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J. Mau  
H Heine University Düsseldorf, Buschstr.9, 47800 Krefeld 

Introduction 

For a functional perspective, human body system’s physiological and operational design 

motifs follow from its mission and from the roles of its life context, cf. Fig. 1 (left): it shows 

physical human body as bio-sphere, its ‘habitat’ as eco-sphere and its social and socio-

economic conditions as socio-sphere; specific driving forces for dynamics of interactions 

between any particular “bio-sphere” body, its environment and its social space are implied. 

Here, individual’s bio-sphere operations, or activities, are in foreground [1]:  

Fig. 1: Human body: Life-sphere (left) and functional (right) decompositions; analogous  

technical concepts.    

Firstly, manual and locomotor physical activity and sexual activity which together are 

referred to as ‘physical (re-)production’, and secondly, mental activity in solving cognitive 

tasks making and enacting volitive decisions; both express in behavior, as the perception of 

bio-sphere operations by its eco-sphere and socio-sphere context.  

The analogy between the living and the machine - a paraphrase to the subtitle of Wiener’s 

seminal book [2] - is shown in Fig. 1 (right) which reviews parts of [3]: Human body has two 

main components, functional body and operational body - the former of two compartments, 

one of vital functions that provide energy or power, and another of productivity functions that 

are under command by operational body. This matches the situation in an engineered device, 

a machine’s engine room, motor devices for production, human operator’s command stand.  

In clinical context, functional core body is seen in the disabled deprived of physical (re-

)productive activity, though possibly still operationally enabled, while a person in coma may 

be reduced to a vegetative state of persisting minimal vital physiological functions that just 

serve the 10
14

 body cells to survive; both physical and operational activity are disabled. Fig. 2 

(right) shows the full spectrum of competences according to operational body’s command 

upon whole-body behavior, as levels of recovery from acute stroke.    
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���� �� Physical, functional, and operational body, and feed-back from eco- and socio-sphere 

on behavior (left);possible extent of impairments and recovery, applicable to all brain 

diseases. ADL=activity of daily living(right) 

Returning to Fig. 1 (right), pertinent engineering control concepts are feed-back control, 

sometimes also called regulation, to keep a set point, balance out disturbances and thus ensure 

good internal operating conditions, and control to initiate or modify processes that aim to 

achieve a target under changing requirements which includes set point changes for regulation. 

Steering is a concept at a higher level: it is ‘making operative decisions’ given input 

information on operational goals, operational rules and the current set of operational options 

for the system, hence a typical human operator’s task. As in the machine, steering requires 

sensory equipment which signals a situation, a director’s role of processing received 

information, and command lines that transmit appropriate signals to devices that execute 

operational decisions. Steering is the mission of operational body, then.  

Functional Body 

In Fig. 2 right, total body system is an aggregate of three units, functional core body ��of vital 

bodily functions, functionally extended body ��of physical (re-)production, and physical body

��of cellular “material”. Each unit is an aggregate by itself, composed of units with distinct 

tasks: energy sub-system (E), transportation sub-system (T),  the sub-system for internal 

security (H for “Homeland Security”), and the body’s xenobiotic residential sub-system, X, 

physical manual or locomotor production sub-system, P, reproductive sub-system, R.  

As human body hormone system and nervous system jointly manage and control all body 

functions, together they are referred to as Functional Management and Control System 

(FMCS), cf. [1] for more detail.  

Operational body

Basically, human body bio-sphere life fitness is determined from its sensory, cognitive and 

motor function capacities which involve the sensory nervous system, the mind, and motor 

cortex nervous system; the capacity of each and in combination is always conditional on pre-

vailing physiological situation of functional body [1]. More specifically, operational body is 

understood as an aggregate of two units, a sub-system K for bio-sphere’s communication with 

its world outside, and a sub-system D for processing of signals received from K.  

K takes the role of a “Signal Corps”: it receives messages from eco- and socio-sphere through 

its devices, i. e. the senses for sound / airpressure, light / heat, smell / taste / chemical 

exposures, local touch, and transmits these via afferent nervous pathways for processing by 

D; denote this part of K by Saff. Upon orders received from D via efferent nervous pathways, 

K will also send out messages to outer world engaging functional body’s options to produce 

sounds (e.g. speech), mimics, body language, and physical gestures; denote this part of K by 

Seff.   
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�� ��� ���� ���� ¡ ��������� ���� �¢ ��£��¤�¥ ��¦� ls, D takes the steering role of reviewing and 

weighing currently available response options subject to two competences that rest in bio-

sphere’s personality: (i) intellectual capacity, r, of rationale decision-making (abstracting, 

categorizing, systematic structuring), and in (ii) motivational potentials m of making 

emotional decisions based on affections, desires, visions, etc.; any decision is passed on to K

for ‘sending’ the message to world outside. This way, K and D form an operational unit that 

responds to received messages with some operational activity; K engages also physical 

functions to make expression while D does not.  

An intuitive summarizing notation for operational body is then ��= { Seff D Seff |  ��,���,�� ; r,

m }; when noticed in eco-sphere or socio-sphere compartments of human body life-sphere, �
is perceived as behavior �.  

Reverse Built-up 

Conceptually, one can understand a functional aggregate (FA) as an ensemble composed of 

functional units (FU) made to work together in a coordinated way with regard to a distinct 

functional task within the whole system. Both FA’s and FU’s are logical units (LU), though 

with FU ∈ FA � level(FU) = level(FA) + 1. 

Remark: As with data file system administration across several hardware storage devices [4], 

LU’s may not have a direct correlate with physical units (PU) in wiring complex systems 

according to a prescribed functional logic [3]; in the same way of thought, kybernetik

characterizes a system’s “Schaltgefüge”, the structure of couplings for control of its internal 

energy (mass, information) transfer dynamics, irrespectively from its physical realization [5]. 

The following is a more elaborate presentation of an approach indicated in [3].   
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ÆÇÈÉ ÊË ÌÍÎÏÇÐÑÒ ÓÔÇÕÏ ÖÌ×Ø ÑÕ ÏÙÚÙÔ ÛÒÙÚÙÒÏÜ ÇÔ ÍÝlistic modeling of human body system (left), 

and built-up in logical units (LU) with their within-level interactions as emergent properties 

(right).   

In Fig. 3 (left), seven functional levels are suggested for kybernetic modeling of  whole 

human body system, with their functional correspondences in a complex building and in 

body’s anatomy; the red box (level 0) indicates higher level interaction of human body bio-

sphere in eco-and socio-sphere, actually the case for behavioral kybernetics. Dashed 

horizontal lines separate (from bottom to top) material components from dedicated functional 

units and aggregates, and from larger segments some of which may temporarily be 

suspendable.   

In Fig. 3 (right), horizontal double-arrows indicate interacting LU’s within an FA; their 

emergent properties - depicted as “vertically uprising” arrows - express as LU properties for 

interaction at the next higher level - in other words, the interactions among LU’s at level n+1 

generate the emergent properties for level n. More precisely, emergent properties of an FA 

expressing at level n are the interactions among its FU’s at level n+1. (Note: Color of 

horizontal double-arrow indicates interaction of only LU’s with cap of same color.)  
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êëì íîïðñòíó òíôíòõö ÷øùú ïìí ôûüïò ýþÿFüûëÿú ���, physical (re-)production functions ���, 
and operational functions ���. Each is a functional unit of functional aggregate “whole 

human body”; the properties of “whole human body” bio-sphere in interaction with its eco- 

and socio-sphere at level 0 are determined as emergent properties (dark green cap) from 

interaction of its three constituent functional units, ���� ,����� ,����� , each with an orange 

cap,�at level 1. By definition, “dark green cap” properties are behavior, ���� (��,��,��)��. 
Reverse built-up of whole human body system across all levels follows by induction. It 

remains to get a usable definition of interaction between FU’s of an FA.        

Kybernetic Modeling

Interaction within a system is understood as energy (mass, information) transfers between 

system components; their dynamics due to prevailing driving forces are controlled by 

Schaltgefüge, the structure of couplings that is independent of physical realization, it is in the 

focus of kybernetic modeling. In context of Fig. 3 (right) level 1, one may use 	{��,��,������
�
to denote Schaltgefüge for horizontal orange-colored double-arrow and address the system of 

involved regulation (looped feed-back) and controls in expression of interactions as emergent 

properties visible at whole-body level 0, ����(��,��,��)��.  
Specifically, kybernetic modeling of 	{��,��,������
�will first devise the structure of 

functional dependencies between   

• a person’s ability to make decision about how and when to act: operational capacity of 

���, 
• the body’s ability to physically enact the decision: locomotor capacity of ���, and 

• the body’s ability to meet performance requirements: availability of physiological 

resources of ���, 
based on level-1 functional logic [3; Fig. 1] and then use it as blueprint of a proper automation 

engineering wiring diagram for 	{��,��,������
; by the�kybernetic paradigm, independence of 

physical realization, this step may use wiring diagrams of functionally comparable engineered 

systems, i. e. systems that implement the same functional logic.  

Application

In practice, it will involve human body’s physiological FMCS and account for operational 

control  effectuated by feed-backs from eco-sphere environment or socio-sphere settings with 

impact on human body operations, see Fig. 2 left. On ethical grounds, one will gain most 

insight from diseases of human body FMCS, i. e. primarily from �-effects and 

pathophysiology of disorders of cerebral control (e.g. strokes, vascular dementia, degenerative 

dementia, Parkinson’s disease, multiple sclerosis and epilepsy), and concurrent disorders in 

functional body [6], and from staging of competence as in Fig. 2 (right). For an example, with 

“Ø”,  “−”, “+” for “none”, “reduced”, “mainly normal”, respectively, staging as “viable” may 

be seen in (��,��,���)�=  (−−−, Ø , Ø), (−−, − , Ø), (+ , +/−, −), (+ , (+), +/ −), explicitly named 

“vegetative”, “highly dependent”, “moderately dependent” and “practically independent” 

stagings, respectively, and (��,��,���)�=  (+, (+) , (+)), (+, +, (+)), and (+, +, +) as “fit for 

work”, “(socially) presentable”, and “self-motivated” stagings, respectively; cf. Fig. 2 (right).          

Discussion 

An approach based on different concepts is noteworthy, as it links molecular level and organ 

level properties directly [7]; the present approach presents a multi-scale modeling framework 

for control structures, instead.    
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Background: The task of emergency medical services (EMS) is to immediately initiate 

medical treatment or transportation to hospital in cases of accidents or severe diseases. 

Indeed, diverse acute events such as myocardial infarction and stroke necessitate prompt 

decisions and medical therapy. Even other conditions like acute pain badly need an early 

relief. Although most European countries bank on paramedic systems with well-educated 

ambulance men, competences and authorities are strictly regulated and limited as compared to 

physicians’. In German EMS, in about half of the emergencies, doctors, so-called emergency 

physicians (EP), are involved [1]. They are dispatched concurrently with the ambulance (but 

in a separate car) in cases when a life-threatening situation seems to be apparent or dispatched 

afterwards when paramedics need medical assistance. Due to national legal provisions and 

economic reasons, the network of ambulance locations is denser than the network of EMS 

physician units. If "only" an ambulance is sent to the site, the crew evaluates the patient's 

condition after their arrival. If the condition is more severe than so far expected or special 

medications (e.g. analgesics) are necessary, additionally an EMS physician is sent to the site. 

Therefore, in many cases the ambulance paramedic team arrives several minutes prior to the 

arrival of a physician and initiates emergency measures. The proportion of EP supported 

missions varies regionally from less than 30 % to more than 60 % [2]. Due to demographic 

changes, the amount of old patients and the incidence of chronic diseases is ever-increasing. 

Therefore, on the one hand, the number of emergency missions is escalating yearly by about 3 

to 4 % all over Germany with increasing treatment complexity. On the other hand, the number 

of physicians is limited, so that qualified personnel is lacking - particularly in rural regions 

with consequently rising waiting periods for the EP and falling qualification standards. 

Coincidentally, experience of medical staff in managing severely ill and severely injured 

patients is considerably lower in rural regions due to the far lower number of such emergency 

cases. However, quality depends on both formal qualification and experience [3-5]. Several 

studies have shown that at least critically ill patients benefit from treatment by an EMS 

physician [6] 

The application of telemedicine and especially of tele-consultation can be of crucial worth 

in managing the balancing act between ensuring a high quality and conserving resources. 

Therefore, telemedical procedures have become increasingly important in emergency and 

acute care settings; however, these applications are often restricted to research and pilot 
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p� !"#$% &'$ &� () *+p,"+"-$($* - *-$ � '$*-" #(�" is lacking [7]. In the city of Aachen a 

telemedical rescue assistance system (TRAS) was developed and further developed in a 

number of sequent research projects. It is based on organisational, medical and technical 

modules and consists of connected medical devices, safe and secure high-tech communication 

technology and a checklist-based medical documentation system ensuring a high guideline-

adherence.  

Nowadays, TRAS is established in daily routine and available on all ambulances 24/7. In 

this paper a brief technical overview of the system is given as well as some results regarding 

medical capabilities, structural effects and technical performance during the last two years of 

application.  

Methods: TRAS enables telemedical support of the paramedics by a tele-EP on-site (e.g. 

at the patient’s habitation) and during the transportation in the ambulance. Therefore, two 

independent working communication devices are provided using several mobile networks 

each. One of them is integrated into the car, the other one is embedded in the bag of the 

patient monitor and defibrillator unit (Corpuls C3, GS Stemple, Germany) that is always 

taken along to the patient. Whereas the C3 is connected to the portable communication 

device, a video camera (integrated into the ambulance ceiling) and a printer is connected to 

the in-car communication box. The paramedics use Bluetooth headsets ensuring a hands-free 

communication with the tele-EP (figure 1). For initiating a call to the EP, only one button-

press is necessary. A Smartphone is applied to take picture or short video sequences on-scene. 

All data including real-time ECG transmission, video data and periodically measured vitals 

are encrypted and sent to a so-called tele-EP centre for evaluation. The tele-EP is qualified 

and authorized to instruct the paramedics e.g. to administer drugs, so that an immediate 

medical treatment can be initiated even though the doctor is not present on-site.  

Figure 1: Hardware components of the telemedical rescue assistant system. The conventional 

ambulance is equipped with diverse technical features.  

Results: Although technical performance of TRAS is reliable, adaptation of all 

stakeholders to the new processes was necessary. As a matter of fact, acceptance differed 

from person to person but rose steadily from quarter to quarter. Whereas the total of number 

of tele-EP-directed emergency missions was 193 in the first quarter after establishment into 
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 quarter of 2014), nowadays more than 600 missions are supported by the 

tele-EP each quarter. Therefore training of EMS personnel and dispatch personnel was 

necessary and further optimisation of technical equipment – software and hardware. Up to 

date more than 4.100 missions were conducted by telemedical support since April, 2014 with 

no adverse event or complication. In most cases, TRAS was used in order to reduce the time 

interval to medical therapy with consequently improved patient safety (figure 2). 

                                    
Figure 2: Categories of telemedically supported missions. Green: paramedics and tele-EP 

alone, blue: dispatch of conventional EP during tele-EP consultation (“emergency upgrade by 

tele-EP”), red: tele-consultation between EP and tele-EP (hand-over, second opinion), orange: 

tele-consultation to bridge EP travel time. 

In most consultations, the tele-EP was connected with the requisitioning paramedic within 

20 seconds. The mean duration of emergency missions operated by the tele-EP is significantly 

lower (32 min) as compared to the conventional EP at the City of Aachen (54 min) or the 

German mean value (56 min). Nowadays already 28 % of all physician-directed emergency 

missions are carried out by the tele-EP. Furthermore, 35 % of all physician-accompanied 

inter-hospital transfers are performed telemedically. In consequence, the percentage of 

physician-directed emergency missions fell from 33 % (2013/14) to 24 % (2015). Today it is 

almost 50 % below the German mean (44 %). 

Discussion: Telemedicine in emergency medicine is technically feasible and will be an 

important integrative component of German EMS in future. It can contribute to guarantee a 

resource-saving medical treatment of high-quality. However, telemedicine cannot replace 

physicians or paramedics on-scene since manual skills are required in a number of emergency 

missions. By building up regional or transregional telemedical centres, further economic 

advantages can be achieved. Furthermore, telemedicine can provide medical support even in 

remote areas where medical care (e.g. with general practitioners) is sparse.  
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Relevance. The problem of telemedicine systems development for diagnostic purposes 

and its broad integration into clinical practice is becoming extremely relevant today due to a 

number of objective and subjective reasons: firstly, the increase of world population, 

especially the elderly people who require much more of doctors attention, secondly, 

decreasing rate of healthcare costs for medical care per individual even with the increase of 

financial support of the health system, thirdly, necessity of expanding access and improve 

quality of health services. 

An effective solution of this problem can be achieved by improving the technology of 

telemedicine monitoring of the health status of people especially for socially significant 

diseases, prevention of diseases and prediction of the risk of exacerbation of chronic diseases. 

Objective of the study. The goal of the study is to develop a multi-level intelligent 

system of remote monitoring of the person’s health status and forecasting the risk of 

exacerbation of chronic diseases. Socially significant diseases are the diseases that are most 

prevalent in society and cover wide strata of the population; they require significant financial 

and personnel resources. With insufficient treatment these diseases often become chronic. 

Therefore, the solution of monitoring problems and forecasting the risk of exacerbation of 

chronic diseases contributes also to the solution of the treatment problems of socially 

significant diseases. 

To achieve this objective we formulated and solved the following problems: 

- substantiation of the technology and the structure of the system for continuous remote 

monitoring of the person's health status and prediction of future exacerbation of the disease; 

- formation of a set of indicators for description of patient’s health status and prediction 

of future disease exacerbation; 

- substantiation and development of the wearable patient device structure; 

Solutions. 

1. Substantiation of the technology and the structure of the continuous remote 

monitoring system of the person’s health status and prediction of future disease 

exacerbation. To monitor the state of human health and to predict the disease exacerbation 

the system is required to solve the complex of problems related to registration of signals, 

which characterise the activity of the body's systems, processing and analysis of biomedical 

information, assessment of the current state of the human body, revealing of dynamic changes 

and prediction of acute conditions. It is obvious that for the solution of complex tasks the 
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wxwyz{ w|}~�� |��z � {~�y��z�z� |�z����|���� wy�~�yure, each level of which should provide 

optimal solutions to specific tasks.  

The first level of the hierarchical monitoring system (wearable patient device) 

provides the solution for the task of objective and reliable registration of complex biomedical 

signals and indicators of body systems activities. Minimization of method errors of signals 

registration can be achieved by reducing the effect of registration devices on the functioning 

of body systems and on patient’s life activities. Sensors on the wearable patient device should 

have minimum size and weight to provide non-invasive evaluation of indicators, be 

biologically compatible, not affect the spatial-temporal distribution of the registered 

biomedical signals [1]. To ensure continued reliable registration of biomedical signals a 

wearable device should have long battery life (up to several days). That means that the 

wearable device is not advisable to use for signals pre-processing: complex handling of 

biomedical signals necessitates using of high-performance CPU, and as a result, we have 

increased electric current consumption and reduced of battery life. Using intelligent 

algorithms for recording and transmission of biomedical signals on the second level of the 

system – the level of biomedical signals recept can significantly reduce current consumption 

and increase the autonomy of the device. Intellectualization is based on usage of a limited set 

of recorded biomedical signals to monitor the status of individual norms (e.g., ECG and 

respiration). In case of detection of functional changes in the activity of body systems the 

wearable device can connect additional registration channels of biomedical signals, change 

algorithms and register parameters of biomedical signals to improve accuracy and reliability 

of the assessment of the patient’s health condition. The transmission power of the signals by 

the radio channel from the wearable device to the receiver should not exceed tens of mW. 

This contributes to additional enhancement of the work autonomy of the wearable device. The 

main function of the first-level system can be formulated as follows: accuracy and reliability 

of registration and transmission of signals in conditions of long autonomous work. 

The second level of the system is signals receiver. It provides preliminary processing of 

biomedical signals, estimation of diagnostically important indicators of patient health, 

assessment of the current health condition, administration of operating mode and changes the 

settings of the wearable device recording channels. The analysis of indicators of the body 

systems functioning, formation of the signals alerts for the patient about changes in his/her 

health condition and transmission of biomedical information by WLAN channel to the server 

of any medical institution which performs the monitoring of the health status and prognosis of 

exacerbation of chronic diseases are also provided on this level. In order to effectively use 

memory, the receiver storage time for diagnostically important indicators of the health status 

should not exceed a week. Recording and storing of these parameters for a longer period of 

monitoring of the patient’s health state is carried out on the server of the medical institution. 

To solve all the tasks specified above the second level of the system must have a high-

performance CPU. Taking into consideration the current level of the computer technologies 

development it is implemented on a smartphone or a tablet computer using a stand-alone or 

network power source [2]. The main function of the second-level of the system can be 

formulated as follows: an accurate assessment of the current state of the patient and transfer of 

biomedical information to the third level for implementation of long-term monitoring and 

forecasting of the health condition of the patient.

The third level of the systems is presented by cloud-based tools and technologies of 

the medical institution server which performs the monitoring of the patient health status. It 

provides a detailed analysis of the dynamics of the functional state of body systems, an 

integral assessment of health status, an adjustment of indicators of individual norms of the 

monitored patient and the criteria for diagnostics of diseases and prediction of their 

exacerbation, the formation of informational messages for a physician about patient’s health 
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������ �� ���������� ������� ��  �¡¢ �¢���£�¤ ¥�� �bjective function of the system’s third 

level can be formulated as follows: long-term monitoring of the patient health status and 

prognosis of the disease exacerbation. 

The fourth level of the system is formed by a microprocessor system of the attending 

(family) physician and implemented on the portable (tablet) or desktop computer. The doctor 

receives detailed information about the patient’s current condition, about the dynamics of 

changes in health status during the long-term monitoring and about the forecast of the 

patient’s health state in the next days. Typical solutions for using medical technologies and 

medicines could be recommended for the doctor to normalize the condition of the patient in 

case of threatening his life and health functional disorders. Communication between second, 

third and fourth levels of the monitoring system is implemented by using the WLAN 

communication channel. The medical institution server receives a biomedical information 

about the patient’s current health condition from the second level of the system, and in the 

opposite direction – to the patient receiver it sends updates of software modules which were 

specified as a result of long-term monitoring criteria for the assessment of the patient current 

state and control commands to implement an intellectual mode of recording and processing of 

biomedical signals. 

The use of the WLAN channel between the server of the medical institution and the 

doctor's computer provides the physician access to patient data, monitoring patient's health 

status, medical advisory accompanying the patient with no restrictions in space and time. The 

doctor can adjust the monitoring program, methods of assessing current status and forecasting 

of the health status of the patient by using cloud-based tools. The objective function of the 

fourth-level system can be formulated as follows: monitoring of the patient health status and 

decision making by the family physician, patient medical care performed by the doctor. 

In accordance with the above rationale, we propose the following architecture of the 

intelligent system of remote monitoring of patient health condition (Fig. 1). 

Fig. 1 Intelligent system of remote monitoring of patient health condition architecture 

2. Forming a set of indicators for description patient’s health status and prediction 

of future disease exacerbation. 

The process of the patient’s current state evaluation and diagnosis of diseases, 

proceeded by a doctor, is a process of finding a model (description) from a previously known 

set of state models (including diseases) which is the most similar to the current model of the 

patient's condition. Therefore, the accuracy of formation of the current model of patient's 

condition, disease models, feasibility and optimality of search algorithms and models 

comparing, making decision, diagnostic criteria objectivity have a significant influence on 
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²³³´µ²³¶ ·¸ ¹º» ¼½¾»²¾» ¼½²¿À·¾½¾Á Âº» Ã·¼»Ä¾ ·¸ ¹ºe patient's health state (healthy and with 

different diseases) are described by a set of diagnostically significant parameters. 

The set of these parameters for various diseases commonly doesn’t match. The 

following approach is recommended to create a complex of significant indicators for the 

diagnosis of diseases. A group of physicians with large clinical experience in the profile of the 

specific disease is formed. This group provides expert evaluation of the indicators importance 

for the diagnosis of specific disease. Further, a database for the state of physiological norm 

and a specific disease is formed according to the results of clinical trials on a representative 

sample of different groups of patients using the proposed set of indicators [3]. While 

gathering groups, researcher should take into account age and gender differences between 

patients, their present illnesses. 

The experimental data are used for factor analysis to determine the factors (indicators) 

that have the greatest power in the identification of diseases, and ranking these factors by 

significance level. Power of diagnostically significant factors is used to formalize models 

(mathematical, table), and the level of significance of the factors used to organize intelligent 

monitoring process. It provides monitoring of a patient current state with a limited number of 

the most significant indicators (with a high level of significance) in the background of the 

system operation, and in case of deviation of the current patient health state from the area of 

individual standards should connect another channels for recording biomedical information 

for the evaluation of additional model indicators. Thus, the set of indicators used in the 

patient's condition models, let us to determine the composition of the measuring channels for 

biomedical signals recording and the sequence of their connection. 

For the diagnosis of a large number of functional disorders we need to use channels for 

registration of different signals in remote health monitoring systems: ECG, arterial blood 

pressure, pulse wave, respiration and body temperature. 

3. Substantiation and development of the wearable patient device structure. 

The functionality of the intelligent system for remote monitoring of the person’s health 

status is largely determined by the functionality of wearable device measuring channels, since 

it provides recording of biomedical information, which is used for evaluation of the person’s 

current health status, monitoring and prediction of disease exacerbation [4]. In order to 

provide improved technical and metrological characteristics of measuring channels, it is 

recommended to use highly integrated Analog Front End (AFE) modules for medical 

purposes, intended for registration of ECG, EEG, EMG biopotentials, SO2, pulse wave, 

respiration rate and temperature. Most modern AFE modules have onboard various serial 

digital interfaces like UART and SPI, which allow us to offer the following unified structure 

of the wearable device (Figure 2). 

ÅÆÇÈ É Unified structure of the wearable device 
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Ö×Ø ÙØÚÛÚÜÝØ ÞÚßàØáß âØãàäØ äåáßÚàáæ ß×Ø æØß åç ØÝØctrodes and sensors for signal 

registration from patient, N channel AFE modules, microcontroller (MCU) for collecting 

digital data from the measuring channels and control their operation modes, radio channel 

(RFC) for transmission/reception of signals from the second level of the system, and 

Úèßåáåéåèæ æßÚáâêÚÝåáØ ÞåÙØÛ æèÞÞÝë æåèÛäØ ìíîïðñ Öhe selection of specific types of 

system modules is based on required data transfer rate of recorded biomedical information. 

The research was performed with the support of RFBR, grant � 16-07-00599. 
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Geometric evaluation of an inductive powering unit for implanted 

medical device with parallel computing on GPU 

A.A. Danilov, E.A. Mindubaev, D.A. Potapov

National Research University of Electronic Technologies

Inductive powering is an attractive technique for powering of implanted medical devices 

(IMD), including cochlear implants [1], spinal cord stimulators [2] and mechanical circulatory 

support systems [3]. Despite great interest which is dated back to the late 50s and remarkable 

progress in last three decades there are several complex problems to be overcome [4].  

Coils misalignments are one of the main concerns. Such misalignments are specific for 

inductive powering of the IMDs because of patient movements and tissue state changes (e.g., 

postoperative edema). Thus, it is essential to perform geometric analysis of an inductive 

powering unit (IPU) during the design process as well as to control geometric parameters in 

the course of operation [5].  

Mutual inductance of the coils can be considered as a key parameter for such an analysis 

and control. It characterizes relation between electromotive force in primary and current in 

secondary coils and at the same time can be derived from purely geometric consideration. 

Unfortunately, there is no analytic expression for calculation of a mutual inductance of two 

arbitrary oriented coils. Hence, numerical methods should be used.  

There are several tools for mutual inductance calculation via numerical methods, 

FastHenry [6] and COMSOL Multiphysics [7] for instance. The main drawback of these 

instruments is restricted capability for parametric evaluation. It is often difficult or even 

impossible to obtain dependencies of a mutual inductance from geometric parameters (e.g., 

distance between coils, lateral displacement, angular displacement). So, usually one needs to 

design its own computing instrument suitable for specific tasks. The main problem here is 

time cost. 
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þÿT ��� �� �ÿT ��T�T	� 
��� �� �� �T
T��� � 	��T���al model for geometric evaluation of a 

mutual inductance with parallel computing on GPU in order to reduce time expenditures. 

Mutual inductance between two infinitely thin circular filaments can be described using so 

called Neumann’s formula: 
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here 0µ  is magnetic permeability of a vacuum, tR  and rR are filaments radii and trr  is 

distance between filaments elements tld  and rld : 
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here d  is an axial distance between the coils, ρ is a lateral distance between the filaments and 

ϕ  is an angle between the filaments planes.  

Integral (1) cannot be obtained analytically in general case, when 0,, ≠ϕρd . Simplest way 

to calculate it is by using rectangle method. Therefore, following expression for mutual 

inductance can be written: 
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here Nt /2π=ϕ∆ , Kr /2π=ϕ∆ , NnKk nk π=ϕπ=ϕ 2,2 . 

Equation for two coils with number of a windings wtN and wrN : 
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It should be noted that coils in IMDs inductive powering usually have pancake shape, so 

radii of filaments are not equal to each other in contrast to the case of cylindrical coils. 

Finally, substituting (3) in (4) one can obtain: 
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Expression (5) is generalized in terms of filaments discretization. If every filament in coils 

is divided into a same number of elements, it can be simplified as follows 
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For geometric evaluation of a coils couple it is necessary to obtain a set of mutual 

inductance values ( ) ( ) ( ) ( )[ ]
PNCCCC PMPMPMPM ,...,, 21=  for PN  values of a parameter or set 

of parameters (e.g., αρ,,d ). Altogether, in order to obtain mutual inductance as a function of 

geometric parameters one need to perform NKNNN wrwtp  calculations of a basic function 
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� � inknk jij
rϕ−ϕcos . In case of a coils couple for an inductive IMD powering number of a basic 

function calculation can reach 10
7
...10

8
 for a uniform wire filaments and 10

9
...10

10
 for a Litz 

wire. Described procedure is time consuming, but can be effectively dealt with the help of 

parallel computing methods. 

One of the popular and cost-effective parallel computing method is using of graphical 

processing unit (GPU). In our work we performed calculations on the NVIDIA Tesla C2075 

unit (448 CUDA cores, 1,15 GHz). It should be noted that the main drawback of a GPU 

computing is low speed of reading and writing data, thus it is necessary to perform a 

geometric evaluation in one access to the GPU. At the same time, a set of parameters usually 

has a relatively small number of elements (that said, 10...20) in comparison to the number of a 

GPU parallel threads TN  (that said, 1024). So, effective parallelization can be achieved using 

following procedure: 

1°. Establish a super-index TNg ...1= as a GPU-array [ ]TNg ,...,2,1= . It is necessary 

because all data must be translated to GPU and super-index must be used for calculation of 

parameters and indexes values inside parallel threads.  

2°. Determine a number of a parallel threads for every point in a ( )PMC  as a  

[ ]PTST NNN =  ,      (7) 

here [ ]••  is an integer division. In order to achieve maximum efficiency it is desirable to 

choose ST
x

P NN <= 2 , usually it is sufficient to have 8...32 points in geometric parameter set. 

3°. Calculate the value of a parameter inside g-th parallel thread as a 
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4°. Divide every low level sum into STN  parallel threads and calculate intermediate value 

inside every single thread as follows 
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here ( )[ ]( )[ ]STSTST NKNgNgK 1'' −−= , [ ] 1''' +−= STNKKK , STNt ..1= . 

5°. Obtain value ( )gC PM as a sum  
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Proposed method was implemented using MATLAB coding. Examples of calculations 

using the method are presented on fig. 1. Values of mutual inductance were calculated for 

typical inductive IMD powering. Distance between coils centers is 18 mm, radii of a coils is 

35 mm, radii of a windings is 0.5 mm, number of windings is 3 (given in fig. 1, a) and 15 

(given in fig. 1, b) for two examples. Evaluation was performed for angular displacement in 

range of 0...32 degrees with the step equal to 2 degree. Every winding was split into 256 

elements.  

In order to validate parallel procedure it was compared to the sequential summing on a host 

CPU. It can be seen on fig. 1 that both methods are in perfect agreement. It should be noted 

that increment of number of windings affects geometric properties of a coils couple. In fig.1, 
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a- ./0/1./123/4 5a6/ a 782a7 9a:39;9 31 a </=381 8> interest. In fig 1, b, mutual inductance is 

a monotonic function of angle.  

?@                                                             b) 

Fig.1 Mutual inductance as a function of an angular displacement for coils couple with 3 

(left) and 15 (right) windings. Distance between coils centers is 18 mm, radii of a coils is 

35 mm, radii of a windings is 0,5 mm. Results of a numerical modeling with sequential 

(solid line) and parallel (dots) computing. 

Investigation of the calculation speed-up was performed and results are presented in fig. 2. 

It can be seen that proposed method is about 50...80 times faster than sequential calculation 

on a host CPU for wide variety of a problem discretization values.  

?@                                                             b) 

Fig.2 Speed-up of calculation with parallel computing using GPU in comparison to 

sequential calculation on a host CPU as a function of a geometric parameter discretization 

(left) and filaments discretization (right). 

Geometric evaluation of a coils couple is an important part of an IPU design. Numerical 

calculation is a flexible instrument for such evaluation and thus plays a key role in the design 

procedures. One of the main problems here is a high time-cost of a calculation. Proposed 

method of a mutual inductance geometric evaluation with parallel computing on GPU is an 

acceptable solution of a problem. It provides nearly real-time possibilities for evaluation of 

coils with single wires filaments.  

Usually coils in IPU have about 10...20 filaments. With proposed method it takes about 

20...50 seconds to obtain one set of a mutual inductance values versus geometric parameters 

with 16...32 elements and discretization of a coils filaments of 2
8
...2

10
. So, it is possible to 

perform extensive numerical modelling aimed at design optimization. Geometric evaluation 

usually should be performed for every parameter (e.g., distance, lateral displacement, angular 

displacement) and its combinations. That means that number of a mutual inductance 

geometric sets during the design procedure can reach 2
8
...2

10
. It is a significant amount of 

data, but it can be obtained in the course of one-two days with the help of the proposed 

method. Our future works should be aimed at computer aided processing of such a data. 

Another direction of the studies is coils form-factor analysis, i.e., the calculation of a mutual 
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MNOQRSUNRVW XUYQV Z[\ XU\M[QW NQ]^V\W [Z _MNOMN`W Und for various coils radii for  a given 

geometry. 
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Introduction 

Endovascular aneurysm repair procedures such as the insertion of coils or stents are 

often used to reduce the risk of rupture.  The combination of coils with stents is highly 

effective because a reduced amount of thrombotic material can escape into the aneurysm.  

There is also a better chance of complete occlusion of the aneurysm. The factors which can 

contribute to the development of cerebral aneurysms include: influence of blood flow, blood 

pressure, wall elasticity and wall properties, pusatility, the non-Newtonian flow behavior of 

blood, velocity and wall vibrations and flow shear stresses acting on the vessel walls. The 

goals of our study were to measure wall vibrations and to investigate ways of reducing the 

factors which contribute to aneurysm rupture.  Because the type of stents used plays an 

important role in the success of treatment, two different stent types were tested.  

Physiologically (one-to-one, true-to scale) transparent models with a compliance similar to 

that of human vessels were used. 

Methods 

���� � CTA, 3D-reconstruction, wax model and silicone model of an aneurysm. 

Flow visualization was done in the models with a photoelasticity apparatus.  Dyes were used 

to visualize steady flow; a birefringent solution was used for unsteady flow and particles were 

also added.  Further velocity measurements were done with LDA and a laser Vibrometer. 
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¥¦§ ¨ Velocity component of the fluid in flow direction measured over a cross 

section in the center of the aneurysmal sac at systole: left native, right stented 

aneurysm. 

Fig. 3 Aneurysmal velocity magnitude over two cross sections before (left) and 

after implantation of flow diverter FD1 (center) and flow diverter FD2 (right). 

©ª«¬ ­ Aneurysmal mean velocity calculated on longitudinal planes (aneurysm 

center in y=0) after stenting with two different flow diverters. 
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Fig. 5 Power spectral density measured at a point on the bottom (left) and on the 

lateral wall (right) of an aneurysm. The pictures above show the PSD in the 

frequency range 0-60 Hz, below in the range 0-2000 Hz. 

Discussion

Low shear inside aneurysms may provide the conditions for the formation of 

thrombogenic areas and it remains to be investigated how these areas are affected by stent 

placement. Recorded vibrational frequencies up to and exceeding 550Hz are important and 

must be investigated in more detail in the cerebral arterial system, especially in areas prone to 

aneurysm.  It is well known that vibrations cause resonance at specific frequencies, unique to 

each material.  It may be theorized that vibrations in an aneurysm, up to a specific as yet 

unidentified frequency or critical resonance frequency, may contribute to aneurysm rupture. 

Conclusions

• Frequencies exceeding 550 Hz have been measured in models of human cerebral 

arteries. 

• Further studies with modified flow conditions (flow rate, pressure range and beat 

frequency) are needed in the cerebral arterial areas prone to aneurysm. 

• Thrombogenic areas may be created at low shear rates inside aneurysms and these 

may be affected by stent placement.  

• Vortices have been observed within aneurysm and may cause velocity fluctuations. 

• The intensity of vibrations is small than the average pulse intensity.  With increasing 

aneurysm size, small additional vortices with a high turbulence degree arise. 

• Energy exchange causes wall vibrations.   

• The highly disturbed flow in aneurysms may cause vibrations of the wall and lead 

indirectly to rupture. 

Novel tissue engineering methods for bile duct 

reconstruction

I. Klabukov 
I.M. Sechenov First Moscow State Medical University, Trubetskaya St. 8/2, Moscow, 119991, Russia 

Iatrogenic bile duct injuries following cholecystectomy for gallstone disease represent a 

serious and challenging surgical complication. Intraoperative bile duct injures requiring its 

repair observed in 0.05–2.7% of patients, who underwent cholecystectomy due to 

cholelithiasis. Lots of patients require reconstructive bile duct surgery given that 

cholecystectomy is the second most common surgery in the abdominal region, and more than 

1 mln operations are made all over the world per year. The standard surgery includes suturing 
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ÒÓ ÔÕÖ ×ØÙÔ ÚÛÔÕ ÜÝÞßß ÛàÔÖÜÔÛàÖá âØÔ ÜØÙÕ Þ ãÖÙÒàÜtruction can lead to liver abscess, biliary 

cirrhosis and increased risk of cholangiocarcinoma [1]. No one method was proposed as the 

best option for the repair and native reconstruction of common bile duct (Fig.1), though the 

use of bioengineered matherials and methods is keeping an experimental surgery research. 

Fig.1 Location of the Common Bile Duct (CBD) and schema of CBD’s multilayer structure. 

In early studies was theoretically analyzed of methods for creating a three-dimensional 

universal tissue-engineering graft of the common bile duct and consider the possibility of 

creating fragments of tissue engineered bile duct, which involves the use of tissue-engineering 

structures, consisting of a matrix of cells and signaling molecules [1,2]. Used electrospinning 

methods were prepared of several experimental samples for forming biocompatible tissue-

engineered constructions of the bile duct using four polymers: polycaprolactone (PCL), a 

copolymer of D,L-lactide-co-glycolide of composition 75:25 (PDLGA), a copolymer of L-

lactide with �-caprolactone of composition 70:30 (PLC), and cellulose diacetate. The samples 

were two-layer structures having an impermeable to bile layer. Characteristics of PCL inner 

layer were the same for all samples. Determination of optimum parameters were based on the 

results of experiments on MTT assays with two standardized lines of stromal (3T3) and 

epithelial (MCF7) cells. Biodegradation kinetics test of experimental biocompatible samples 

was carried out in various mediums: water, phosphate buffer, Fenton reagent, bile, a nutrient 

solution with or without serum, as well as in the presence of eukaryotic cells [2]. Are 

supposed, the bile duct repair with the multilayer construction will contribute to formation of 

physiologically equivalents of tissue without any focuses of disease (Tab.1). 

� Causes of the diseases Pathologies 

1 
Injures of the epithelial layer of 

cholangiocytes 

Fibrosis, stenosis, biliary strictures; 

Cholangitis. 

2 Injures of bile duct blood vessels 

Ischemia; 

Stenosis, strictures; 

Infections. 

3 Injures of bile duct innervation Dyskinesia. 

Tab.1 Impact of injures of multilayer structure components on tissue-specific bile duct 

pathologies. 

Although the first surgery with the use of polymeric tube for its partial epithelialization 

during 3 weeks were carried out in 1913 by Propping [3], it was necessary to create the 

instrumentation tools for tissue engineering based on achievements of cell biology 

(immunohistochemistry, flow cytometry, induced pluripotency), microbiology (nucleic acid 
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ö÷øùúûúüöýúþÿ ûaþ÷ �úÿ�ù� ü�ùù� ÷�ýö��ÿþ÷� öÿöù��ú�), biotechnology (grows factors, 

transcription factors, gene therapy vectors) and biochemistry (electrospinning method). 

Actually, electrospinning is the most promising and technological method to obtaining fibrous 

and porous biocompatible materials [4]. In addition,  state-of-the-art research tools for 

bioengineer-surgeon includes techniques with adequate physiological models from selecting 

animals to genetically-engineered humanizing mini-pigs. Was found the biomechanical 

properties of mini-pig bile ducts aged 7 to 10 months close to the same parameters in humans 

in early experimental studies on animals [5]. During the reconstruction of extrahepatic duct 

mini-pigs using a collagen matrix, functionalized by rhFGF, the formation of a complete 

monolayer CK19+ cells noted 8 weeks after surgery [6]. Use of a biodegradable copolymer of 

polylactic acid (PLA) and PCL (50:50), reinforced with polyglycolic acid fibers, in the 

reconstruction of the bile duct required 6 months for epithelium regeneration in the case of a 

full prosthesis [7], and 4 months using the patch (with size 20 mm x 10 mm) [8]. 

Studies on the biodegradation of specimens biocompatible in different mediums, 

particularly in the bile, showed the feasibility of further use as carcass material PCL, cellulose 

diacetate and PLC (retain their structural properties of more than 2 weeks). The study 

revealed the strength characteristics about the same ratio values of the longitudinal and 

transverse strength obtained on the scaffold of native and decellularized bile ducts, as well as 

the values of Young's modulus. As a result of screening using the MCF7 and 3T3 cell lines 

and methods using light microscopy and MTT assay revealed the most biologically suitable 

materials. Through the instrumentality of electrospinning copolymers of lactic acid were 

produced and been choosed the best samples of the materials for the tubular tissue-

engineering bile duct graft development: PCL (inner layer) and PLC (outer layer) [2]. Thus, 

with the help of electrospinning copolymers of lactic acid were produced and been studied the 

best samples of the materials for formation of the tubular tissue-engineering graft with 

surfaced epithelialization and intra-layered vascularization. 

Creating an artificial matrix for different cells types is a complex problem related to the 

selection of non-toxic polymer and method for material forming, activation exogenous 

extracellular matrix with specific properties, and long-term biological effects of ready-to-use 

cell-engineered graft. Conclusions about the usefulness of a particular polymer can be made 

only after the cell growth studies on scaffolds made of degradable biomaterials 

(electrospinning parameters influence the morphology of the material), and studies in model 

medium as well as in vivo. The work was supported by Ministry of Education and Science of 

the Russian Federation (grant No. 14.604.21.0133, ID RFMEFI60414X0133). 
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impedance quality controlling of venipuncture. 
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In medicine to obtain intravenous access for blood sampling of venous blood during the 

process of venipuncture the needle is inserted at an angle almost parallel to the skin surface 

[1].  

The aim of this work is to study the effect of needle-electrode insertion at an angle to 

the calculation of the influence of non-uniform needle insertion speed, whereas the equation 

of vertical shaft inserted from the surface has been used to calculate the current spread [2,3].    

where Z - spreading resistance (ohms); l - the length of inserted needle shaft (mm); d- 

diameter of the needle electrode (mm); � - Resistivity of the medium (Ohm • m). 

The length of the inserted needle electrode to the vein vertically is different from 

inserted it at an angle. However, the conducted study shows that electrical impedance value 

due to the inserting of a needle electrode at an angle differ greatly from the value by inserting 

it vertically to a depth of 5 mm. This is due to the geometry of the end of the needle electrode, 

which corresponds to the injection needle (Fig. 1). The injection needle has a beveled surface 

at the end with 10-15 °, the bevel length is 5 mm. When the needle electrode is inserted  at an 

angle, the contact area becomes  greater than the vertical insertion , so larger values of 

electrical impedance can be considered during vertical insertion. 

F'() * The geometry of the electrode needles. 

1 - cannula needle, 2 - needle, 3 - bevel needle 

a - vertical insertion of a needle, b - the insertion of the needle at an angle of 10-15 ° 

However, the values are stabilized and became similar when the electrode needle was 

inserted to the biological tissue to a depth of more than 5 mm. The measured values are 

shown in Table 1. 

4
ln

2

l
Z

l d

ρ

π
= �
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=>?@A BC DEEAGH IE HJA KAAL@A ?AMA@ HI NA>OPQA A@AGtrical impedance 

Depth, mm Vertical insertion, Ohm Insertion at angle, Ohm 

1 500,0 144,0 

3 200,5 108,2 

5 127,0 89,0 

7 93,0 85,3 

10 74,0 68,0 

The results of this study show the comparability of vertical insertion of needle electrode to 

the biological tissue and the insertion of a needle electrode at an angle. Values of electrical 

impedance become closer during insertion of the needle electrode at 5 mm, which 

corresponds to 1 mm depth of biological tissue when the needle electrode is inserted at an 

angle. 
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1. Introduction  

Today's commercially available below-knee prostheses are completely passive during 

stance, and consequently, their mechanical properties remain fixed with walking speed and 

terrain. These prostheses typically comprise elastic bumper springs or carbon composite leaf 

springs that store and release energy during the stance period, e.g. the Flex-Foot or the 

Seattle-Lite [1-2]. Lower extremity amputees using these conventional passive prostheses 

experience many problems during locomotion. For example, transtibial amputees expend 20-

30% more metabolic power to walk at the same speed than able-bodied individuals, and 

therefore, they prefer a slower walking speed to travel the same distance. Thus, their self-

selected walking speed is normally 30-40% lower than the mean speed of intact individuals 

[3] Also, many clinical studies report that amputees exhibit an asymmetrical gait pattern [4-

5].. These biomechanical results may explain why transtibial amputees require more 

metabolic energy to walk than intact individuals. Using a conventional passive prosthesis, a 

leg amputee can only supply energy through the hip joint to power center of mass dynamics, 

producing a pathological gait pattern [6]. Tasks such as walking are difficult when each 

footfall is seen as a collision with the ground by the rigid limb, especially on uneven or 



RUVWXYZ [ \ ]UV^_W`YZXVRb X]cd_ZWRb _`WXeXVX_d Y`f_NS. DIAGNOSTICS AND ANALYSIS IN SURGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

34 

ughgijg kulmnopkq rg ughgijgs ugktluotulpv wuxng pgvironments, low impedance 

(compliant) force controlled actuation improves safety [7]. Actuation for robotics is a 

demanding task, requiring high torque and low speed, large peak power output for short 

periods, accurate feedback sensing, and suitability in shape, size and mass. Most robots use 

high impedance (stiff) position controlled actuators typical of industrial robot arms[8].In this 

paper, linear ball-screw actuator with spring is reproduced to be used as driver of the 

proposed ankle-foot prosthetic. The results of force and force-position control are presented. 

Also, a variable force-position control strategy is performed to reproduce the typical values of 

ankle joint’s stiffness and damping presented by humans during the walking. 

2. Methods 

I. Actual prototype of Ankle–Foot Prosthesis and Component Selection and 

Implementation 

The ankle–foot prosthesis used for this study, shown in Fig. (1a) ,. This prosthesis is a 

successor to the series of prototypes developed in the Bio mechatronics Group of the MIT 

Media Laboratory. It is a completely self-contained device having the weight (1.8 kg) and size 

of the intact biological ankle–foot complex. 

Fig. 1a  prototype of Ankle–Foot Prosthesis with labeled components 

       Fig. 1b Components of actuator Ankle–Foot Prosthesis. 

The first step in the design is to select an actuator and a transmission to satisfy the 

torque/power-speed requirements of the human ankle (Fig.1b). In the design, a DC brushed 

motor from Maxon, Inc (RE-40) was used because its peak power output(500 W) is much 

larger than the measured peak power in human ankle during walking ( 350 W). Furthermore, 

it only weighs 0.45 kg and its stall torque and the maximum angular velocity of the motor are 

up to 2.5 Nm and 7580 rpm, respectively [9]. 

II. Structure of Linear DC-BallScrew Actuator in Series with Spring   

The current actuator (Fig.2 ) that used for Ankle–Foot Prosthesis has a DC geared motor  

connected to a ball screw through gear box drives the linear motion. The ball screw nut is 

coupled to the output through die compression spring. 
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���� � ��������� �� ������ �������� �� ������ ���� Spring.    

III. Dynamic Modelling of The Actuator System 

For the purposes of simulation and controller design, it is appropriate to develop a 

mathematical model of the linear motor system. For this reason, a diagram of  the basic linear 

motor with spring in series is given in Figure 2, Hence, the equation of motion for the system 

given : 

                    (1) 

With                                                    (2)       

Where: � ¡ ¢£¤¥¡ ¦¤£§¨¥¡§ ©ª «¬ ­£®£¤¯ � ¡ °¡±¡¤²³ ¡´®¡¤±²³
disturbances;  The load force;  The Damping coefficient of DC Motor;  The Spring 

Stiffness;  The linear displacement of the ball screw nut;  The linear displacement of the 

load;  The total  mass of the load (including the motor thrust block and linear bearings). As 

can be seen, Eq. (1) represents a very basic mathematical model of the linear motor with 

spring in series. The term µ¶·µ¶¸¶¹º¸ »¼¼ ½¾¸º¿µÀ»¹Á¶ ÂÃµÁ¶¸ »Áº¾¹Ä Ã¹ ºÅ¶ ¸Æstem. As some 

of these forces are not strictly external, such as coulomb friction and periodic cogging forces, 

a more accurate model would include additional terms representing the inherent system 

disturbances. However, since all of these factors are seen by the motor as general 

disturbances, it is fair to treat them this way in a basic model. One of the aims of this paper is 

to quantify the inherent disturbances that significantly affect system  performance. From these 

results it would be possible to build a more accurate system model as below:

     

(3)                                  

Where: _ Ç ÈÅ¶ É»¸¸ ÃÂ ºÅ¶ ÉÃÊ¾¹Ä ¹¿ºË _ Ìand  -The motor and ball screw 

inertias respectively;  The pitch of the ball screw; Í   The number of teeth on the 

motor and ball screw gear respectively; ,  The viscous friction coefficients of the nut 

and ball screw respectively; ÈÅ¶ ¼¾¹¶»µ ½¾¸·¼»Á¶É¶¹º ÃÂ ºÅ¶ À»¼¼ ¸Áµ¶Î ¹¿ºÏ
Í  The angular displacements of the motor and ball screw respectively; The 

motor torque; The disturbance forces at the nut; Í  The disturbance torques at 

the motor and ball screw respectively. 

IV. Proposed Control System 
The position based- impedance control and force-tracking  impedance control are 

combined and  adapted to be used in the variable impedance of the ankle-foot prosthetic. The 

desired impedance is defined as the relationship between the load applied force (Ankle foot 

force) »¹½ ºÅ¶ ¼Ã»½ ·Ã¸¾º¾Ã¹ ÐÑ¹Ò¼¶ ÂÃÃº ·Ã¸¾º¾Ã¹Ó Ï Ôº Á»¹ À¶ Ä¾Ê¶¹ »¸Õ

                                       (4) 

Where ¾¸ » ½¶¸¾µ¶½ ÂÃµÁ¶ ºÃ À¶ »··¼¾¶½ ºÃ ºÅ¶ ¼Ã»½Í   are the desired velocity and 

position defined in the Cartesian space, respectively, and »µ¶ ºÅ¶ ¼Ã»½ Ê¶¼ÃÁ¾ºÆ »¹½
position in Cartesian space, respectively. The »µ¶ ºÅ¶ ½¶¸¾µ¶½ ¾¹¶µº¾»Í ¸º¾ÂÂ¹¶¸¸ »¹½
damping for the load. The reference or target load acceleration  is then given by: 

            (5) 
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èéêëê   are the velocity and position errors, respectively. Thus, u 

can be used as the command signal to an inner position control loop in order to drive the robot 

accordingly to the desired position. 

ìíî

Where   and  are the virtual position, velocity and load acceleration, respectively, 

while , , ïëê ïððëñðëòïóê êôêõêöó÷ ñø ùêøòöêù òö ìúî òö óéê ûñö÷óëïòöêù

direction. The contact force ùüëòöý ÷óêïùþÿ÷óïóê ûñöóïûó èòóé óéê ÷üëøïûê ò÷ ýòven 

by:                      (7) 

Considering for simplicity the ground that foot touches it modeled by a linear spring 

with stiffness óéê ûñöóïûó øñëûê ôñïù ò÷ ýò êö �þ�                                                       

(8) 

This leads to the following steady-state position and contact force: 

                 (9)                         ì��î

It is possible to apply a desired force load ñö óéê ÷þ÷óêõ èéòôê ÷òõüôóïöêñü÷ôþ

achieving the desired impedance by estimating the desired virtual position  as:       

                              (11)        

Moreover, when the environment stiffness is unknown, it is also possible to obtain the 

virtual position from , ïöù . In this case, by substitution of òö ì��î óéê øñôôñèòöý

virtual position  is obtained:     

                                                         (12)        

This is valid for contact and non-contact condition. This approach enables the classical 

impedance controller. The block diagram of impedance control with force is presented in 

below figure.  

Fig. 4 Block diagram of impedance control with force. 

1. Simulation Results 

The simulation of overall suggested system, including the linear ball-screw actuator in 

series with spring, posion and force controllers, feedback position and force sensor is shown 

in Fig. 5 , based on this model the sub-system model of linear ball-screw actuator, can be 

built, this sub-system will be used to built another  sub-systems, inverse dynamics model, 

forward kinematics model , model of position an force load contact with ground 
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F��� � ���������!"��#$ %&'()* +&-���&# (&#�'&� &% the system. 

The values of  and �') �#�'&."(). �# �/) F��� � 0/�(/ (&!+"�)- �/) .)sired position 

for the load. The linear actuator with spring that connected to the ankle-foot prosthesis the 

results for the different behaviors of the device can be seen  in Figs. 6(a) to 6(d). Fig. 6(a) 

shows the actuator behaving like a spring of  = 2Ns/mm , and with coefficient damping 

 for position, load force, torque and angular velocity.   The figs. 7(a) to  7(d) show the 

same variables in previous fig. 6 but, when actuator operatized with parameters like a spring 

of  = 30 Ns/m , and with coefficient  damping 1-�! 21&�) �/�� �/) �&�. %&'() /�3)

high fluctuations relative to input desired value  corresponds to the position by low 

fluctuations. In Figure 8(a) to 8(d) can be seen the system approach to optimum satiability 

with parameters like a spring of  = 10 Ns/m , and with coefficient damping  Ns/m. 
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Fig. 6 Control Linear Actuator With Spring 
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Fig. 7 Control Linear Actuator With Spring 
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IJK LMNNOKOPQ RTUVOW X  = 30 Ns/m,  Ns/m] . 
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                        Fig. 8 Control Linear Actuator With Spring For Different Impedances 

Values [ Z [\ ]W^_`  Ns/m] . 

2. Conclusions 

This study has successfully simulated algorithm for force-position controlling an ankle-

foot prosthesis with linear elastic actuator. The ball-screw linear actuator with spring in series 

it is possible to implement the force and impedance control with different impedance 

parameters and achieve performance similar to biological systems. The results indicate that 

this rule system has potential for direct application in micro-processor controlled prosthetics. 

Matlab/Simulink has exhibited utility in modeling the complex nature of human gait, and 

provided a medium for evaluating the functionality of the algorithm. Matlab/Simulink is an 

indispensible tool in computational modeling, and provides great utility in accelerated 

modeling and evaluation of control mechanisms. 
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The design of artificial ventricles for mock circulation loop 

A.O. Porfiryev, A.A. Pugovkin, D.V. Telyshev  

National Research University of Electronic Technology / Department of Biomedical Systems, Moscow, Russia 

Artificial ventricles (AVs) have complex structure and different design [1]. The differences 

consist in the body form and material design, the selection of artificial heart valves and 

variations of the ventricle membrane. At present heart artificial ventricles of the standard 

volumes equal to the average natural stroke volume (72 ml, 80 ml and 120 ml) are 

commercially available [2, 3]. However, ventricular volume can reach 300 ml in the heart 
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stuvwxy z{|}u~u{| ���� �{��yxzutv �|yw�t~uz �� ����] are limited not only by volume, but 

also by artificial valves and ventricle membrane used in the design. Undoubtedly, such AVs 

provide the acceptable hydrodynamic characteristics and they can be used in the mock 

circulation loops (MCLs). The disadvantage of such systems is the inability to increase the 

ventricular volume and to use different artificial heart valves. Therefore, in this work it was 

required to ensure the versatility of the designed artificial ventricles. 

Commercial AVs are intended for intracorporeal or extracorporeal medical use. [8]. These 

ventricles are designed to minimize blood damage and thrombosis, which increases their cost. 

For the artificial ventricles used in the MCL, such parameters are not crucial. 

During out research two prototypes of AV were realized and tested (Figures 1 and 2).    

AV with external heart valves manufactured with accordance to all necessary requirements 

shown on Figure 1a. For the creation of a 3D AV models the CAD computer program was 

used (Solidworks Corp., Waltham, Massachusetts, USA) The body of AV consists of two 

hemispherical parts. Pneumatic part has a hole for a fitting connection with a pneumatic 

control system, and hydraulic part has two holes for cut-in fitting connection with a hydraulic 

circuit of MCL, one hole for connecting the rotary or centrifugal blood pump and one hole for 

connecting a pressure sensor. The body of the prototype model is made of organic glass by 

blowing method with thickness of 3 mm. To connect AV body with artificial heart valves 

special chambers were developed and manufactured. These chambers are shown on Figure 1b. 

The material of the AV membrane is two-component silicone rubber on the platinum catalyst 

(Elastosil RT 620 A/B; Wacker Chemie AG, Munich, Germany). The advantage of this 

material is the ability to make membranes of any thickness under laboratory conditions in 

accordance with the necessary requirements. This material is elastic, strong, transparent and is 

vulcanized at the room temperature. Main characteristics of the material are presented in the 

table. Membrane with thickness of 1 mm was used in tests. 

Fig. 1 Image of AV with external heart valves (�) and special connecting chambers (b). 

Another design of AV is a ventricle with the built-in heart valves. The body made of 

translucent organic glass consists of two parts. The hydraulic part (Fig. 2a) has two holes with 

seats for the artificial heart valves, pneumatic part (Fig. 2b) has a hole for the fitting 

connection to pneumatic control system. The total volume of the ventricle is 100 ml. When 

designing it was considered that inlet valve diameter should be larger, than outlet valve 

diameter since filling of ventricle occurs mostly passively from the low pressure area in a 

definite time. Increase of resistance of the inlet valve with a small diameter can disturb the 

AV function more than outlet valve characteristics mismatch. Additional inserts (Fig. 2d) 

under seats of aortal and mitral valves with a diameter of 23 mm and 25 mm, respectively, 

were designed for this purpose. These inserts protect valves from possible damage when 

��� ���
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¡¢£¤¡£¥¦ ¡§¨ ©£¡¡£¥¦ ª«£¦¬ ­®¯ °¨¤£¦¥¨° ±¥° ²±¥³©±®tured for this AV. Connection of two 

ventricle parts is implemented with 8 screw-nut couples.  

´µ¶· ¸ Image of AV with built-in heart valves: a – hydraulic part, b – pneumatic part, c – 

fittings, d – inserts, e – valves. 

Silicone membrane of two-part silicone Mold Super 10 on the tin catalyst with a thickness 

of 1 mm was made for testing. The main characteristics of the material are presented in the 

table. It was decided to use bileaflet mechanical heart valves (�edEng, Russia). Its distinctive 

feature is the design of the locking element in the form of two symmetrically located semi-

district shutters that fastening to the prosthesis frame by means of hinged connection. 

Advantage of such valves is the lowest profile (among mechanical valves), existence of the 

central bloodflow via the valve, and also elimination of a "small hole zone" that is responsible 

for thrombosis and dysfunction of rotary-disk structures. The diameter of the aortic and mitral 

valves is 21.6 and 23.6 mm, respectively. 

Table. The main characteristics of silicone compounds
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Medos VAD with 80 ml volume was used as an AV reference. The material of the Medos 

VAD individual components (body, membrane, valves) is polyurethane of different hardness 

and elasticity. The direction of flow in a circulation loop through Medos VAD is controlled 

by bulbous artificial tricuspid valves.  

The tests were conducted on the MCL, the hydraulic circuit of which is shown on Figure 3. 

The hydraulic circuit consists of membrane type AV, two closed reservoirs, reproducing the 

parameters of the aorta and vena cava, two ultrasonic flow meters and four pressure sensors. 

All elements of the hydraulic circuit are interconnected by flexible laboratory PVC tubing 

with inner diameter of 12.7 mm (TYGON E-3603; Compagnie de Saint-Gobain, Courbevoie, 

Ile-de-France, France). Distilled water of 3000 ml total volume was used as the fluid in the 

hydraulic circuit. 
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ÏÐÑÒ Ó Schematic of mock circulation loop. VAD, ventricular assist device; PS, pressure 

sensor. 

Control of AV work during tests was carried out by means of the pneumatic control system 

consisting of a servovalve (LRPA4-34-2-B-00; Camozzi, Brescia, Italy), pumps to create 

pressure (K40PSN oilless air pump; M-Technology CO., LTD, Korea) and depression 

(K30PSN oilless air pump; M-Technology CO., LTD, ��
�a) and an electronic control 

system which is based on generation of the control signal which is set by means of the 

ÔÕÖ×ØÙÚÛ ÜÝÞÛ ÙßßàáâÙ×áÕã äÛåÛàÕßæÛã× ÛãåáÚÕãæÛã× çabVIEW; National Instruments 

èÕÚßÕÚÙ×áÕãé êÔ×áãé ÝÛëÙÔé ìíîï Õã ×ÞÛ ßÛÚÔÕãÙà âÕæputer. The control signal of the 

following form was used for testing: 

,      (1) 

where ð ÔáñãÙà Ùæßàá×òäÛé  — function: 

,    (2) 

ØÞÛÚÛ ð ×ÞÛ äòÚÙ×áÕã ÕÖ ×ÞÛ âÙÚäáÙâ âóâàÛô

Figure 4a represents a comparative graph of the ventricular volume the 80 ml Medos VAD, 

90 ml AV with external valves (AV 1) and 100 ml AV with built-in valves (AV 2). The 

differences in the ventricular volume changes are caused by difference between initial 

ventricular volumes. The curve magnitude of the volume change corresponds to the stroke 

volume of the artificial ventricle, which is 54.4 ml for the reference model, AV 1 — 46.0 ml, 

and AV 2 — 52.4 ml. Thus, the developed model with built-in valves provides better 

ventricular volume change in comparison with AV with external valves. The stroke volume 

difference between the reference model and the AV 2 is insignificant, which suggests the 

possibility of using the developed AV in the MCL. 

Figure 4b shows the flow rate through the aortic valve for each of the tested artificial 

ventricles. Average flow rates through the aortic valve were calculated for comparison of 

models. For the reference ventricle this value was 3.2 L/min, for the AV 1 — 2.3 L/min, for 

the AV 2 — 2.5 L/min. The results show that the developed ventricles are able to provide an 

acceptable flow through artificial valves

The hydraulic part of AV 1 provides the sufficient place for holes for fitting connections of 

pressure sensor and the rotary blood pump to a ventricle. AV 2 provides the possibility of 

increasing the volume of the ventricle by means of special spacers between pneumatic and 

hydraulic parts that can increase the volume by 25 ml, 50 ml, 75 ml and 100 ml. 

(b)(a)
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F��� 	 Ventricular volume (�) and aortic valve flow (b). 

The viscous losses across the special connecting chambers can be the reason of the low 

volume changes corresponds to the stroke volume in AV 1. That problem was solved in AV2. 

Developed AV prototypes shown reliable results in compare to Medos VAD and can be used 

in the MCL.     
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Introduction 

Development of the artificial limb control technique, which is most repeating process of 

the operation of lost extremity and is intuitively clear to the patient, is an actual problem of 

prosthetics design. It will help to reduce the time for artificial limb exploitation training and to 

increase the accuracy of movements classification. 

Surface electromyography (sEMG) signals have been used in numerous studies for the 

classification of wrist gestures and implemented in the different prosthetic hands for 

amputees. But it is difficult to determine kinetic parameters because sEMG signals are not 

proportional to the associated movement [1]. It also requires additional signal processing and 

time to obtain useful information [2], which makes impossible anthropomorphic prosthetic 

control. 
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T�� ���  ! "�� #$%�&'()� �#*('+ #( ' "'�,  ! *��"�-es classification and movements 

parameters determination can resolve the designated problems and can form the basis of 

artificial limb anthropomorphous control system. It is possible to draw a conclusion about 

muscle tension and the nature of the realized movement, based on amplitude and a form of 

impedance changes. 

Several researchers including T. Nakamura et al. [3] showed that impedance could be used 

to detect lower limb motion.  

This work is dedicated neuromuscular interface, which is based on electrical impedance 

and sEMG registration together from one electrode system. Analysis of neuromuscular signals 

will implement an anthropomorphic control of the various movement patterns. 

Methods 

The task of this study is to define the grasp degree in real time. The 2-channel impedance 

measurement system was used. The voltage-to-current converter generated AC current levels 

in the lower mA range at frequencies from 50 kHz up to 1 MHz [4].  

Each electrode system consists of 4 electrodes, two current carrying (CC) and two potential 

unit (PU) electrodes.  

Electrode systems were located on the antagonist muscles which provide flexion and 

extension. Impedance was measured together with sEMG from potential unit (PU) electrodes. 

The mechanism of signals forming can be described as follows. We can present the two-

channel impedance signal registered from antagonists muscles on the phase plane with value 

of the impedance from the lower electrode on a horizontal axis (flexor muscle) and with value 

of the impedance from the top electrode on a vertical axis (extensor muscle). Each point of a 

phase portrait characterizes an impedance of system at a certain time (fig. 1). 

./01 2 The 2-channel impedance phase portrait 

There is a relaxation of the top muscles of a forearm (extensor muscle) while the grasp 

movement, therefore reduction of their thickness and increase in an impedance. Contraction 

of the lower muscles of a forearm (flexor muscle) by analogy leads to reduction of an 

impedance. Such condition of system characterizing full grasp will be described on a phase 

portrait by an extreme left point. The state of full opening (the minimum impedance of the top 

muscles and the maximum impedance of the lower muscles) is characterized on a phase 

portrait by an extreme right point. 

Points between two extreme states describe the intermediate position of a hand. Thus, the 

movement from an extreme left point to the extreme right characterizes opening of a hand, 

and the movement from extreme right to an extreme left point – grasping of a hand. The 

intermediate position of the phase portrait point corresponds to an intermediate stage of an 

artificial limb movement. 

Results 

It is found that muscle contraction leads to proportional changing in active and reactive 

impedance components. This is reflected in anti-phase impedance signals behavior from 

antagonist muscles during wrist grasp process. Experimentally established difference between 
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�EGHIJK HLM �GNOHOPNLK IPELHQIR UVJWMHLXW IPELHQI Hre in-phase during wrist rotation process. 

This difference makes it possible to determine wrist grasp and rotation in real time. 

Additional information about nature of the movement can be received in the joint analysis 

of impedance and EMG signals. 

YZ[\ ] Typical impedance and EMG signals during grasp and rotation movements 

The typical impedance and EMG signals are shown in figure 2. 

Conclusion 

The calibration is needed to get an absolute wrist grasp value or rotation angle for each 

individual. Time delay for signal processing does not exceed 120 ms, which makes the 

interface anthropomorphic. Anthropomorphic control significantly increases prosthesis 

usability and reduces required time to learn for disabled person. 

The use of an impedance signal is the perspective direction in a task of an active artificial 

limb control. In further work it is necessary to investigate possibility of distinction of such 

signals as grasp /opening of a hand, the pronation/supination, the flection/extension and 

determine parameters of these movements, and also to study the joint analysis of impedance 

and EMG signals for decrease an error to movements classification. 

References 
[1] Adrian M.J., Cooper J.M., Biomechanics of Human Movement, 2nd Ed., McGraw-Hill, Boston, 1994, pp. 

43-48. 
[2] Koike Y., Kawato M., “Human interface using surface EMG signals”, Trans. Inst. Electr., Infor. and Comm.. 

vol. 2, pp. 363-370, 1996. 
[3] Nakamura, T., Kusuhara, T., and Yamamoto, Y., “Impedance characteristics and data processing for analysis 

of human movement”, Proc. XII Int. Conf. Elect. Bio-Imp., Oslo, Norway, 2001,pp. 641-644. 

[4] S. Grimnes and Ø. G. Martinsen, Bioimpedance and Bioelectricity Basics. San Diego, CA: Academic Press, 

2000. 



^_`abcd e f g_`hiajcdb`^k bglmida^k ijabnb`bim cjoiNS. DIAGNOSTICS AND ANALYSIS IN SURGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

45 

pqqrsrtuvrwtxq yzywrv u{ |u}xuvrwtxq qu}wtus u{ w~r locomotors 

apparatus of the human 

A.V. Grecheneva
1

1. Belgorod National Research University, Belgorod, Russia 

In modern medical systems of goniometric control need to ensure measurement accuracy 

within 1.8%. To improve the accuracy, efficiency and reliability of goniometric 

measurements need to replace the traditional goniometers on the electronic inertial systems, 

based on accelerometers [1]. 

The aim is to create a new approach to achieving high precision goniometric 

measurements, through the development of biomechanical control system of locomotors 

apparatus of man, based on the accelerometer sensor. 

The basic idea of the accelerometric measurement method of articular displacement is to 

expand the operations of vector algebra, used to solve the problem of calculating the 

parameters of angular limb movements, by adding in an algebraic set of trigonometric 

operations calculate the angular variables, obtained by converting the acceleration values for 

each of the axes of the two accelerometers [2]. The vector of complete acceleration a
�

 is 

determined by measuring the four acceleration values in two coordinate systems: ax1, ay1, ax2, 

ay2, obtained with the help of digital accelerometers fixed on the neighboring links 

diagnosable joint (Figure 1). 

���� � The accelerometric method of measuring the angle of rotation

As a result of measurement of acceleration values for each of the accelerometer in the two 

coordinate systems, are obtained at the output of the four signals proportional to the 

acceleration a
�

 of the general point O of the kinematic pair: 

�sin(   );cos(   );sin(   );cos( 22221111 ByyBxxAyyAxx akaakaakaaka ϕϕϕϕ ====
,                   (1) 

where Aϕ  and Bϕ  - the angle between the direction of the acceleration vector of a general 

point O the kinematic pair and measuring systems ),( AA yx
��

 and ),( BB yx
��

the accelerometer 

respectively; 1xk , 1yk
, 2xk , 2yk  - transform coefficients relevant accelerometers. 

Based on the relationships between the components of the vector of linear acceleration, 

when the joint is moving, the accelerometer bias angle BA ϕϕϕ −=  is determined: 

�
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=ϕ                                                (2) 
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�� ���� � � ��� �¡��¢ ¡£¤¢�£�����¡¥� ¥¦ � ¡� �¤¤§¥�ch, there are difficulties of its practical 

application, due to the need for eviction of the arc tangent in the transformation process, 

obtained from the accelerometers of acceleration value, in the angular values. The solution to 

this problem is to use phase metrical method. 

Figure 2 is a block diagram of the construction principle of the accelerometric goniometer, 

which is a part of the measuring path goniometric control system. 

¨©ª« ¬ Phase metric method of measuring the angle of rotation. 

The operating principle of this method is based on the direct conversion of signals from 

two-component accelerometers in phase sine wave. This is accomplished by multiplying of 

the accelerometers signal on the signal of AC source tUU ωsin1 ⋅=   � tUU ωcos2 ⋅=  [3, 4, 5]. 

When adding the signals in the adders and phase detection for link A and link B respectively 

we get:  
)cos()1( 111 KAxA takUkU ϕϕω ++∆+= ,    )cos()1( 222 K�xB takUkU ϕϕω ++∆+= .        (3)          

where ω,U  - the amplitude and frequency of the quadrature signal generator; 
1Kϕ  and 

2Kϕ

the phase mismatch of the measurement branches.  

Since the serial connection circuit of accelerometers is selected, the transform coefficients 

are, respectively: 
1xk =

1yk  and 
2xk =

2yk , hence the phase error measuring branches 
1Kϕ =

2Kϕ =0. 

The output of main phase detector signal is generated proportional to the angle ϕ  of bio 

kinematic pairs without affecting instability coefficients transmitter branches. 

In the digital accelerometric goniometer phase measurement is based on the measurement 

of time intervals (Figure 3). 

¨©ª« ­ The digital signal of accelerometric goniometer. 

In traditional algorithms between samples )(tU ii
 and )(tU 1i1i ++

 used linear approximation 

bktU(t) +=  to describe the actual process in the interval of adjacent samples: 

)tsin(UU(t) m ϕω +⋅= ,                                                         (4) 

where � = 2 f - reference oscillator frequency; ϕ  - measured phase. 
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ÀÁ ÂÃÄÅ ÆÇÅÈ ÂÃÈ ÇÁÉÊÈ ËÌ ÍËÂÇÂÄËÁ ÎÄË ÏÄÁÈÐÇÂÄÆ ÆËuples in the accelerometric goniometer 

is determined by the difference between the measured and the reference signal phases
0U : 
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,                                                 (5) 

where m - the ratio of the oscillator frequency and the sampling frequency, 
df

F
=m . 

In developed accelerometric system of goniometer control can be distinguished the two 

functional parts: the measuring system tract; the unit of data collection and control (Figure 4). 

ÑÒÓÔ Õ Block diagram of the accelerometric system of goniometric control. 

The measuring unit includes a set of goniometers, connected in series. The design of each 

of the goniometer consists of two miniature accelerometers. Each accelerometer is mounted 

on the skin of a patient in the diagnosable joint (joints) by double-sided adhesive tape based 

on silicone.  

The unit of data collection and control is a printed circuit board, placed in a plastic case. 

To him using a wired i2c network connected sensors included in the measuring unit. Also, it 

is equipped with a USB connector and Wi-Fi module for performing data transfer on the PC 

or server. This block carries out processing, and providing information in digital form in real 

time. 

Scalable control unit allows you to connect several different functionally systems in 

block actuators. Depending on the configuration and software such systems can be: the 

executive lever-restrictive mechanisms allowing limited movement of limbs; the compression 

system, to relieve fatigue after exercise; the mechanical support system to help reduce the 

load on the complex musculoskeletal system of man and others. 

Thus, the practical implementation of the system goniometric control based on the 

accelerometer, presented in this article, allow: 

- diagnose all types of joints (knee, elbow, ankle, intervertebral, the joints between the 

phalanges, hip and shoulder, etc.) in any plane of motion (frontal, sagittal and horizontal), 

thanks to the universality and adaptability of the system design; 

- increase the accuracy and sensitivity measurements and stability of the system to the 

operating conditions; 
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è éêëêéêìí îïí ðñòî ñó îïí òôòîíé îïõñö÷ï îïí öòí ñf new techniques for constructing 

goniometric systems based on MEMS accelerometers. 
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Nowadays one of the main problems in orthopedics is damage of knee ligaments. The best 

materials to replace damaged ligaments are autografts. However, their use is limited by 

number of contraindications, as well as their possible physiological remodeling in a long-term 

period. Available artificial implants of knee ligament in their turn have considerable structural 

and biological shortcomings. To improve the properties of synthetic ligaments we proposed to 

use tissue engineering techniques. These methods allow to partially or fully restore the 

physical, mechanical and biological function of damaged or lost organs by stimulating the 

regeneration of three-dimensional tissue structure [1]. Tissue engineering concept is based on 

the creation of artificial tissue-engineering structures (scaffolds) providing cell proliferation 

support and biological tissues growth [2]. It was found that carbon nanotubes (CNTs) 

dispersed in an artificial biological matrix are an promising material for tissue-engineering 

scaffolds creation [3-5]. We have been developing the knee ligament implant with a 

nanocomposite coating, which is a tissue-engineering scaffold based on CNTs. This work 

aims to study the coating biocompatibility with bone cells. 

As a basis for creating the knee ligament implant we used synthetic fiber material in form 

of a seamless tube or strip made of polyethylene terephthalate fibers (PET). The PET has such 

advantages as mechanical and chemical properties to use as a knee ligament implant. 

However, an implant structure is not promote attachment and growth of biological cells, 

which leads to long-term post-operative recovery. 

To improve the structural and biological characteristics of ligament implant we offered 

laser method of tissue-engineering construction forming on implants’ surface. The 

construction or scaffold is based on carbon nanotubes biocompatible nanomaterials. By power 

ultrasonic treatment CNTs are uniformly distributed in the volume of a biocompatible matrix 
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We used in study a single-walled (SWCNTs) and multi-walled (MWCNT) nanotubes, and 

their mass fraction was from 0.1 to 1 g/l. In the first stage of nanomaterial manufacturing, 

CNTs were mixed with disstilled water with a magnetic stirrer and ultrasonic homogenizer. 

The use of these devices has allowed to obtain a homogeneous CNT water dispersion without 

large nanotubes agglomerates, which presence can lead to poor coating properties. Then 

powder BSA, acting as a biological matrix, was added to the dispersion. The mixture was 

stirred using a magnetic stirrer and ultrasonic bath. 

For the formation of tissue-engineering scaffold the aqueous dispersion of CNTs and BSA 

was applied to the synthetic ligaments surface by ultrasonic method, then the sample was 

placed on the installation for laser processing. We used the continuous infrared diode laser 

with a wavelength of 810 nm and an output power from 3 to 5 Wt for samples irradiation. 

Ultrasonic method of nanocarbon dispersion applying provides uniform coating of implant 

surface. The aqueous component of CNTs and BSA dispersion had evaporated during laser 

irradiation, and under the influence of an electric field of directed coherent laser radiation, 

self-organization of nanotubes was carried out. Thus, the carbon nanotube scaffold was 

formed on the surface of artificial knee ligament implant. 

The method of optical microscopy was used to study the proliferative activity of bone cells 

– osteoblasts, incubated on the surface of the nanocarbon scaffold samples. Experimental 

samples were placed in a 24-well plate and were sterilized under UV light for 1 hour. Then, 2 

ml of cell suspension were added to each well. Osteoblast suspension was obtained by 

differentiation of mesenchymal stem cells (MSC) in the culture DMEM medium (modified 

Dulbecco Eagle) supplemented with 10% fetal bovine serum. The plate was placed in the CO
2

atmosphere of incubator at a temperature of 37 ° C. After a certain time, the samples were 

removed from the incubator, and cells fixation on the samples surface was carried out with 

glutaraldehyde solution for microscopic research. 

Images obtained with an optical microscope, allow to study the proliferative activity of 

osteoblasts on the surface of the experimental samples (figure 1). 

a �  !

e " # $

i % & '

Fig.1 Osteoblasts microscopic images on the surface of MWCNTs (a,e,i), 

SWCNTs (b,f,j), BSA (c,g,k) and control (d,h,l) samples after 3 (a-d), 24 (e-h) 

and 72 (i-l) hours of incubation 
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R:;<=>; ;?@A:B >?C> CD>:E F ?@<E; @D GHI<JC>G@HK C=most all cells retain a rounded shape, 

which means that their growth has not started yet. On the BSA-based sample we observed 

significantly fewer cells than on the other samples. The most cells are uniformly distributed 

over the control sample, which may be explained by the absence of cracks and pores on this 

sample. After 24 hours of incubation, there is cell spreading on the sample surface, the cells 

are stretched, getting an oblong shape. In the center of the cell the nucleus can be seen. The 

greatest number of cells observed on a sample of three-dimensional structure based on 

MWCNTs, and the lowest – on the sample based on BSA. 

After 72 hours of incubation, the cells filled large samples surface, their size and number 

increased. However, the distribution of cells on the samples surface is not uniform, which 

may be caused by cracks, pores and other irregularities of the samples. The number of cells in 

experimental samples in each time period is comparable to control and in some areas even 

exceeds it. 

The atomic force microscopic method was used to detailed study of cells structure on the 

samples surface. In comparison with control sample, cells on the nanocomposite coatings 

surface have normal structure without any negative changes (figure 2). 

L M

c N

Fig.2 AFM images of osteoblasts on the surface of SWCNT-based coating (a) in 

comparison with control sample (b) after 48 h of incubation, and on the surface of 

MWCNT-based coating (c) in comparison with control sample (d) after 72 h of 

incubation

Thus, we have been studied osteoblasts proliferative activity on the surface of nanocarbon 

coatings for artificial knee ligaments, which showed absence of effect, inhibited the growth of 

bone cells on the experimental samples surface. Cells proliferative activity and their structure 

on all samples was similar to control samples, and in the later stages of incubation cell 

number was greater than in controls on some nanocomposite coatings areas. The result of the 

experiment can talk about advantages of nano-carbon coating use for knee ligament implants 

to improve the biological cells growth. 
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I. Introduction 

In the development and in vitro mechanical tests of vascular prostheses the important 

aspect is the prediction of elastic and viscoelastic properties of their behaviour in vivo. 

Strength parameters of vascular prostheses vary non-linearly and are highly dependent on 

the applied load [1]. Different methods of measuring the Young's modulus after cyclic preload 

of samples was observed in a large number of papers on the tensile tests of vessels, but none 

of them had studied the effect of the presence of liquid medium and the matching of 

temperature conditions on the results [2,3,4]. Papers on the analysis of the effect of 

temperature conditions, however, should be noted [5,6], but there was no attempt to 

standardize the methodology of biomechanical tests and further advices on testing conditions 

were not formulated. 

In particular, measurement of the elastic properties should be carried out without 

viscoelastic properties, which is achieved by a series of preliminary load tests. During these 

tests, elastic hysteresis is registered to determine when the viscoelastic properties disappear. 

Thus, when comparing the elastic-strength characteristics of the prosthesis, statistically 

significant difference was marked between the values measured in normal conditions and in 

conditions matching the internal environment of the body [1]. The same trend was found in 

the blood vessels when tested in a thermostatic chamber [7]. Thus, the assumption was made 

on the influence of the test environment on measuring the magnitude of the elastic hysteresis. 

Elastic hysteresis is defined as follows: U

U

∆
Ψ =  , where U is the energy of elastic 

deformation. 

During normal behavior of the vascular prosthesis material stresses are considerably below 

the elastic limit. Thus, it is useful to measure the elastic hysteresis. 

This paper studies the influence of temperature and environment on hysteresis of vascular 

prostheses. 

II. Materials and methods 

In the study of the hysteresis of vascular prostheses tests were conducted on a tensile 

testing machine Instron 3365. The preparation of samples was performed as previously 
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��������� ���� ����� ���� ���� ���� �� ¡��¢ £� ¤�¤¥-100 Instron thermostatic bath (Fig. 1, 

left). Saline was used as the liquid medium in the bath (0.9% NaCl isotonic solution) at a 

temperature of 20 and 37 ± 1°C. 

Samples of prostheses in form of double-sided blades, fixed in the jaws, were stretched up 

to the elongation threshold of 3 mm, in which the strain reached 25%. This value corresponds 

to the assumed linear deformation area recorded in the study of elastic properties of a PTFE 

prosthesis [1]. 
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Fig. 1 Testing machine Instron 3365 with thermostatic bath (left), Example of 

elastic hysteresis of prostheses (right). 

Then 10 cycles of load were performed. During the test force and elongation were 

recorded. 

Data processing was performed in Matlab software. During the processing the stress-strain 

relation of the sample was examined. 

III. Results 

During the analysis of the stress-strain relation a sharp change in the slope of the hysteresis 

curve in the 2nd and subsequent cycles was found, which may indicate a transition in the 

plastic deformation zone. (Fig. 1, right) 

Elastic hysteresis values were divided into groups according to the type of vessel, the 

temperature of the test and the number of cycle. 

Compliance of mechanical characteristics with the normal distribution within each group, 

was verified by the Shapiro-Wilk criterion with significance level " = 0,05. In each group, the 

sample did not fit a normal distribution. 

Groups that differed only by the temperature of the test were compared in pairs according 

to the Mann Whitney criterion. Statistically significant difference was found between each 

group of the elastic hysteresis values in each type of prosthesis in each cycle with a 

significance level of 0.05. 

Graphs of elastic hysteresis values of thin- and thick-walled prostheses at different 

temperatures at test to 25% strain are presented in Fig. 2 and 3 
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¹º»¼ ½ Elastic hysteresis values of thick-walled prostheses at different 

temperatures at 25% strain 

Fig. 3 Elastic hysteresis values of thin-walled prostheses at different temperatures 

at 25% strain 

IV. Conclusions 

In this paper we investigated the dependence of the elastic hysteresis of vascular 

prostheses on the temperature, which can fully reflect the behaviour of the material in the 

body. 

There were statistically significant differences between the elastic hysteresis values in 

each test cycle, indicating the substantial dependence of the parameter characterizing the 

viscoelastic properties of the prosthesis on the temperature. Thus, taking into account 

previous results, which show the temperature dependence of other biomechanical prosthesis 

characteristics [1] the need for biomechanical tests in the environment that is maximally close 

to human body is essential. 

Since the graphs showed possible transition to the plastic deformation zone, further 

studies of the prosthesis behaviour in the body include lower loads that will confirm the 

absence of transition to this area. However, we should ensure that the maximum stress in the 

sample is not lower than the stress occurring in the prosthesis at the maximum blood pressure. 
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In the existing medical rehabilitation methods in pathological changes in the functional 

state of the spine key reason for the purpose of rehabilitation procedures is the presence of 

pain syndrome. Pain is the basis for hospitalization, medical appointments actions aimed at 

rehabilitation, and often for the adoption of expert solutions (diagnosis). Therefore, 

indications for rehabilitation assigned to patients that have a partial violation or substantial 

loss of functionality, that is, with the spine pathology with pain syndrome and neurological 

manifestations. In practice, this means carrying out rehabilitation effects only in patients in 

acute and recovery. 

Diseases of the spine accompanied by impaired mobility of vertebral joints. For example, 

in studies carried out on soldiers of the Air Force of the Ministry of Defense of Russia, which 

characterized by a high degree of physical fitness and health requirements of the relevant high 

level was detected in 56% cases the presence of disorders of the spine functions. At the same 

violation of the biomechanics of the spine revealed in 61.3 ± 3.5% of the number of all the 

patients, and in 19% of violations was in the nature from moderate to severe degree. 

For this reason, an important part of solving the problem of diagnosis of spinal diseases 

and their treatment is the development of an automated method goniometric spine control, 

which has high accuracy, sensitivity, which is a simple and accessible method for assessing 

the functionality of the spinal column. 

As a method of goniometry in the automated control system it is proposed to use 

accelerometer method of bending angle measurement for assessing spine configuration and 

range of motion in the sagittal, frontal and horizontal planes [1]. This instrumental method to 

the research of the curvature and mobility of the spine is built on the principle of measuring 

the full acceleration vector of two accelerometers attached to the vertebrae controlled spine 

segments. This goniometric angle 
21 ααα −=  on the basis of relations between the components 
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øù úûü ýüþúøÿ øù úûü o��ü�ÿ �þþüoüÿ�ú�ø� øù úûü ���ne movement and displacement of the 

accelerometers can be determined by formulas: 
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where ax1, ay1, ax2, ay2 - values of acceleration of the accelerometer 1-st accelerometer 2-

dimensional coordinate system, 
1xK ,

1yK ,
2xK ,

2yK  - the transform coefficients of corresponding 

accelerometers. 

In the standard goniometry of the spine are reference points corresponding to the ends of 

the spinouts processes of the S4, L4, C7 and Th7 segments of the vertebrae. 

This method provides a differentiated picture of movements in different parts of the spine. 

At the same time due to the small size and high precision of accelerometer sensor, 

significantly increases system flexibility and reliability of the results (for additional digital 

processing of recorded signals). In addition, this method is passive (does not use additional 

exposure, such as in ultrasound or X-ray method) and has no negative effects on humans. And 

because of the compactness of the accelerometer have the ability to easily connect the 

accelerometer module to the other modules of the system. 

Existing systems control of biomechanics spine only measure kinematic parameters of the 

skeletal system, without taking into account the patient's neurophysiological parameters [2]. 

So process of diagnosis and rehabilitation is slower due to the absence of biofeedback. 

Consequently, when the organization of goniometric spine control, is of great importance the 

study of the central control mechanisms targeted physical activity [3,4]. This aspect is taken 

into account in the design of automated goniometric control system (Figure 1). 

F��� � A generalized structural scheme of the system of spine diagnostics and 

rehabilitation. 
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I������ !�� ��"#$% �� #�  &# '��(#))!�* ��  &# �#+�al network will be entered in the 

database of models, thus, will be formed a statistics and selected the optimal operating 

parameters of the system rehabilitation for patients with a variety of neurophysiological 

features. According to the physiological parameters model of the patient, will be determined 

by the maximum pain thresholds and minimum thresholds of sensitivity upon the 

rehabilitation of the musculoskeletal system. With the help of neural network algorithms and 

algorithms for systems of decision support (DSS) based on database of the measurements, the 

database of the evoked potentials and the diseases database, determined an approximate 

diagnosis of the patient. 

The accelerometer measurement method as a basis for building automated goniometric 

spine control system is used to optimize medical biomechanical research. Also, to achieve the 

optimum operation of the system is possible by forming a recruitment goniometric criteria. 

On this basis, it is necessary to define the criteria of acceptable values that characterize 

established statistical range of physiological fluctuations of parameters bio kinematic rules 

and degrees of functional disorders of the spine (Table 1). 

Table. 1 Range of physiological fluctuations standards and degrees of spinal 

disorders in goniometric studies. 
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where " - angle of inclination of the sacrum, # - angle of inclination of the lower thoracic-

lumbar department, $ - angles of thoracic spine in the free upright posture; bd and bs - angles 

to the vertical in the lower thoracic-lumbar and thoracic parts of the right and left 

respectively. 

These criteria will help to determine the optimal values of the technical parameters of the 

accelerometric goniometer system: sampling frequency accelerometer signal converters 

required sensitivity of the sensor, and others. Also, it will improve the adaptability of the 

mathematical models underlying the accelerometer, goniometer system, and increase the 

reliability of the diagnosis. 
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P>?@AB@?C BDECGDGHA?ABJH JK ALG MGN@>BOGM BH ALBN ?rticle automated biometric system of a 

human spine based on the accelerometer control method, will allow: 

- Without the use of additional effects on the body to diagnose and maintain a constant 

dynamic movement control segments of the spine and musculoskeletal system as a whole in 

real time; 

- Increase the effectiveness of diagnostics and rehabilitation of the spine; 

- Reduce the risk of traumatic and as a consequence the time of rehabilitation, due to 

methodology for assessing and monitoring the permissible degree of bending of the spine, 

vertebral abnormalities in the rehabilitation process and under the influence of physical 

activity; 

- Timely adjustments to the load overload and exclude the risks of traumatic, due to 

optimization of the rehabilitation process on the basis of the patient's physical abilities and 

data of control. 

This work was supported by grant RFBR 16-08-00992 �
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Nowadays intraoperative control of position of an electrode during cochlear 

implantation using X-ray inspection has no systematic approach. Using of various methods of 

radiation diagnostics is hard because of technical difficulties. In particular, using the CT for 

position monitoring of an electrode requires relocation of the patient to the tomograph that 

extends time of the operation and causes receiving higher radiation load by the patient. 

As the object of the research (electrode) can't be located closely to the detector, when 

using an X-ray source with an extensive focal spot only blur images (fig. 1) can be received. 
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defg h ijklm npqerls truvwv nx wvquny zequ l{ ijklm source with extended focal spot: 

 a - contactly, b – with enlarged image; 1- X-ray source, 2 - object, 3 - plane of the 

receiver. 

The usage of the microfocal X-ray source that is giving the chance of receiving the sharp 

enlarged pictures, allows to solve the arising problem. The usage of the digital image receiver 

decreases radiation dose of the patient. [1,2]  

defg | ijklm npqerls truvwv nx tunnqe{f zequ l{ ijkay source with dot focal spot:  

a - contactly, b – with enlarged image; 1- X-ray source, 2 - object, 3 - plane of the 

receiver. 

The purposes of this research were the selection of projection’s options and determination 

of technical requirements of shooting with the microfocal X-ray device RAP100 in case of an 

assessment of position of the cochlear implant’s electrode. 

For the experiment test-objects were prepared, based on the fragment of a human skull and 

a pig’s head with the entered electrodes of the cochlear implant. In the process, used 

electrodes  Digisonic SP manufactured by Neurelek (France). The size of the electrodes' set: 

length – 26 mm, diameter in the base and in an extreme point – 1,07 mm and 0,5 mm, 

distance between electrodes – 0,7 mm. 

The device RAP100 with a diameter of the focal spot less than 50 microns was the X-ray 

source. The CR system with plates with a photostimulated luminophor was the detector. 

The quality of the received images was estimated on the image contrast of a temporal bone 

structures and possibility to visualize the electrode located in a cochlea of a temporal bone 
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���� ��� ������� �� �� ����������  ¡� ¢�¢�� �£� ���lowing regimens were picked up: current of a 

X-ray tube 120 mkA (uA), voltage of 70 kV, exposition time 5 sec. 

During the performance of researches it was revealed that the projections used today in the 

radiographic analysis such as X-ray analysis in a Stenvers X-ray  view [4], X-ray analysis in a 

transorbital X-ray view and others, don't allow to obtain enough diagnostic information. The 

usage of the microfocal X-ray source gives the chance to receive the enlarged pictures with 

satisfactory sharpness (fig. 3) in a transorbital X-ray view. 

a b

Fig. 3. X-ray analysis in a transorbital X-ray view: a -  X-ray film of a skull with 

established electrode, b - the scheme of shooting. 

However contrast of the pictures received in a transorbital X-ray view is insufficient and 

can be increased by making change in scheme of shooting. The usage of a X-ray tube with the 

transition anode allows to enter the hollow anode of a X-ray tube into a mouth of the patient, 

increasing contrast of the X-ray image. In this projection test-object pictures (fig. 4) were 

received, based on the head of a pig with the entered electrode. 

� b 

Fig. 4. X-ray analysis in the offered view (projection):  

a -  X-ray fimage of the pig’s head with established electrode, b - the scheme of 

shooting. 

Conclusion. Application of the microfocal X-ray analysis in the cochlear implantation is 

perspective because gives the chance to receive the sharp images of an electrode that is 

allowing to define its precise location. The shooting method with introduction of the taken-out 

anode into a mouth of the patient allows to achieve essential increase of contrast in 

comparison with traditional projections. 
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S.A. Egorov

Penza State Technological University, pr-d Baydukova 1A Penza, Russia 

ÒÓÔÕÖ× ÓØ Ù ÕÙÚÛÜÙÝ ÞÓÝÚÖÜ ßÝÖÙÕÓÕà ÚáÖ âÝããÔ ãÞ áÛman. According to the World Health 

Organization more than 500 million people in the world there are signs of impaired renal 

function. Particularly difficult situation with renal insufficiency was formed in äÛØØÓÙå

More than half of Russians is subject to bad habits and lead an unhealthy lifestyle that is 

directly related to kidneys ØÚÙÚÛØå æÕ ÓÔÖÕÚÓÞ×ÓÕà ÜÖÕÙÝ ÞÙÓÝÛÜÖ çÙÚÓÖÕÚØ for the whole life ÚÓÖÔ

to an artificial kidney machine. The procedure is performed three times a week on average 

for four hours while the patient is stationary. In addition, the Russian dialysis centers are 

open is not in everyone, even a large settlement. It turns out that the patient can spend the 

whole day to the procedure. These "walk" often cannot afford even physically healthy 

people, what can we say about people living only through regular áÖèãÔÓÙÝ×ØÓØ procedures. 

éÓàå ê ëáÖ ØßáÖèÖ ãÞ ÚáÖ ìèãâÓÝÖ ÔÖíÓßÖ ÞãÜ áÖèãÔÓÙlysis 

Hemodialysis is a mechanical cleansing of blood by diffusion and convection from 

waste, salts and liquids required for patients with kidney sick’s. Hemodialysis is the most 
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c����� ��� �� ����� 	�
��� ����	 �� kidney failure. During hemodialysis removes 

substances found in the blood by diffusion and convection, which depend on the properties 

of the hemodialysis membrane [2]. 

Currently, the Department of "Information Technology and Management in medical 

and biotechnical systems" work is underway to create a mobile device for hemodialysis. It 

is expected that the developed device will have a small weight and size parameters that 

allow its positioning on the belt.  The device will be connected to the patient through a 

catheter, which will lead an active lifestyle. 

The structure of the developed device includes the following main components: a 

dialyzer with blood highways; Hydraulic system comprising a blood pump; electronic 

control unit and  perfusion system. 

The electronic control unit is the brain of the machine, controls the operation of all its 

systems, controls the operation of units and components, monitors all hemodialysis 

parameters. 

Perfusion system provides a controlled continuous or discrete patient blood samples 

(arterial sampling)� its movement through the dialyzer and return the purified blood to the 

patient's body (venous return). Dialyzer removes low molecular weight substances from 

colloidal solutions due to diffusion and osmotic pressure difference on both sides of 

the semipermeable membrane of cellophane. Potassium ions, sodium, calcium, chloride, 

urea molecule, creatinine, ammonia, and other easily penetrate through the pores of 

cellophane. At the same time larger protein molecules, blood cells and bacteries cannot 

overcome the barrier of cellophane. 

Hydraulic system performs the following tasks: preparing a dialysis liquid coming 

from the concentrate and purified water by mixing one part concentrate and 34 parts water; 

It produces vented prepared dialysis fluid to avoid hitting tiny air bubbles in the dialysis 

machine;  It heats the dialysis fluid;  is supplying dialysis fluid tothe dialyzer;   conducting 

ultrafiltration;   withdraws from the dialyzer the dialysis liquid;   conducts internal

disinfection of device before and after hemodialysis [4]. 

This version of the device, of course, will give way to a stationary power, but also 

the tactics of its application is offered completely different. The developed device will have 

a weight of about five kilograms, it will be designed to only personal use, and its 

characteristics will not only provide a more physiologic mode, but also reduce the diet 

restrictions. 
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Human condition under the influence of various environmental factors may deteriorate, 

which is reflected in the results of individual and collective activities. Enhancing Human 

Security in the modern world require, is a system for monitoring physiological status and 

location. Elderly people and those whose activities are connected with extreme physical and 

psychological stress, are potential-telyami require such systems. 

In the Russian context, with the extent of the territory, more distance-s to help high-tech 

centers, the inability to rapidly increase, of their number to deal with, the lack of social 

infrastructure for the devel-opment of quality health services everywhere, life support system 

can become a strategic solution to many social problems. Therefore, optionally-walk distance 

assessment of the functional status of patients at risk and people engaged in extreme 

situations. 

Create a wearable system for continuous remote control personified, Rowan basic human 

vital functions related to the solution of a wide range of technical problems. Universal devices 

for remote medical monitoring are not available, and automatic gauges basic physio-logical 

parameters, received recognition from clinicians unsuitable "O-field conditions." 

A significant obstacle that arise when trying to use to monitor the dynamics of the 

functional state of the human standard meters, is the need to be placed on the body 

sufficiently massive metal detectors, multiple circular electrode and compressing an artery 

cuff. 

Life support systems being developed in the form of a draft instrument com-plex, including 

biometric sensors and software equipment. But-pendent part provides basic physiological 

parameters: bullet-sa; respiratory rate; percent oxygen saturation; mean arterial pressure; skin 

temperature. The system evaluates the parameters of the position and movement of the body 

position, the motor activity and the location (on the GPS and GSM) (Figure 1). 

The system is an undershirt clothes (see Figure 1) with the location-mi therein thermo 

sensor, electrocardiograph, pulsoksimerom, sensors are installed with the possibility of 

contact with the body section control-Rui object (determining skin temperature, heart rate, 

percentage of blood oxygen saturation), and also plethysmograph and an accelerometer, 

inclinometer, (respectively controlling the respiratory rate, body position and activity). 
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FCDE G The composition of the underwear clothing 

The main principle of operation of the data collection and transmission system - it is a 

minimum of user interaction. All communication settings occur automatically. 

For data transmission system uses GSM communication channel. The user must have 

the device (or a simple cell phone) supporting technolo-gies Bluetooth, to ensure the 

collection of data from the biometric system. 

Messenger establishes a connection to a database located on the deleted-SG server via 

GPRS. The server provides access to information User The-telja by means of any internet 

browser 

FCDE H The principle of operation of elements of the system of life support 

Authorization object on the server takes place according to his telephone number. If the 

machine with the number registered in the database, the server will allocate to it a separate 

port for communication. User access to the server via the Internet browser. For 

information, the user must go through the authorization process. Upon successful login the 

user will go to the main page that allows you to view data on the movement and biometric 

information for each point in a given time interval. 

To display the path used Google Map card supported function switch type (map, 

satellite, hybrid) and zoom.You can display data about their movements over a given 

period of time-ne. For each path, use the following information: time with Stu accurately to 



IJKLMNO P Q RJKTULVNOMKIW MRXYUOLIW UVLMZMKMUY NV[UNS. DIAGNOSTICS AND ANALYSIS IN SURGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

64 

a \]^_`abd\] ^e a `fg^bdh ]fij]\ ak^lf `fa mflfmh \he speed of movement; breathing rate; 

position of the body; physical activity (talking, running, standing); temperature; arterial 

pressure; pulse; the percentage of blood oxygen saturation; the battery charge level. 

The novelty of the project is as follows. 

1. Modification of constructive solutions special clothing, a complex-ating means removal 

of the biological specimen data. Combining in modern sensors of various types, are mass-

produced and certified. 

2. Complex technique of monitoring the physiological condition of the person in real-time, 

synchronous processing algorithms and systematize data, and convert them to be transmitted 

through the GPS-channels in points PRIE-ma for analysis and rapid response. 

The developed system has advantages over the existing analogous. 

1. life support system includes measuring instruments physiological and logical parameters 

of the human condition, the TRD-governmental measured data via GPRS and data collection 

server. Arrange transceiver-tion has the ability to automatically transmit and receive files 

from digital data to the server upon the filing and remove power from the instrument, the 

buffer-tion of data in the event of disconnection and automatic data retransmission server to 

verify their integrity. 

2. Hand-held instrument complex is a meter-rate ture, electrocardiograph, pulse oximeter 

sensors are installed with the possibility of contact with the opportunity-sensitive parts of the 

body (which determine skin temperature, heart rate, blood oxygen saturation percentage), as 

well as being a plethysmograph and akselerometr- inclinometer, (respectively controlling the 

respiratory rate, body position and activity). 

3. The instrument is provided with a set of USB port or analog vyho-house, and a 

transceiver module comprises hardware and data storage in a GSM network or Ethernet server 

and wireless data collection module for data from the devices on the hardware module, and 

the wireless Internet -Water data modules are made for Bluetooth networking standard and are 

equipped with an interface for connecting devices. 

Thus, in the article the project biotechnical system life-support in the form of portable 

complex for continuous remote con-trol and the physiological state of a person's location. 
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Introduction. 

Development of the mobile communication technology makes it possible to create compact 

and easily available smartphone based devices that provide real-time control of human 

physiological parameters and also translation of registered data to medical centers where they 

can be reviewed by doctors. The possibility like this is especially important for the cardiac 

patients supervision. As in case of the mobile based devices use, the conditions of 

physiological signals acquisition (first of all ECG) differ much from the conditions typical for 

standard ECG equipment, the task of special ECG processing algorothms development 

becomes urgent. This work is devoted to the description of ECG analysis algorithms complex 

oriented to the use in mobile cardiac monitoring systems. 

Smartphone based cardiac monitor. 

The described algorithmic complex was developed for the use in mobile cardiac monitor 

CardioQVARK [1], based on IPhone series 5/5S or 6. This device represents a portable case 

into which smartphone is inserted. On the rear side of the case two electrodes are placed for 

the ECG acquisition from fingers of both arms that corresponds to the standard ECG lead I. 

ECG signal is acquired with sampling frequency 20000 Hz and 16-bit resolution. Bandwidth 

of the signal is from 0.2 Hz to 5000 Hz. Registered signal is first preprocessed in the 

smartphone and displayed in real-time mode at the screen. Then the signal is decimated to 

1000 Hz and transferred via Internet to the cloud service where additional analysis of the 

signal is implemented and also the ECG and its analysis results are saved in database. The 

data from service are available both to the patient and to the doctor with the use of special 

clients application that can be installed at smartphone, clipboard computer, notebook or 

desktop computer. 

The following main functions of ECG processing and analysis are realized in this system: 

• heart rate control and measuring of RR-intervals (distances between two adjacent 

heartbeats); 

• pacemaker spikes detection (if they are present); 

• cardiac arrhythmia recognition; 

• heart rate variability (HRV) parameters estimation.

ECG analysis algorithms. 

Common structure of the ECG analysis process. 

The algorithms of ECG processing and analysis are distributed between the mobile device 

and the cloud service. The part of the preprocessing procedures that is implemented in the 

real-time mode is realized at the smartphone while most of the ECG analysis algorithms are 
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¿ÀÁ¿ÂÁÃÄÅÃÂÆ ÇÁ ÃÈÂ ¿ÉÀÊÆ ËÂÄÌÇ¿Â ËÀÍÃÎÅÄÂÏ ÐÀ ÇÁ ¿ase of some algorithms modernization, 

most part of the ECG analysis program has to be updated only at the cloud service. 

ECG processing and analysis algorithms realized at the smartphone. 

If a patient has implanted pacemaker, it is very important to use a method of ECG 

acquisition and processing that provides the pacemaker spikes detection and visualization. As 

most of the modern pacemakers use bipolar mode that is characterized by very small 

amplitude of pacemaker spikes (typically about several millivolt and 0.2 -1 ms duration), 

routinely used standard ECG acquisition equipment doesn’t provide reliable detection and 

display of the pacemaker spikes [2, 3]. The use of very high sampling frequency 20000 Hz 

and wide frequency range in the described above mobile ECG monitor permits not only 

detection of the spikes but also estimation of their parameters. 

At the first stage of the spikes detection procedure estimation of the current mean 

amplitude of QRS-complexes is implemented. This mean amplitude is needed for further 

adjusting of some thresholds used in the detection algorithm. The spikes detection procedure 

itself includes the following stages: 

• pacemaker spikes search, based on a criteria of two steep jumps presence separated by 

a plateau having duration between 0.15 and 1.0 ms; 

• estimation of the detected pulse parameters (duration and amplitude);  

• deleting of the spike with the use of linear interpolation; 

• compensation of the signal jump (just after the spike) caused by the pacemaker 

electrodes polarization; this procedure is based upon polynomial approximation. 

The pacemaker spike detection algorithm caused the signal delay 80 ms. Fig. 1 illustrates 

the spike detection process and further signal correction. 

ÑÒÓÔ ÕÔ Illustration of the spike detection algorithm and further signal correction. 

Left plot: a fragment of raw signal containing a pacemaker spike (solid line) and 

polynomial curve used for the polarization jump compensation (descending dotted 

line). Right plot: the same signal fragment after the pulse deleting and the jump 

compensation (solid line). Dotted line shows the detected pulse restored with the 

use of its parameters.  

To prepare the ECG for display on the smartphone screen the signal is filtered by two 

digital filters: notching (removing AC interference) and low-pass (smoothing) filter. If some 

pacemaker spikes were detected, they are inserted in the signal as vertical lines having the 

high equal to the measured amplitude of the spikes (Fig. 2). 
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éêëìí ëîì ïðñòìï óìëìôëñõö ðíõôìó÷íì ëîì ïñøöùú ñï decimated to 1000 Hz with preliminary 

smoothing and then translated to the cloud service in parallel with the detected spikes 

parameters. 

ûüýþ ÿ Raw wide-range ECG signal with sampling frequency 20000 Hz in which 

pacemaker pulses take place (upper plot) and the same signal after the correction 

of the segments containing spikes, smoothing, decimation and restoring of the 

detected pulses (lower plot).

ECG analysis at the cloud service. 

The ECG signal with sampling frequency 1000 Hz transmitted from the smartphone is 

stored in the cloud service database both in original and filtered forms. The signal filtering is 

implemented with the use of comb filter (removing DC component, AC interference and its 

harmonics) and low-pass filter with cutoff frequency about 35 Hz. 

The unfiltered signal with sampling frequency 1000 Hz is used then as an input for the 

further ECG analysis stages [4-7]. First the noise level of the signal is estimated. If the noise 

level is too high, the corresponding ECG fragment is excluded from the further processing. If 

the signal is considered as noiseless, it is filtered by adaptive AC interference filter and 

smoothing filter. After this preliminary filtering the signal is passed through high-pass filter 

with cutoff frequency 5 Hz and differentiating filter to accentuate the signal components 

related to QRS-complex. Absolute values of the obtained signal samples are used as an input 

of QRS detection procedude [4, 5] that represents a logical algorithm based on threshold 

rules. This algorithm is adaptive to the current ECG amplitude and to the mean current heart 

rate. The begining and the end points of each detected QRS-complex are then determined and 

also a reference point used for RR-interval estimation. 

All detected QRS-complexes are grouped into clusters with the use of dynamical 

clusterization algorithm [4, 5] based on the following three indices characterizing the 

complexes similarity:  

• linear decision rule using four QRS features (duration, amplitude, square and shift 

relative to the baseline); 

• correlation based index; 

• spectrum based index. 

Each of the obtained clusters is labeled as “normal”, “pathological” or “indefinite”.  
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RR��������� ������ ��� ������� ��  R! ���"� #������ication are used further for the 

recognition of arrhythmia (premature ventricular beats and premature supraventricular beats). 

Arrhythmia recognition algorithm is based on a set of empirically derived decision rules [4]. 

The cardiac rhythm irregularity analysis including detection of atrial fibrillation is 

implemented by separate algorithm based on graphical representation of some regularities in 

RR-intervals values and order [8]. 

The analysis of HRV is also based on the RR-intervals sequence and the QRS 

classification results. Only the intervals between adjacent “normal” QRS-complexes (so 

called NN-intervals) are used for the HRV parameters estimation. The NN-interval values 

themselves as well as heart rate control function derived from these intervals with the use of 

spline interpolation are used for the HRV parameters calculation. The most widely used HRV 

indices both in time and frequency domains are determined by this procedure [9,10]. 

Results and conclusion 

The pacemaker spikes detection algorithm was tested with the use of real ECGs set 

including 83 recording, each 300 s long. Following pacing modes underwent analysis: AAA 

(n=6), VVI (n=11), DDD (n=66), including biventricular pacing (n=17). Total number of the 

verified pacemaker spikes was 37921. The algorithm correctly detected 37276 spikes (98.3 

%) while showed 531 false positives (1.4 % of the total pulses number). 

Standard arrhythmia database MIT/BIH [11] was used for the QRS-complex detection and 

arrhythmia recognition algorithms testing. QRS detection algorithm showed sensitivity 98.90 

% and specificity 99.88 % while for the ventricular premature beats these indices had values 

87.2 % and 92.1 % correspondingly. 

Atrial fibrillation recognition algorithm was tested with the use of Atrial Fibrillation 

Database [11] and showed sensitivity 93.22 % and specificity 95.57 % [8].  

Today all algorithms presented here are included into the software of mobile cardiac 

monitoring system CardioQVARK. The whole volume of data stored in the system database 

is permanently reviewed in order to reveal ECG analysis mistakes that take place in some 

situations. The results of this review are used for the further enhancement of the algorithms 

quality. 
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Introduction 

The raising self-awareness of health care and analysis of bio vital data is an upcoming 

topic in modern society, the notion and the understanding of stress has also changed in the last 

years. Stress is generally recognised as a factor with negative impact but stress should be 

divided in different categories and should not be seen as the peak of a dramatic event. Stress 

can be caused by the events of a day that elevate activity and require some response. Stress 

also has positive effects, for example, it helps us to estimate faster danger and takes decision 

on escaping or confronting. Stress appeared as a mechanism that allows us to react fast and 

effectively in dangerous situations. Being under stress, a body reorganises the biological 

priorities and functions to reach a maximal performance while in danger [2]. This reaction 

also happens in the daily life when circumstances require fast responses, so as consequence 

the body constantly stays in this mode. Some well-known effects of constant stress are failure 

to respond in an adequate way to fiscal, mental and emotional demands [3, 4, 5, 6] and 

changes of the structure and parts of the brain [7].  

Long-term high stress can lead to medical problems like burnout and cardiac diseases [8, 

9]. It has consequences for the modern society: increasing number of people with limitations 

leads to a growth of treating and healing costs. 

The effects of the physical activities on the body also include change of heart rate (HR), 

blood pressure, etc. As by stress, physical activity effects can be divided in immediate effects, 

like changes in heart rate during physical activity, and those that appear in case of repeated 

physical activity [10].   

In our previous research and during the development of a mobile system for measuring 

stress that uses an ECG signal, heart rate and heart rate variability for calculating stress, we 

had difficulties to distinguish between stress and physical activity. Both stress and physical 

activity have very similar effects like changes in the heart rate, vision, blood pressure, 

secretion of hormones, etc. [7, 11]. Both physical activity and stress, changes the behaviour of 

the heart rate and HRV.         

This paper is focuses on the hypothesis that it is possible to differentiate between stress and 

physical activity by analysing heart rate and HRV and the resulting characteristics. The heart 

rate and the HRV can be simply obtained from a non-invasive mobile ECG. In the following 

section, the methodology and the data collection will be presented, followed by the possible 

options that can be used for differentiation between stress and physical activity. 

Methodology 

The proposed approach of this work consists basically of the measurement and the analysis 

of the data that is measured. The participants will be submitted to an exam with three different 

stages. At the first stage the data will be recorded while the participant is resting (RS). At the 

second stage, the participant will have to do some physical activity while the data is recorded 

(PS). At the third stage, the participant will have to take part in different stress tests (SS).  
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MNOPQT UVWXW UVOWW XUYTWX Z\] ^\ YQ_ \\ UVW `ab YQ_ HR data of the participants will be 

collected and the participants will be under observation. At the first stage the participant will 

have to be resting and relaxing. The data that is collected during RS is important because it 

will be used for comparison with the other datasets. The duration of the RS is 15 minutes. At 

the second stage (PS) the physical activity will be monitored. The participants will have to 

perform different exercises on several difficulty levels using an exercise bike. At the 

beginning is the warm-up, then intense exercise and cool down. Each of these exercise units 

takes 5 minutes. It is important that for the PS the condition of each participant has to be 

taken in consideration. For the SS, we will use different cognitive demands. The stressors 

chosen for SS are the Stroop test [12], the Trier test [13] and arithmetical operations that have 

to be solved in limited time.  

The participants are all students, aged from 18 to 40. None of them is an athlete or smoker. 

For gathering the data the ECG of the Bioharnes 3 from Zephyr is used. To improve the 

contact area and electrical characteristics of the electrodes, an electrode gel is applied.      

Data Analyses / Discussion 

As previous studies have shown, physical activity can be detected wrongly as stress, 

therefore, it is important to find a method to differentiate between them. The approach that is 

presented still has to be evaluated and validated with larger test groups, however first tests 

return convincing results: The method is composed of using two different principles that 

could be used to determinate physical activity. The first option is detection of fast changes in 

the heart rate [10, 14, 15]. These changes are expected to depend on the insensitivity of the 

physical activity. As shown in Fig. 1 where a peak appears and it shifts up the the RR 

intervals at the second 320. Another option that is taken under consideration is the Fourier 

spectrum analysis. The behaviour HF and LF will be analysed. Fig.1 (right part) shows the 

spectrogram.    

       Fig. 1 the (upper) first pair of graphics shows the data of a participant while resting and 

avoiding any physical activity except of walking or standing up. The (lower) second pair of 
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vwxyz{|} }z~�} �z� }x�� yxw�{|{yx�� ���|��{�v x yz�sical activity of 10 minutes. On second 

320 there is a clearly visible jump that marks the period when the physical activity was very 

intensive. 

System overview 

The system is based on a client server architecture. The server handles all the data and 

performs all computation. The client is composed of a mobile sensor that collects the ECG 

signal for calculation. The data can be uploaded manually to the system after the test has 

finished or the ECG module can be constantly connected over Bluetooth with a smartphone or 

PC and an application will upload the data to the server. The advantage of having the ECG 

module constantly connected is that a feedback and observation of the data in real-time mode 

is possible.      

Conclusion  

Physical activity and stress have similar characteristics. For a system that should detect 

stress it is important to be able to differentiate between stress and activity in order to avoid 

false information by false detection. When studying the differences of the participants’ data 

while being under stress, physical activity and resting, it can be shown that the heart rate 

analysis is potentially a powerful method and indicator for detecting physical activity. Also 

the Fourier spectrum analysis could be used to indicate physical activity. To further validate 

this preliminary result, bigger studies with more participants have to be performed. For future 

studies it is also important to consider that the participants should be categorised depending of 

their physical condition.  

The results presented here are preliminary, we will continue analysing the heart rate to 

validate these results.    
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Development of the method for evaluation of the component 

human body composition based on bioimpedance of trunk.

A.D.Efremova
1,2

, D.A.Prilutskiy
2
, N.N. Rybkin

2

1. National research university MIET, Moscow, Russia 

2. Medical computer systems Ltd, Moscow, Russsia 

Bioimpedance analysis (BIA) is effective solution for estimating body composition and 

extracellular and intracellular fluid analysis for diseases detection. Measuring part of the 

method BIA consists of passing through body areas (segments) a low and safe electrical 

current at one or more frequencies, measuring the voltage drop and calculating of full body 

impedance - bioimpedance. Analysis of the bioimpedance is based on an assumption about 

the relationship between the measured values of resistance and the composition of the body 

segments. Essentially BIA body composition is based on differences in conductivity 

constituent of various tissues due to their content of water and electrolytes. The main 

measured components are fat and fat-free mass, skeletal muscle mass and total body fluid. 

The multifrequency BIA allows estimation of the extracellular and intracellular fluids volume, 

and the phase angle. This is based on the property of cells and their membranes, as they do 

not conduct a low-frequency current. Changing any of component can carry serious 

consequences for human health. For example, excess body fat promotes the development of 

diseases such as hypertension, heart disease, diabetes, cancer and others. Moreover, 

maintaining an optimum percentage of water in the body contributes to the normal 

functioning of the body and reduces the risk of many chronic non-infectious diseases [2]. 

The main objective in this work is the development of analytical relationships linking 

the composition of the component model of the human body with the results of the 

measurement of the complex impedance of the trunk. A feature of the work is a way of 

measuring the impedance. 

Typically, BIA used specific four-electrode scheme connection, when two pairs of 

closely placed current and voltage electrodes connect to wrist or ankle. While ECG is 

recorded from the 6 standard leads (I–aVF), using only 4 electrodes from patient's wrists and 

ankles. So, the scheme of BIA electrodes connection was modified. Current electrodes were 

placed to L (left arm) and N (right leg) standard ECG positions and voltage electrodes were 

placed to R (right arm) and L (left leg) standard ECG positions. Using of standard BIA 

scheme doesn’t allow measuring the impedance of trunk accurately, as the body impedance is 

determined by limbs up to 90% and by trunk up to 10% only. Trunk active impedance of 

adults is in range of 15…30 Ohm. In our scheme the cross-sectional area is the central part of 

body. In fact, the impedance is measured in trunk (torso + abdomen) [1]. 



°±²³´µ¶ · ¸ ¹ºµ²±°°´¶» ¼¶½ ¼¶¼¾¿°´° µÀ Á´µÂ±½´²¼¾ ½ATA, SIGNALS AND IMAGESGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

73 

ÃÄÅÆÇÈ ÉÊÇËÌÉÍÎË ÏÎÐÎÄÏÉÑ ÆÇ ÍÑÎ ÒÆÎÓË ÊÒ ÎÔÆÐÍÆÇÈ methods of calculating the body 

composition component by bioimpedance analysis and taking into account the selected circuit 

and method for measuring the body impedance the analytical relationship were developed for 

anthropometric parameters, bioelectric parameters and  body composition components. And 

coefficients were selected empirically. Anthropometric parameters are very important in 

calculation of the component composition, so example ratio length of the trunk relative to 

body length: KL = 29,5 if the body type 1 (asthenia), KL = 31,0 if the body type 2 

(normostenichesky) or KL = 33,5 if the body type 3 (hypersthenic). Trunk weight ratio 

relative to body weight: KW = 43,0. Developed equations with coefficients were realised in 

PC software in the next algorithm by 5 steps: Step 1 - data entry such as sex, age, height, 

weight. Step 2 - measurement of resistance and reactance of 95 points in the range of 5 ... 100 

kHz. Step 3 - the calculation of anthropometric parameters such as body mass index (BMI), 

body length, body weight. Step 4 - Calculation of bioelectric parameters such as impedance at 

a frequency of 50 kHz, and the phase angle. Step 5 - the body composition calculation 

component in a certain sequence. Extracellular fluid (EXF) is computed initially, further the 

total water (TW), intracellular fluid (ICF), fat-free mass and body fat mass are calculated for 

trunk. Used equations for calculation EXF and TW of body trunk: 

ÕÑÎÏÎ ÖÎÉÒ × Ö ØÒÙÚ ÄÇË ÖÍÕ × Ö ØÒÛÜÜÚÝ ÄÇË Ö ØÒÙÚ and R [f100] - body resistance at 

low and high frequencies, respectively, K – selected coefficients, A - full years, G - gender: G 

= 0 if a woman, G = 1 if male. 

According to the proposed scheme of measurement was designed the special four-

electrode PC biomedical amplifier by company Medical computer systems Ltd. The amplifier 

is connected to personal computer via the USB and corresponds safety standards IEC60601-1 

and IEC60601-2-25. PC software application allows to do 3 or 5 minutes records of 6 lead 

ECG for analyze by dispersion mapping (DM) method and analyze the heart rate variability 

(HRV). Further the active and reactive bioimpedance components are measured at 95 points 

in range 5…100 kHz, graphs are plotted and component composition of the human body is 

calculated by developed method. The comparative clinical trials proved that the measured 

impedance and the calculated parameters obtained by developed device generally corresponds 

to the results obtained by popular BIA analyzers ABC-Medass and Diamant-AIST from the 

same volunteers in one time. 47 volunteer patients of different sex and age were tested in 

experimental bioimpedance trials. 

As result, the developed device allow to do a few different examinations at the same 

time due to of using of common electrodes for ECG and BIA so it produces a new possibility 

for more effective and precision medical diagnostic, for example during screening 

examination. Additionally the important advantage of this device is more precision evaluation 

the impedance measurement of vitally important body organs (heart, lung, livers etc), because 

the main measurement segment in this scheme is trunk. 
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ñòóô õô Example of BIA report obtained on developed device, man 20 years old. 
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Introduction 

According to previous research results the basis for the early lesion detection in 

periodontal tissues is visual imaging of the inflammation area by transillumination in the NIR 

wavelength range 650 – 1200 nm [1 – 3]. 

The article is dedicated to the development of the NIR images of periodontal tissues 

processing method for quantitative estimation of periodontal tissues lesion stage.  

  

Materials and methods 

The NIR images of the periodontal tissues contain the areas of the hyperemia and edema 

that are the symptoms of the early lesion stages, attached gingiva and tissue surface (Fig.1).  

Fig. 1 Example of the NIR image of the periodontal tissues: 1 – hyperemia area, 2 – edema area, 3 – 

attached gingiva, 4 – tissue surface 

The probability of the inflammation area visual detection depends on the contrast 

coefficient Ca, defined by the equation: 

Ca=(Imax – Imin)/ (Imax + Imin) (1) 

where Imax is intensity of the epithelium attraction loose pixels, Imin  is intensity of the 

hyperemia area pixels.

There were 36 pairs  of  the visible and NIR images analysed. The visible images were 

registered in the reflected irradiation of the wavelength  range 400..440 nm, 440 ..480 nm, 

480..520 nm, 520..560 nm, 560..640 nm, 640..700 nm. The NIR images were registered in the 

forward scattered irradiation of the wavelength  890±75 nm [2, 3]. 

According to the research results, maximum values of  the inflammation area contrast 

coefficient Ca achieved for the NIR images of the periodontal tissues. 

For the automatic detection of the inflammation areas on the NIR images possibility 

research there was automatic segmentation of the inflammation areas  conducted.  
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· threshold segmentation based on the analysis of the intensity distribution within a 

g@ABC DEBGHIGB J@CKLJ

· watershed lines method 

· building area method 

TMB BODPEQBR LU HMB VWX @PDgBR LU HMB EBG@LKLCHDQ Hissues  segmentation are shown in the 

Fig.2 

YZ[\ ] Examples of the NIR images of the periodontal tissues segmentation

There was segmentation method error � estimated according the equation  

;=|dsm – dsa|/ dsm  (2) 

where dsm  is the manually determined value of the dimension, dsa  is value of the 

dimension, determined after the automatic segmentation. 

According to  the research results, conducted on the 36 NIR images of periodontal tissues 

the segmentation method error � is not more than 0,30.  

Table 1 NIR images of the periodontal tissues segmentation results

segmentation method ^_`bc_def
segmentation

watershed lines 

method

hijefjkl m`bm
method 

error ; 0,30 0,17 0,15 

This result provides the possibility of the automated segmentation use for the automated 

inflammation area detection and thus the automatic periodontal tissues lesion stage 

estimation. 

Conclusions

According to  the research of the visible and NIR images of the periodontal tissues results: 

1. Maximum values of the inflammation area contrast coefficient Ca achieved for the NIR 

images of the periodontal tissues. 

2. The automatic segmentation of the NIR images provides the possibility for the automated  

inflammation area detection and thus the automatic periodontal tissues lesion stage 

estimation. 



npqrsuv w x yzuqpnnsv{ |v} |v|~�nsn u� �su�p}sq|~ }ATA, SIGNALS AND IMAGESGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

77 

���������� 
[1] Kolpakov. �. Infrared Diaphanoscopy of Soft  Tissues in the Mouth Cavity// Proceedings of the 2–nd 

Russian-German Conference on Biomedical Engineering: LETI, St.  Petersburg, 2014.P.144-147 

[2] Kolpakov A.V., Spiridonov I.N., Makarov A.L. The Absorbtion of Optical Radiation by Soft Periodontal 

Tissues Process Research. Science and Education of the Bauman MSTU, 2014, no. 11, pp. 444 – 457. 

DOI:10.7463/1114.0735264 

[3] Kolpakov A.V., Makarov A.L., Spiridonov I.N. Use of an infrared diaphanoscopy method for estimating the 

condition of mouth cavity’s soft tissues in dentistry. Nauka i obrazovanie MGTU im. N.E. Baumana, 2013, no. 

12, pp. 297-306. DOI: 10.7463/1213.0669704

Application of multispectral acousto-optic image processing for 

medical diagnostics 

K.V.Zaichenko, B.S.Gurevich 
State university of aerospace instrumentation, Department of Medical radio electronics, 190000, St.Petersburg, 

Russia 

The multispectral processing of different biological objects images is very common 

and necessary task for medical diagnostics and some adjacent areas. This kind of image 

processing means the polychromic image transformation (preferably in real time mode) into 

the series of monochromic images, each of which corresponds to the certain narrow spectral 

interval. The traditional devices providing such analysis contain a turret of interference filters. 

It allows to select the separate spectral components of the image with rather high selectivity: 

the transmission bandwidth of an interference filter is less than 10 nm. However, the presence 

of mechanically moving parts in this configuration, introduces the serious limitations into the 

processing speed, and the device based on the interference filters turret cannot operate in the 

real time mode. From the other hand, the amount of the selected spectral components is 

defined by the number of interference filter in the turret. These filters are rather expensive 

because they contain many decades layers of different materials deposited one over another. 

The reliability of the devices containing mechanically moving parts is rather low as well. 

The alternative method must contain the possibility to control the wavelength interval 

switching for the sub-images by means of software. It can be performed by using of wide-

aperture acousto-optic tunable filters (AOTF) [1]. This device can be considered as a 

spectrally selective component because it contains running phase diffraction grating (acoustic 

wave) which provides Bragg light diffraction. The light wavelength to be selected, is defined 

by the frequency of electric signal which comes on AOTF’s piezoelectric transducer. In its 

turn, this frequency can be controlled by means of software, and provide the real time mode. 

The AOTF productivity is limited by the acoustic beam velocity, i.e., by the time of acoustic 

beam crossing the light beam aperture.  

As for operation with images of biological objects, the spectrometric device based on 

AOTF, developed by Spanish specialists and intended for the multispectral processing in 

visible and near infrared areas, is of a significant interest [2,3].  For example, by means of the 

newly elaborated device, these authors have found accurately the chlorophyll distribution 

across the Canadian poplar leave as well as across the bean leave processed by herbicide. 

The devices which perform the multispectral processing of biological objects images 

and contain AOTF, can be characterized by the maximum values of spatial and spectral 

information amounts which can be transmitted by the devices. These values are connected 

with the characteristics of Bragg cells, on the basis of which the devices are designed. 

Moreover, the limitations regarding amounts of spectral and spatial information, are mutually 

dependent.  
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���  �¡ ¢� £¤  � ¥¢¦  � §¦¨¢© � ª©«¥ ¡ £¤  ¬¢­¢£ª£¢on of spatial resolving power is 

defined by AOTF ability to transmit images. This ability is caused by wide angular aperture 

formation in AOTF in the conditions of anisotropic Bragg diffraction. As for wide-aperture 

AOTF, its transmission band by light wavelength can be defined as [4] 

)(sin][8,0 2
2

α+θ
λ∂

∆∂
λ−∆

λ
≈δλ i

n
n

l
,           

where α is angle between acoustic wave front in Bragg cell and the crystal optical axis, l – 

Bragg cell spatial aperture, θι − angle of light beam incidence into acoustic beam, ∆n – value 

of the crystal birefringence. It can be found from expression above, that it can be simplified 

significantly if the birefringence dispersion is small enough.  

Spatial resolving power of the pattern transmitted through AOTF can be defined by 

AOTF angular aperture. It can be approximately considered that (according to the commonly 

accepted Raleigh criterion) the total amount of the resolved elements in the pattern is equal to 

relationship between angular aperture of AOTF and angular diffraction divergence of the 

parallel light beam with the same aperture. On a level with that, as it has been shown [5] 

spatial resolving power depends on the same parameters as AOTF transmission bandwidth 

does, which defines the amount of spectral information. It follows from all listed above that 

increasing of the spectral information amount (decreasing of the transmission bandwidth) 

requires the angular aperture decreasing, and, correspondingly, decreasing of the transmitted 

spatial information amount. The problem of the device information optimization is not yet 

solved, and the solution can be expected in near future. 

The experimental implementation of the multispectral processing device is shown in 

figure 1. 

®¯°± ² Schematic configuration of the system intended for multispectral processing of 

the images for the purposes of medical diagnostics 

The light source produces the beam of white light which is expanded to the necessary 

size to illuminate the object. It represents either the part of patient’s body or the tissue mount, 
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ÇÈÉÈÊÇËÊÌ ÍÊ ÎÏÈ ÐËÊÇ ÍÑ ÒÈÇËÓÔÕ ÇËÔÌÊÍÖÎËÓÖ ÎÍ ×È performed. The light reflected from the 

object and scattered by it comes to optical unit which forms the object image. The light beam 

further passes through AOTF and forms a monochrome sub-image of the object in 1
st

diffraction order, in the plane of TV camera. The selected wavelength of this monochrome 

sub-image is defined be the control signal frequency which is formed by electronic driver 

controlled by PC. The signal from the camera comes to PC which demonstrates the sub-image 

in the monitor display together with the value of the selected wavelength. Hence, laboratory 

assistants and doctors can estimate some areas which includes the certain colors. They can 

conclude which areas are in the most danger of the certain disease.  

We have used in our experiments the AOTF (see figure 2) based on tellurium dioxide 

single crystal in which the anisotropic acousto-optic diffraction was performed using the shear 

acoustic wave propagating into approximately [110] crystallographic direction [6]. 

Piezoelectric transducer made with lithium niobate single crystal, was connected to the TeO2

crystal by means of vacuum cold welding. 

ØÙÚ Û AOTF used in the experiments 

We have found that the sub-image spatial resolution of approximately 200x200 

elements is attainable whereas the number of sub-images was about 25…30 in the total 

spectral range of 400…700 nm. Of course, if necessary, the spectral range can be shifted 

either in near UV area or in near IR area. It can be achieved using the same AOTF with 

slightly deteriorated spatial and spectral resolution. 

We express our gratitude to Russian Foundation of Basic Researches for their financial 

support (grant No. 16-07-00533A). 
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A method of analysis of electroencephalograms (EEG) based on wave trains is developed. 

In physics, a wave train (or a wave packet) is a short “burst” or “envelope” of localized wave 

action that travels as a unit. In this paper, we use the “wave train” term to denote a signal 

localized in time, frequency, and space. The wave train is a typical pattern in a background 

EEG and detecting / analyzing such signals gives useful information about the brain activity. 

Alpha spindles (sleep spindles) and beta spindles are the best known examples of the wave 

trains in EEG; several methods based on Fourier spectra, wavelets, autoregressive models, 

adaptive filtering, etc. have been developed for detecting and analyzing these EEG patterns 

(see surveys in [1,2]). 

The idea of our method of EEG analysis is in that we detect and analyze the wave trains in 

a wide frequency band including theta, alpha, beta, and gamma EEG. We detect the wave 

trains as local maxima in a wavelet spectrogram of EEG record and compute various 

attributes of these signals. Then we implement a statistical analysis on the base of these 

attributes. In the paper [3], we have demonstrated that our method reveals a new statistically 

significant regularity in a group of de novo Parkinson's disease patients. Namely, the Mann-

Whitney statistical test indicates a significant decrease of the quantity of the wave trains in the 

C3 and C4 electrodes in the beta frequency range. In this paper, we consider a problem of 

searching such wave train features that are appropriate for recognition / diagnosis of early 

stages and, possibly, a preclinical stage of Parkinson's disease on the base of EEG data. 

F��
 1 An example of a spectrogram of a wave train in a time-frequency domain. The diagram 

on the left shows the spectrogram of the signal in the time plane. The abscissa indicates a time 

and the ordinate indicates a power. The diagram on the right shows the spectrogram of the 

signal in the frequency plane. The abscissa indicates a frequency and the ordinate indicates a 

power. 
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L ! M be a local maximum in a wavelet spectrogram. We consider M as a case of a wave 

train if the half width of M (at half maximum) is greater or equal to the TH threshold in the 

time plane and greater or equal to the FH threshold in the frequency plane (see figure 1). The 

FH threshold is a constant and the TH threshold is a function of the f central frequency of the 

M maximum: 

TH = NP / (2f) , 

where NP is a constant given by an expert. In this paper, we apply the values: NP = 2 and FH = 

1 Hz. 

"#$% & The set of wave trains detected in the group of de novo Parkinson's disease and the 

control group. The abscissa indicates frequencies of the wave trains. The ordinate indicates 

squared amplitudes of the wave trains in a logarithmic scale. The applicate indicates durations 

of the wave trains. The patients are indicated by dark red diamonds and the healthy volunteers 

are indicated by light circles. 

Let us consider a set of wave trains detected in a group of de novo Parkinson's disease 

patients and a control group (see figure 2). The group of patients includes 16 subjects with the 

first stage of Parkinson’s disease receiving no treatment. The group of healthy volunteers 

includes 19 subjects. All patients have a tremor in the right hand. The patients were diagnosed 

according to the standard Hoehn and Yahr scale. All patients and volunteers were right-

handers. EEG was recorded in a non-standard condition [4]. Namely, a subject was instructed 

to keep a special pose to provoke a tremor: the arms were placed on armrests of the chair; the 

palms were straightened, placed in a vertical plane, and stretched a bit; the feet were stretched 

a bit and touched the floor by the heels only. The eyes were closed during the recording. A 

41-channel digital EEG system Neuron-Spectrum-5 (Neurosoft Ltd.) was used for the data 

acquisition. The sampling rate was 500 Hz. The 0.5 Hz high-pass filter and the 50 Hz supply-

line filter were used. Three EEG records were acquired for every subject with interruptions 

for a rest and a relaxation. The duration of every record was about 2 minutes. Then the best of 

three records was selected that contains a minimal number of artifacts. A standard 10x20 EEG 

acquisition schema was used. See [3] for details of the experimental setting, data 

preprocessing, and wavelet analysis. In this paper, the wave trains are considered in the C4 

electrode that is ipsilateral to the tremor hand and contralateral to the no tremor hand. We 

analyze the ipsilateral (“healthy”) hemisphere, but not the contralateral (“ill”) hemisphere, 

because our idea is to use the “healthy” hemisphere as a model for exploration of the 

preclinical period of Parkinson's disease. The wave trains are scattered in a 3D space based on 

the squared amplitude, frequency, and duration of the wave trains. 

Let MinFreq, MaxFreq are frequency bounds of 3D area S (a parallelepiped S) in the space 

of the wave trains. Let MinAmpl, MaxAmpl are amplitude bounds of the area S; and 

MinDurat, MaxDurat are duration bounds of the area S. One can calculate a number of wave 
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t:;<=> ?@: >@AB=C DBA;t@C <= tE@ ;:@; S in every individual patient and healthy volunteer and 

create histograms of the quantity of the wave trains per second (see an example in figure 3). A 

statistical difference between the diagrams may indicate that the area S contains wave trains 

that are typical for Parkinson's disease, but not for the control group, or vice versa. A second 

interesting issue is whether one can specify a threshold (a limit of the number of the wave 

trains in the area S) that separates adequately the histograms, because the presence of such 

threshold means that the quantity of the wave trains in the area S may be used for diagnosis of 

the preclinical period of Parkinson's disease. For instance, there is a strong statistical 

difference between the histograms in the figure 3 (the Mann-Whitney test, p < 0.008). The 

diagram demonstrates that a typical number of the wave trains in the control is 0.4 per second 

and more in the given frequency band. At the same time, a typical number of the wave trains 

in the patients is less than 0.4. 

GHIJ K On the left: histograms of the quantity of the wave trains per second in the patients and 

the control group. The wave trains are considered in a parallelepiped S bounded by the 

following limits: a frequency range is 14-24 Hz, an amplitude range is 1 uV
2
 and more, the 

duration range is 2-4 periods. The patient histogram is indicated by the dark magenta color; 

and the control histogram is indicated by the light cyan color. On the right: a ROC curve 

based on the histograms. The abscissa indicates the False Positive Rate. The ordinate 

indicates the True Positive Rate. The area under the ROC curve (AUC) indicates whether the 

area S is applicable for separation of the patients and the control group. AUC < 0.5 indicates 

that the wave trains quantity is greater in the control group than in the patients. 

Let us consider a threshold Q of the wave trains quantity in the histograms. Let us utilize 

this threshold as an indicator of Parkinson's disease, that is, a quantity of the wave trains per 

second greater than Q in a person N in the given area S will indicate that the person N is 

probably ill. Thus, the True Positive Rate (TPR) indicates the number of the patients that were 

diagnosed properly using the threshold Q; and the False Positive Rate (FPR) is the number of 

the controls that were mistakenly diagnosed as Parkinson's patients. A ROC curve can be 

created based on the histograms of the wave trains quantity, that is, a diagram that indicates a 

relation between the TPR and FPR for various values Q (see figure 3). The area under the 

ROC curve (AUC) is a standard indicator of the quality of the ROC curve; big values of AUC 

(that are much more than 0.5) and small values of AUC (that are much less than 0.5) indicate 

that the given area S may be prospective for making clinical diagnosis. 

Thus, in mathematical terms, the goal of our investigation is searching such areas in the 3D 

space of the wave trains, where AUC differs sufficiently from 0.5 and is approached to 1 or to 

0. AUC > 0.5 indicates that the wave trains quantity is greater in the patients than in the 

controls. Similarly, AUC < 0.5 indicates that the wave trains quantity is greater in the control 

group. An exhaustive search of the values MinFreq, MaxFreq, MinAmpl, MaxAmpl,

MinDurat, and MaxDurat can be implemented to investigate the 3D space, but we prefer an 
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bccdebfg chijklgebfkhi hm lkmmgegif jnkcgj hm fog jpace using various 2D and 3D diagrams not 

to miss any interesting regularities in the space of the wave trains. Several examples of this 

analysis are considered below. 

Let us compute AUC values for various frequency ranges. In figure 4 the functional 

dependence of AUC is shown, where the arguments of the function are the MinFreq and 

MaxFreq bounds. The frequency values varied from 0 to 25 Hz (with the 1 Hz step); the 

MinAmpl, MaxAmpl, MinDurat, and MaxDurat were constant: MinAmpl = 1, MaxAmpl = 

infinity, MinDurat = 0, MaxDurat = infinity. The diagram in figure 4 reveals two interesting 

frequency ranges that may be prospective for research. The first range is alpha or mu (a red 

region) and the second range is beta (a dark blue region). This is a confirmation of the 

regularity (the significant decrease of the wave train number in beta) discovered by a group 

analysis and reported in [3]. Moreover, a “good” value AUC = 0.18 indicates that the beta 

frequency range may be prospective for making clinical diagnosis. The peak in the mu 

frequency range indicates that interesting group differences may exist in this band too, 

however the value AUC = 0.71 indicates that the mu range is unlikely to be useful for making 

diagnosis. 

pqrs u The diagram of the AUC value calculated for various MinFreq and MaxFreq bounds. 

The frequency varied from 0 to 25 Hz with the 1 Hz step. MinAmpl = 1, MaxAmpl = infinity, 

MinDurat = 0, MaxDurat = infinity. Interesting areas in the diagram are indicated by arrows. 

On the left: a 3D view of the diagram; on the right: the top view of the same diagram. 

Let us investigate a MinDurat–MaxDurat slice of the AUC values space (see figure 5). The 

diagram demonstrates that a typical duration of the beta wave trains that are present in the 

control (but are missed in Parkinson's disease) is 2.9-3.6 periods (these bounds are co-

ordinates of a peak in the diagram in figure 5). 

pqrs v The diagram of the AUC value calculated for various MinDurat and MaxDurat bounds. 

Note that the reciprocal values 1/AUC are shown in the diagram to emphasize minima in the 

AUC function. The wave train duration bounds varied from 2 to 5 periods; the step was 0.1.

MinFreq = 14, MaxFreq = 24, MinAmpl = 1, MaxAmpl = infinity. An interesting area in the 

diagram is indicated by the arrow. On the left: a 3D view of the diagram; on the right: the top 

view of the same diagram. 
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��� ����������� ������� �� ��� �������� ���� ������ce that EEG analysis method based on 

the wave trains is prospective for: 1) looking for group regularities in the early stages of 

Parkinson's disease that gives a basic knowledge about the disease and compensatory 

mechanisms in the cortex; 2) for searching EEG features that are prospective for the early 

stages and, possibly, the preclinical period of Parkinson's disease diagnostics. The method is 

implemented in a special software package [5] for analyzing EEG, EMG, and accelerometer 

signals. 

Authors are grateful to Galina D. Kuznetsova and Alexander F. Polupanov for co-operation 

and a help in the research and Yuriy V. Obukhov for a help in the statement of the problem. 
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Breast cancer is the most common cancer in women worldwide, with nearly 1.7 million 

new cases diagnosed in 2012 (second most common cancer overall). This represents about 

12% of all new cancer cases and 25% of all cancers in women [1]. This is due, first of all, late 

diagnosis of this disease, delayed treatment of patients, and the lack of highly sensitive 

methods for establishing early (pre-clinical) stages of mammary gland cancer, insufficiently 

quality of metastases diagnosis in regional lymph nodes. 

The most effective way to increase treatment success and reduce mortality from breast 

cancer is the additional application of non-invasive methods allowing to detect the tumors at 

the earliest stages of tumorigenesis. 

This paper describes the possibility of solving this problem through the use of radar. 

Emitted by the radar electromagnetic wave is scattered and absorbed in the media (breast 

tissue) due to the differences in the dielectric properties between tumors and normal tissues 

[2]. This principle is a base for the radar usage in visualization the breast internal structure. 

The possibility of using this method to determine the dielectric inhomogeneities in the 

breast tissue has been investigated in experiments using breast phantom. It consisted of the 

following materials: adipose and muscular tissues of animal origin. We did not use the breast 
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±²³´µ¶·¸ ¹³¸º» ¶´ ¼º½³µ¾´¿ »Àº µ¶ ¾µ À´¸µ³¹½º ¾´ µ¾me dielectric properties. For the phantom 

proposed in the present paper they remain stable for much longer period in contrast to gelatin 

phantoms. In addition, this type of materials is convenient to create different configurations of 

phantoms, and it allows localization the inclusions at any place and depth (see. Fig. 1). 

ÁÂÃÄ Å The phantom of breast. 

During the experiments two types of phantoms were used: without any inclusion and with 

inclusions. Adipose tissue was placed in a plastic container with dimensions 120x120x55 mm. 

The inclusions in the second phantom were placed as shown on figure 2. 

ÆÇÈÉ Ê Arrangement of the inclusions in the breast model 

Measurement setup for scanning procedure consisted of an antenna, stepper motor 

platform, vector network analyzer and personal computer. During scanning the model was 
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Þßàáâ ßã äåá æçèäéßêÞë ìíîïêáð ñòó ðåßô äåá êáðïçäð of the experiment. Located inclusions 

were marked with a red line. 

õö÷øùúûùüøûý þö÷øùúûùüøûý

Fig. 3 Image of the phantom with inclusions on probing frequency at 6,1 GHz 

õö÷øùúûùüøûý þö÷øùúûùüøûý

Fig. 4 Image of the phantom with inclusions on probing frequency at 5,5 GHz 

õö÷øùúûùüøûý þö÷øùúûùüøûý

Fig. 5 Image of the phantom without inclusions on probing frequency at 6,1 GHz 
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T���� ��� ��������� �� ����� ������  ! ��� ���� ���ect. To solve this problem in the future 

work we plan to conduct experiments with the use of models with larger geometric 

dimensions. 

References 
[1] Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray, 

F. GLOBOCAN 2012 v1.1, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet]. 

Lyon, France: International Agency for Research on Cancer; 2014. Available from: http://globocan.iarc.fr, 

accessed on 16/01/2015 
[2] M. Lazebnik, L. McCartney, D. Popovic, C.B. Watkins, M.J.Lindstrom, J. Harter, S. Sewall, A. Magliocco, 

J.H. Booske, M.Okoniewski, and S.C. Hagness, “A large – scale study of the ultrawideband microwave 

dielectric properties of normal breast tissue obtained from reduction surgeries”, Physics in Medicine and 

Biology, Vol. 52, 2637-2656 (2007). 

Human emotions valency and level change monitoring 

by means of the eeg and speech signals analysis 

N.N. Filatova
1
, K.V. Sidorov

1

1. Tver State Technical University, 22 Afanasy Nikitin Emb., 170026 Tver, Russia 

The problem of human emotions monitoring is important for many areas of human activity 

including medicine. The estimates of patient’s emotional states can be used for phylactic or 

treatment purposes (e.g., when estimating psychomatic, psychomotor and somatovegetal 

disorders; neurosis-like and neurotic syndromes; emotionally affective and depressive 

disorder, etc.). In this context, recently various Russian branch enterprises and companies 

(Speech Technology Center, Medicom MTD, Neurosoft, Neuromatix, RusBITech et al.), as 

well as research and educational companies and institutes (Volgograd State Technical 

University, Southern Federal University, Tomsk Polytechnic University, Moscow State 

Technical University, Institute of Higher Nervous Activity and Neurophysiology of RAS, 

Institute of Control Sciences of RAS et al.) have developed and implemented specific 

software and instrumental complexes, as well as information-measurement systems. The 

systems are focused on human emotions monitoring and diagnostics using biomedical signal 

interpretation recorded in a contact and/or non-contact way using various instrumental 

biosensors. Such technologies, as well as foreign researchers’ developments [1-3] allow 

generating regularity descriptions and forming sets of production rules, which describe human 

emotions according to different components (valence, arousal, dominance et al.) using the 

analysis of biomedical signals [4] (electrophysiological signals (EEG, EMG, ECG, EOG, 

GSR et al.); speech signals; video fragments of facial expressions and postures or gestures; 

biochemical indicators of circulatory and respiratory systems; parameters of typing or 

handwriting, etc.). 

The initial data for customizing and testing developed complexes and systems are 

instrumental signal databases [5-7], that display changes in testees’ emotional states when 

applying various stimulants (audio-visual, gustatory, somatosensory or olfactory). In most 

cases emotions in signal samples, their valence and level are defined based on expert 

estimation. As the processes of human emotianal perception is subjective, databases usually 

include signal samples with strong emotions of testees. 

This paper presents the research results obtained using a bioengineering system "EEG/S" 

[8, 9]. The system is used for examination and monitoring of testees’ emotional reactions 
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c56789: 6cc;<=>78 ?; @6<>;A: B5C:>c6D :?>EAD>F G B>lot model of "EEG/S" system is a software 

and instrumental tool that includes verified and gauged recording and processing means for 

EEG patterns and speech signal samples. "EEG/S" system involves audio auditory, visual and 

olfactory human analyzers and enables parallel recording of biomedical signals (EEG as 

contact recording, speech signals as non-contact recording). 

"EEG/S" system allowed creating a multimodal database (MDB) of emotions, which 

contains accurate samples of two types of biomedical signals recorded with objective 

assurance of changes in testees’ emotional response valence and level. Formed experimental 

sampling of EEG patterns and speech samples were used to create a mathematical model and 

production rules for interpretation of emotional valence and level. 

In order to describe samples of speech signals and EEG patterns the authors use 

characteristics of a reconstructed attractor yn (Takens’ theorem) [10] that is invariant to a 

signal type: 

)�(mN,   s, ..., s),   n, ..., x, x (x y )�(mn�nnn 1101 −−=−== −++ , (1) 

where N is a total number of time series elements (x1, x2, …, xN); � is a time delay between 

time series elements; m is an embedding dimension (Fig. 1, a). 

An optimal value of � (1) corresponds to a temporal value when the autocorrelation 

function B(�) crosses zero mark for the first time. An optimal value of m (1) is defined from a 

perspective of saturation (we use determining values of a correlation integral C(E) and 

correlation dimension D2) [11]. The paper proposes an algorithm for rough estimation of 

attractors’ m-dimensional projections sizes, e.g., when m=3 (Fig. 1, b) and m=2 (Fig. 1, c). 

For all m-projections with four quadrants we calculate a maximum length vector. Based on 

such estimates with all quadrants we determine an average vector for one (i-th) attractor’s 

projection �= =
4

1 maxmax 250 j
i,ji A,A , }xx{A �hh

i,j 22
max max ++= , where xh, xh+� are time series values 

for h-th and h+�-th moments of time; i is a projection number; 3 ,1  =i  (i=1 when xn–xn+�; i=2 

when xn–xn+2�; i=3 when xn+�–xn+2�); j  is a projection quadrant number; 4 ,1  =j . Each 

description of EEG pattern and speech sample is represented as follows [9]: 
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where A(z), B(k) are descriptions of attractor’s characteristics that are reconstructed according 

to speech signals and EEG, respectively; jiA ,
max , i,jBmax  is a maximal vector length of j-th 

quadrant in i-th projection; iAmax , iBmax  is a length of an aggregate vector of i-th projection; z

is a number of speech signal object; 270 ,1  =z ; k is a number of EEG object; 270 ,1  =k ; w is a 

number of EEG lead (the EEG patterns analysis has been carried out in 8 most informative 

leads of the right hemisphere [9]). 

HIJ HKJ HLJ

Fig. 1 Attractor reconstruction. 
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bdefeghfei jkkhflmno ph pde leqkfmrpmhn stu evefw qpeech signal object in A(z) form is 

described by 15 characteristics (Fig. 2, a), every EEG object in B(k) form is described by 120 

characteristics (Fig. 2, b). 

x – negative 

emotions 

(class 1), 

= – neutral state 

(class 2), 

> – positive emotions 

(class 3) 

(a) – a range of A(z) characteristics according to speech signals

The 10-20 System of 

Electrode Placement 

(b) – a range of B(k) characteristics according to 8 EEG leads in the right hemisphere 

Fig. 2 A range of characteristics of A(z) and B(k) descriptions (2) according to the 

classes of emotions.

The obtained characteristic curves (Fig. 2, a and Fig. 2, b) show the lack of linear split 

classes (class 2 and class 3), as well as significant classes intersections (class 1 and class 2) 

according to speech signals and all EEG leads. Description of characteristics (2) is transferred 

into a linguistic scale and are applied to monitor human emotions valence. 

In order to monitor the changes of human emotional reactions level we use a description of 

characteristics for attractor’s trajectory density. In this case every projection (xn–xn+�, xn–xn+2�, 

xn+�–xn+2�) is covered by a regular grid in increments of  =const. Based on a grid model we 

form a density matrix MP (i is a row number; i=1,2,…,N; j is a column number; j=1,2,…,M) 

(Fig. 3, a). We can calculate a density of a certain i,j-cell using the equation Pi,j=(Hi,j+Ki,j)/Si,j, 

where Hi,j is a number of points inside the cell; Ki,j is a number of points at the boundary of 

the cell; Si,j is a cell area; Si,j= 
2
. For central cells of MP matrix are of special interest 

(Fig. 3, b) due to the fact that they can be used for constructing a characteristic curve of sign 

Pi,j (Fig. 3, c). Characteristic curves (Fig. 4, a and Fig. 4, b) show Pi,j density variation of four 

central cells in the matrix MP for corresponding classes of emotions. In order to display cell 

padding uniformity in the matrix MP we introduce an additional characteristic F, which 

describes the number of zero cells of attractor’s projections (Fig. 4, ' and Fig. 4, d). 

Testing of an emotion interpreter from "EEG/S" bioengineering system has been carried 

out in two educational institutions (Tver State Technical University and Tver State Medical 

Academy). Students, postgraduates, teachers and staff members of the institutions were the 

testees. They had age and gender differences (a multimodal database of emotions, MDB). In 

order to estimate interpreter efficiency independently, we tested it using speech samples from 

the German database Emo-DB [6], which presents seven emotion classes. Quantitative 

estimation involves an information bias indicator Q=(Nerror / Nall)*100 %, where Nerror is a 

quantity of incorrectly classified objects; Nall is a total number of objects. As a result, we 

obtain the following information bias values according to emotional valence monitoring: 
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�� Q=8 % for EEG patterns from MDB; 2) Q=5 % for speech samples from MDB; 3) Q=13 % 

for speech samples from the database Emo-DB. 

�P

�

� � �

�

� �1,1 �1,2 �1,M

� �2,1 �2,2 �2,M

� �N,1 �N,2 �N,M

������� �����

Cell 1 

[0.5 M; 0.5 N]

Cell 2 

[0.5 M + i ; 0.5 N]

Cell 3 

[0.5 M; 0.5 N + 
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Fig. 3 Attractor’s density. 
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Fig. 4 The centers of emotional classes for xn–xn+� projection of an attractor. 

To sum up, the research results showed high accuracy of automatic interpretation of human 

emotion valence and level. It determined a concurrence with testees’ self-assessment. It also 

defined correlation with results and facts from foreign independent sources [12, 13]. 

This work is partially supported by the Russian Foundation of Basic Research (project no. 

14-01-00719-�).
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Artificial images for leukocyte classification using convolutionnal 

neural networks
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Blood count is one of the most frequently required analysis that are required by 

physician during their clinical activities [1, 2]. During a complete blood count, thrombocytes 

and other blood cells, including leukocytes are counted. Leukocytes are the immune system’s 

main agent, therefore assessment of their formula is used in the numerous diseases’ 

diagnostics. Both its quantitative and qualitative changes are representative features for 

diagnosis (Fig.1) [2, 3]. 

In order to assess the leukocyte formula, one may make use of flow cytometry methods. 

Those methods are based on the analysis of the leukocytes’ impedance and scattering 

properties. As a results, those apparatuses present the overall leukocyte number for every 

class and as well their relative concentration. However the analysis of leukocyte 

morphological markers using flow cytometry apparatuses is impossible. And if the received 

results are different from haematological norms, a visual confirmation is generally made 

under the microscope [4]. 

Ý b 

Fig. 1 Blood smear images showing morphological markers of (a) mononucleosis and (b) 

HIV [2] 
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ñòó ôóõö÷ø ùóúòöø ûöü ýþööø ûöüùÿþT Tôôóôôùó÷ú �ô úhe blood smear visual exploration 

under a microscope. In order to use this method, one has to prepare a blood smear that will be 

analyzed by a laboratory technician under a microscope. The standard procedure states that 

this analysis take in account a hundred cells [5, 6]. In consequence this method lacks of 

statistical significance. Therefore the development of automatic visual system for blood 

formula assessment is deemed necessary. 

The usual procedure for automatic visual analysis includes several steps such as the 

image quality analysis. [5, 7, 8] Leukocyte detection, in result of which every leukocyte is 

shown in the center of a subimage. Segmentation separates the leukocyte from surrounding 

erythrocyte fragments and background. Segmentation is time consuming and its quality 

difficult to evaluate objectively. It results in separated images of leukocyte nucleus and 

cytoplasm [7, 8]. After segmentation, the process goes onto the evaluation of the feature 

vector that is used for multidimensional logistic regression, thus achieving classification. 

The comparison of the different steps in visual blood smear exploration with its 

automated counterpart yields that two automated steps that are detection and segmentation do 

not find their reflection in visual exploration. Therefore an efficient method for better 

leukocyte classification lays in the development of classificators working without 

segmentation. 

Artificial neurons are simple computation units that evaluate the weighted of their 

inputs. Afterwards artificial neurons apply a given function, usually sigmoid or arctangeant, 

to the weighted sum in order to compute their outputs [9, 10]. 

The use of those computation units in groups, called networks, allows to approximate 

complex function. For instance the approximation of the identity function between the 

networks’ input and output is a very efficient method for dimensionality reduction and input 

description [9, 10]. It requires the definition of the network’s topology and weights. Topology 

is generally left to the experimentator’s choice. The weight definition is usually achieved by 

means of error backpropagation [9]. 

Convolutionnal neurons are a variant on artificial neurons for which the input is not a 

vector but a matrix. The neurons compute a convolution of this matrix with a convolution 

kernel determined beforehand. This allows for the highlighting of feature inside the matrix 

and thus minimize the dimensionality of the input [10, 11]. Since spatially close point output 

similar convolution results, the best results are separated by means maximum pooling neurons 

after the convolution layer. 

The network used for classification consited in three convolution and pooling layer 

pairs to which two identity autoencoders were appended. Convolution layers maintained 

dimensionnality using zero-padding on the images boundaries. The dimensionnality reduction 

was performed in the pooling stages and with the help of restricted bolzmann machine 

inspired autoencoders. In order to add robustness, the first autoencoder was overdefined with 

64 hidden units. The network is illustrated on figure 2. The image database used for training 

and scoring is presented in the table 1. The scoring results are in table 2.  

Fig.2 Network structure 
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����� � � �������� ��� ��!�!�"

 Training Control 

Eosinophiles 18 19 

Lymphocytes 100 185 

Monocytes 24 24 

Neutrophiles 100 233 

Table 2 – Network scoring results 

  Scoring results 

 Number Eosinophiles Lymphocytes Monocytes Neutrophiles 

Eosinophiles 19 3 4 5 7 

Lymphocytes 185 0 172 5 8 

Monocytes 24 1 6 16 1 

Neutrophiles 233 1 9 0 223 

The probability of correct classification was 89,8%. The low classification rates for 

eosinophiles and monocytes are caused by their number in the training sets. Having at hand 

large amounts of data for classification is often a prerequisite for low error rates. Both 

classical database for pattern recognition algorithm control, MNIST and CIFAR-10, both 

consist in more than 50 000 images for training and in 10 000 examples over all class for 

control. Although it is not made clear for the CIFAR-10 database, it is known that the MNIST 

database is partially formed of artificial images that have been skewed, rotated and 

compressed [11, 12]. Thus image distortion and rotation may be used in order to provide 

enough images to form balanced training sets. Figure 3 provides an example of distorted 

images obtained from the same source lymphocyte. However, as shown on figure 3, the 

creation of new images requires the reoccurring visual verification of the database. 

� � �
Fig. 2 Original lymphocyte image (a), mildly distorted image (b), lymphocyte distorted 

beyond recognition (c) 

The leukocyte classification task may be characterized as a completely defined and 

closed classification task. The number of different classes is known and can not be changed 

once the system is trained. Moreover images of blood cells are well available and allow the 

fast creation of decent datasets. Those characteristics of this specific classification task make 

it a perfect candidate for the development of method for open and under-defined classification 

methods. Using the data reduction capability of autoencoders, one can imagine the 

dimensionality reduction to four unlabelled classes. And afterward applying labels to the 

image using an extremely reduced labeled set. 
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W<=> ?@ ABCD@EF ?GF AHI@DB<?A@H E<JKF @I ?GF

FJFe?D@FHeFCG<J@LD<B AH ?GF MA<LH@>A> @I e@LHA?AEF disorders in 

C<?AFH?> pA?G M=>eADeKJ<?@D= FHeFCG<J@C<?G=

E. A. Kizhevatova, V. P. Omelchenko

Rostov State Medical University, Rostov-on-Don, Russia 

NOP QUVX YZ [PU\V OU]P ^PP_ `OU\U`XP\abPc ^[ dacP antroduction of new and significant 

ufg\Uca_g hi XOP UQ\PUc[ j_hd_ iu_`Xah_UQkcaUg_hVXac methods of examination of the brain 

lYmn ogUa_VX XOaV ^U`jg\hu_cq U rPXOhc hi P]UQuUXa_g the brain functioning at its bioelectric 

U`Xa]aX[ s PQP`X\hP_`PfOUQhg\UfO[ tvvwx s OUV _hX Qost its significance. And for the past 80 

[PU\V XOP vvw aV dacPQ[ uVPc a_ \PVPU\`OPV hi caVPUses of nervous system, however, the 

`Qa_a`UQ Vag_aia`U_`P hi VhrP h^VP\]Pc fOP_hrP_U aX continues to be a topic of debate because 

hi XOP `hrfQPyaX[ hi vvw Vag_UQn oV cP]PQhfrP_X hi the software, computer diagnostics, 

UQh_g daXO XOP `h_]P_Xah_UQ rUXOPrUXa`UQ rPXOhcV hi processing of biosignals, promising the 

uVP hi ruQXa]U\aUXP VXUXaVXa`UQ rPXOhcV XOUX UQQhd you to obtain sorted information from the 

XhXUQ cUXU U\\U[n

vU\QaP\ dP OUc UQ\PUc[ ^PP_ `U\\aPc huX VfP`X\UQ U_d discriminant analyses of the EEG 

a_ fUXaP_XV daXO c[V`a\`uQUXh\[ P_`PfOUQhfUXO[ lYkz]. The results of these tests were 

`h_VX\u`XPc U_c VfP`X\UQ hi XOP vvw caV`\ara_U_X iunction, was shown the possibility of using 

vvw VXucaPV UV U_ UccaXah_UQ rPXOhc ih\ XOP PU\Q[ ciagnosis of encephalopathy. The 

`h_cu`XPc \PVPU\`O gU]P ghhc \PVuQXVq UiXP\ dOa`O at became interesting to analyze EEG data 

uVa_g XOP rPXOhc hi ruQXacarP_Vah_UQ V`UQa_gn
NOuVq XOP Uar hi XOaV dh\j aV XOP UffQa`UXah_ hi XOe method of multidimensional scaling 

ih\ XOP U_UQ[VaV hi vvwq U cPrh_VX\UXah_ hi XOP Ufflication of information technology to 
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������� ��� ����������� ����� �� �������� �������� of EEG in the assessment of violations of 

��������� ��������� �� ��������  ��� ¡������������� encephalopathy (DE). 

¢�� ���¡�  �� ���¡����¡ �� ��� £��������� �� ��¡���l and biological physics, Rostov 

����� ��¡���� ¤���������¥ ¦������� ���������� �� ��tients was performed with the help of 

������������ �� ��� £��������� �� ������� ¡������� and neurosurgery, Rostov state medical 

¤���������¥ ¢��� ���¡� �������¡ §¨ ������© �������� with dyscirculatory encephalopathy and 

��� ������� ����� ª������� ��¡���¡����  ������ ����itive impairment). In the group of patients 

 ��� ¡������������� ��������������  ��� «¬  ���� ��d 18 men. The average age of patients 

 ��� ¡������������� �������������� �������¡ §­®« ¯ 2,6 (pC0,95) years. The control group 

��������¡ �� ������� ������� ���¡ ¬°±²³ �����® ��� total headcount was 30 people (16 women 

��¡ «´ ���µ¥
¶����¡��� ·������������ ·���� �������� ª¸��¹�����¡ recording: the relaxed state, the 

��·º��� �� �� � ������� ��������® ���� �����¡ �� ��ened depending on the sample) was carried 

��� �� «§±������� ��������������������� »¼���������-131-03". The electrodes were located 

�����¡��� ������������� ������ »«¨±¬¨»¥ ½����������sly with the EEG signals were removed 

���� ��� ����������¡������ ª¼¦¾µ ��¡ ��������������am (EOG) for further filtering the EEG 

���� ���������¥

£�������� �� ��������� ¡����¡��� ·���¡ �� ��·º�����e complaints of the patient, survey 

�� ��� ���������® ��� ���������� �� ��� �����������l status, the results of psychological testing. 

¿�� �������� ���������� �� ��� ������������� ����� of patients were selected most frequently 

��� ��� ¡����� ��������© ¡�������¡ ���¡® ��À����® ¾eneral weakness, headache, problems, 

�������������  ��� ������® ���·����� �� ����  ��� �he situation, violation of the "Wake-sleep", 

���������� �� ���� ������® ��¡���¡ ������������ �·�lities. 

Á� ��������� ����� �� ��������� ���¡ ��� ����� ��� tests: "5 words"; the Schulte test; a 

���� ����¹ ¡�� ���Â ����±������ ������ �À��������� subjects; reactive and personal anxiety 

½����·��� Ã Ä�����Â Å������ ����� ����������¥
£�������¡ ����� ��� ���·���  �� �����¡ ·� ���¡�����g verbal tests during the removal 

�� ��� ¼¼¾© ��������  ��� � ���������� �������Æ�¡ �yndrome of moderate cognitive disorders 

���¡����¡ ·��¹�����¡ ¼¼¾  ��� ���� ª¿��Ç¼µ ��¡ ����ed (FonCE) eyes (3 minutes), then 

��������¡ � ���·�� �� ����� ��� ���·�� »È��¡»® »Å��ter", "Count", "Extra" and "Plants" with 

���� ���� ��¡ ��� ¼¼¾  �� �����¡�¡¥ ¢�� ���� �� ��� "Word" was that the patient offered to 

���¡ ³  ��¡�® ���� ������ �����  ��¡�® ��� ������� 30 seconds to myself mentally they 

������¡® ��¡ ���� �����¡���¡ �� ��� �������¥ ¢���� were 5 groups of 5 words. Test "Plants" 

 �� ��� ���� ���� ��� �������  �� �������¡ ��� É¨ �econds to name as many plants. Test 

»Å�����»  �� ��� ���� ���� ��� �������  �� �������¡ for 30 seconds to name as many common 

����� �� ��� �������� ������ ª��� ������ �������� �ade researchers). The test “Count” was the 

���� ����  ����� É¨ �����¡� ��� ������� ��¡ ������� mentally to assume (from the 300 you had 

�� ��·����� ²® ��¡ ���� ���� ��� ��������� ���·��� seven and so 30 seconds). Test the "Extra" 

 �� ��� ���� ���� ��� �������  �� ������¡ ³ ������ of 5 words, which one was extra, and this 

�À���  ��¡ ���� ·� �����¡ ª��� �À�����© Á����® ����, banana, orange, tomato). According to 

��·�����¡ ¡���® ��� �À������� �� ����� ����� ������ the activation of intellectual functions, 

���� ��������� ���� ������� �������� �� ·���� ª����ntion, memory, language, thinking, etc.). 

¢�� ·������������ �������� �� ��� ���� �������¡ �� this areas of the brain (frontal and temporal 

���¡�µ® ��  ��� �� ��� �����·����� �����® �����¡��� an integrative activity is a reflection of 

��������� ���������® �����¡��� ������������¥
Á���� ��� ¡��� ��Ê�������� �� ·������������ ������� were processed using MS Excel 2007 

ª¸���� ������� �� �������� ��¡ ������� �� ��� ���� chart, preparation of data for Statistica), 

½��������� §¥¨ ª���¡��� ¡����������� �������� ��¡ �ultidimensional scaling) and specialized 

���� ��� »¼���������» ��� ¬¨«´ �������¥
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Þßàáâßãßäåäæ åäåçèàßà âéêéâà æë ãéæìëíà ëê áçåààßêßcation and analysis is deciding which 

îåâßåïçéà íßàæßäðñßàì òíßàáâßãßäåæéó æôë ëâ ãëâé åâising together (groups), and also helps to 

ßíéäæßêè æìé ãëàæ àßðäßêßáåäæ êåáæëâà åêêéáæßäð ðâëup differentiation. Also using discriminant 

åäåçèàßà æë áëäàæâñáæ íßàáâßãßäåäæ êñäáæßëäà æë êñâther categorize data into groups. 

õááëâíßäð æë æìé âéàñçæà ëê æìé íßàáâßãßäåäæ åäåçèàis it was established that the most 

ßäêëâãåæßîé åäí àßðäßêßáåäæ êëâ æìé íßêêéâéäæßåæßëä of healthy and patients with dyscirculatory 

éäáéöìåçëöåæìè åâé æìé æéàæà ÷øëäùú÷û ÷øëä üú÷û ÷ýçants" and "Words". In addition, in each 

ëê æìéàé æéàæà ìåà ßíéäæßêßéí æìé ãëàæ àßðäßêßáåäæ leads and rhythms. Discriminant function had 

æìé êëâãþ

,                     (1) 

where ", #, $, � – the coefficients, �1, �2, �3, �n – power significant rhythms of significant 

leads, � - constant.  

It was found that for the function test "Plants" the most significant are alpha-, beta - and 

theta-rhythms in frontal derivations, the function test of "Words" (auditory presentation) -

alpha - and beta-rhythms in the frontal, temporal and Central leads, "the Background of Open 

eyes" (Fon OE) − the alpha - and theta-rhythms in the Central and occipital leads, "the 

Background of the Closed eyes" (Fon CE) − alpha - and theta-rhythms in the frontal leads.  

In our study were experimentally obtained ranges of values of functions for patients 

with DE and healthy elderly, which should compare the performance of each patient, which is 

described above diagnostic procedure. 

Table 1. The interval of values of discriminant function for patients with DE and cognitive 

healthy subjects. 

Test Group 

Interval 

Lower 

limit 
Higher limit

Plants 
Healthy 2673,6 2808,7 

Sick DE -2743,1 -2676,6 

Words 
Healthy 479,1 526,4 

Sick DE 261,2 316,6 

Fon Open Eyes 
Healthy 391,4 504,4 

Sick DE 73,7 156,3 

Fon Close Eyes 
Healthy 96,8 168,4 

Sick DE 52,4 91,5 

In the case that the intervals of values of the tests "Plants", "Words", "Fon OE" and 

"Fon CE" in all four cases belong to one group and fall in intervals for patients with TE, the 

test is referred to the group of persons with a chronic ischemia of a brain, if in the intervals, 

obtained during examination of the control group – the group of healthy individuals, if any of 

these conditions – to a group of persons with cognitive disorders of different origin. 

Multidimensional scaling and discriminant analysis, refers to methods of classification 

and analysis methods of simplifying geometric data structures. Multidimensional scaling is 

often viewed as an alternative to factor analysis, which is achieved by reducing the number of 

variables, by separating the latent factors that explain the links between the observed 

variables. The goal of multidimensional scaling is the search for and interpretation of latent 

variables, giving the opportunity to explain similarities between objects. Multidimensional 
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s������ �s ��� ������ � ��������� !�� ���"�� �"� #ay the most efficient placement of objects 

observed approximately preserving the distance between them. 

As � ��s��� �$ �"� �����s�s �$ �"� %%& ���� �$ �"� subjects by the method of 

����������s����� s������ �"� $����#��� ������s���sm the most significant for the classification 

#��� �"� ��s�s w'��(%w w'��)%w w*����sw ��� w)���t". When comparing all 16 EEG 

����d�����s �� ��s�s w'��(%w w'��)%w w*����sw ��� "Count" in healthy individuals there is a 

���d������� �$ �"� s������ ����������s �$ ���������nsional scaling (MPs) in almost all tests. 

I� s��� ��s�s �"��� �s � ��$$������ !��#��� �"� ��st “Count”, or test "Plants".  

I� �������s #��" ��s����������� �����"������"� �"��e is no coincidence of points, 

�"��������c��� �"� s���������s !������������ ����d�ty of the brain while performing tests 

w'��(%w w'��)%w w*����sw ��� w)����w+ ,"� $�����s below show examples of application 

�$ ���"�� �$ ����������s����� s������ $�� ��s�s ww'onOE", "FonCE", "Plants" and "Count" 

$�� ����d�����s ,f ,- ,. ��� ,/+

'��+ F 0 1���2�� �������� d�����s �� �#�0�����s����l space of the EEG tests of healthy 

w'��(%w w'��)%w w*����sw ��� w)����w 3�!������� ,3-A1, T4-A2, T5-A1, T6-A2) 

'��+ 4 0 5������s �$ �������� �$ d�����s �� �#�0���ensional space of the EEG of 

�������s #��" ��s����������� �����"������"� �� ��s�s "FonOE", "FonCE", "Plants" and 

w)����w 3�!������� ,f0AF ,-0A4 ,.0AF ,/0A46

,"�s #� ��� �������� �"�� $�� "����"� s�!T���s �� almost all tests there is a match or the 

���s� �������� �$ �"� s������ ����������s �$ ������imensional scaling. For patients with 

��s����������� �����"������"� ����� �"� ����������� of the coordinates is missing, however 

�� s��� ��s�s �������� ���� �� � ����� ������ �� s�me tests. The use of the method of 

����������s����� s������ �� �"� ������s�s �$ ��s���culatory encephalopathy allows the 

�����s�s �$ �"� �������as ��������� ���d���s �� ��portunity to identify the extent of the 

��s��s�+
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Using Morlet wavelet in BCI applications for identification P300 

component. 
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1. Bauman Moscow State Technical University, Moscow, Russia 

2. Krasnogorskiy Optical-Mechanical zavod im. S. A. Zvereva, Krasnogorsk, Russia 

Brain computer interface (BCI) is a modern technology, which allows controlling an 

external device through signal of brain, for example EEG [1-3]. Non-invasive BCI can also be 

divided depending on the using signal for different research – EEG, magnetoencephalography 

(MEG), functional magnetic resonance imaging (fMRI), near-infrared spectroscopy (NIRS), 

transcranial Doppler (TCD) ultrasonography etc. 

The purpose of this research is to estimate the accuracy of P300 detection using Morlet 

wavelet for BCI-EEG applications. One of the most important BCI-P300 problems is the 

relation between time delay for the signal accumulation and accuracy of identification the 

current command [4]. The solution of this task can be applied by different methods of 

filtration and extraction features of signal, for example evaluation of P300 amplitude or area. 

The EEG recording carried with the electroencephalograph «Neuron-Spectrum-5» with 32 

EEG channels. The EEG signal was filtered by high-pass filter with cut of frequency   0.5 Hz   

and low-pass filter with cut of frequency 35 Hz. The notch filter has been used with 50 Hz 

and sampling frequency of 500 Hz.  The evaluation of cross-correlation filtered EEG signal 

and certain template, which is similar to EEG pattern in visual P300-paradigm, has been 

proposed. Morlet wavelet was selected as the template.  The figure 1 shows the EEG signal 

averaging of 73 times (number of relevant stimuli in photostimulation) in derivation Pz and 

cross-correlation function of it with wavelet. 

������ �������� �� ����������� ��   ¡��¢ �������£ �emplate. 1 – graph of averaging EEG 

signal, 2 – cross-correlation function of it and Morlet wavelet. 



¤¥¦§¨©ª « ¬ ­®©¦¥¤¤¨ª¯ °ª± °ª°²³¤¨¤ ©´ µ¨©¶¥±¨¦°² ±ATA, SIGNALS AND IMAGESGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

99 

·¸¹º»¸¼¹½¾¸¼¿ ÀÁÂÃÁ ÄÅÄ¹ºÆ Ç½¹È ½ÉÄ½¿¼¹º»¼¿ ¼Ê»¼¿ ºlectrodes was used in experiments. 

Derivations Pz, Cz, Fz,[2] Fpz for extraction P300 was considered. Simple threshold function 

was used for classification in time interval from 250 msec after the beginning of stimulation 

to 500 msec (the end of epoch). If correlation more than determine threshold, which was 

selected in a range of max correlation in EEG record (0.6) to weak correlation (0.1), then 

corresponding to EEG stimulus are considered as relevant.  

Two experiments conducted with various conditions of photostimulation. Stimuli were 

generated with frequency 2 Hz and time duration – 40 msec. In the first experiment the 

probability of appearance relevant stimuli was 10%. In the second experiment the dynamic 

probability of appearance target stimulus was used. First two stimuli always were non-target, 

further probability of appearance target stimuli increase on 10% for each subsequent. Thus, 

probability of 4-th stimulus as target is 20% in series and 8-th is 60%. Next stimulus can be 

target with 10% more probability, after this stimulus new series begins with 2 non-target 

stimuli. Thus, set series of stimulation was formed with time interval between the target 

stimulus in 0.5 sec (two target stimuli are nearby), if between relevant stimuli 2 and more 

irrelevant stimuli, then more 1.5 sec but less 6 sec. So, the influence expectation relevant 

stimulus on P300 amplitude was determined [5].  

In first experiment the accuracy is 15-25% with 3-4 averaging, if 8 averaging, then 

maximum of accuracy is about 50%. For 10 averaging maximum of accuracy is 67% in range 

at 0.375 to 0.35 value of threshold. 

In second experiment for 3-4 averaging the accuracy of classification stimuli is 20-

30%. Results for 10 averaging of signal in Pz derivation are presents in fig.2. The graph 

shown that maximum of accuracy discrimination stimuli is in a range of 0.3 to 0.225 value of 

threshold. If the number of averaging increases to 12, then accuracy is 100% (at 0.28 to 0.26 

value of correlation), for 20 averaging accuracy is 100% in more widely range of correlation 

threshold at 0.3 to 0.22. Problem of selection threshold can be solved with using algorithm of 

classification such as linear discriminant analysis, vector support machine and artificial neural 

networks [2-4]. 

Ë½ÌÍÃÍ ÎºÉº¸Ïº¸Ðº ¾Ñ Ò¼¿Êº Ð¿¼ÄÄ½Ñ½Ð¼¹½¾¸ ¹¼»Ìº¹Ä Ätimuli at the threshold value. 1 – accuracy, 

2 – specificity, 3 – sensitivity. 
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Definition of a herniated disc based on the measurement of 

electrical impedance signal.  

Blinow A.A.
1
, Shchukin S.I.

1

1. Bauman Moscow State Technical University, Moscow, Russia 

The aim of this study is to determine the changes in the impedance of the biological 

tissue in the area of the damaged intervertebral disc. One of the main problems of the spine 

diagnostics is the impossibility in measurement of the base impedance, it is caused by a set of 

factors: the wettability of the electrodes, the high arrangement depth of the intervertebral 

discs, a human factor arising in the process of positioning the assembly. These factors do not 

allow to conclude that the value of the base value of the impedance with repeated application 

of the electrode assembly in the region of interest will be the same. Method for determining 

the impedance of the pulse, muscle tissue, located in the area of pathology can be used to 

solve this problem. [3]. 

Measurement of biological tissue impedance can be concluded to restructurization of 

biological tissue. This article consists the result of measuring the impedance of the biological 

tissue in the lumbosacral spine. 

The aim of this study is to determine the changes in the impedance of the biological 

tissue in the area of the damaged intervertebral disc. One of the main problems of the spine 

diagnostics is the impossibility in measurement of the base impedance, it is caused by a set of 

factors: the wettability of the electrodes, the high arrangement depth of the intervertebral 

discs, a human factor arising in the process of positioning the assembly. These factors do not 

allow to conclude that the value of the base value of the impedance with repeated application 

of the electrode assembly in the region of interest will be the same. Method for determining 

the impedance of the pulse, muscle tissue, located in the area of pathology can be used to 

solve this problem. [3]. 

To confirm this hypothesis, the following experiment was conducted: On the human spine 

have been attached electrodes size 60-30mm, where 60 is the distance between the current 

electrodes, and 30 is the distance between the potential electrodes [2]. After that happened, 

pulse impedance values had been measured. The electrode assembly was imposed in two 

ways: 

1)The electrode assembly is along the line of the spine at a distance of 10 mm from the axis of 

the spine, measurements were made in increments of 5 mm with assembly motion parallel to 

the axis of the spine from the neck to the waist; 

2)The electrode assembly was placed across the spine, the center electrode assembly 

coincides with the axis of the spine, the measurements were performed with a 5 mm pitch 

when driving assembly axis parallel to the spine from the neck to the waist; 

Measurements were carried out on two volunteers, one of whom was a patient with a 

herniated disc L0 / L1. As a result of measuring the presence of a herniated disc in a patient, it 

was confirmed patient with an accuracy of 5 mm (fig 1). 
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F��
�
 ��� ������ ����� ��������� �� ������ �������dinal overlay electrode assembly 

As a result, the measurement was made up of pulse impedance map for each of the two 

methods of imposing electrode assembly (Figure 2). 

F����� �
 ��� � ��� ������� �� ����� ���������  �� (b) and longitudinal (a) cross-

electrode application 

On the map, the pulse impedance perpendicular to overlay the electrode assembly in the field 

of hernia found falling impedance of 10 milliohms; 

On the map, the pulse impedance for longitudinal overlay of the electrode assembly in the 



!"#$%&' ( ) *+&#"!!%', -'. -'-/0!%! &1 2%&3".%#-/ .ATA, SIGNALS AND IMAGESGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

102 

f4567 8f 95:;4< f8=;7 f<664;> 4?@57<;A5 8f BC ?4664ohms; 
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Determining committed action type by dual-channel phase 

rheogram portrait for bioelectric forearm prosthetics.  
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I. Introduction 

The determination of the kind of movement is a key task in modern bioelectric prosthetic 

forearm design. Control performed type of movement is required in any prosthetic actions and 

is necessary to augment the number of movements types. 

The main currently disadvantage of using bioelectric prosthesis is the complexity of 

operation. Most modern forearm prostheses are controlling by surface electromyogram signal 

that represents the sum of muscles bioelectric activity. The drawback of this method is the 

complexity of EMG signal interpretation, related to the nature of the interference signal. 

Having motion recognition sometimes is difficult because the number of electrode systems 

are often limited. 

In this paper was offered alternative bioelectric prosthetic forearm control method, which 

is based not only on the EMG signals, but also on rheogram. Adding another control signal 

allows to determine the type of motion and strength more accurately. 

This control method of joint registration and interpretation EMG and rheogram will 

implement a forearm bioelectric prosthesis management system with fundamentally new 

features and functionality (compared with traditional management systems, which are based 

only on an analysis of EMG signals). As in modern prostheses in experiments were used only 

two electrode systems on opposite sides of the stump. 

The task of this study is to determine the committed movement (tong, grabbing, rotation) 

when two electrodes systems at the location on the muscle-antagonists are used and 

rheography signal is recorded. 

II. Research 

A. Method 

Rheography signals represent the current level and changes of the impedance of the 

biological object. The value of tissue impedance |Z| consists of two components: 

|Z|=|Zo|+|Z(t)|, constant - |Zo| and changing over time function - |z(t)|. To measure the 

instantaneous impedance value high frequency AC current passing through the biological 

object and the voltage drop is recording on the area. [6,7] In experiments was used alternating 

current with amplitude 1 mA and frequency 100 kHz. 



ghijklm n o pqlihggkmr smt smsuvgkg lw xklyhtkisu tATA, SIGNALS AND IMAGESGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

103 

z{|} ~����| ��}������ ��� �~�|��}�| �|���|� ��| �� the physics of the process. If we 

imagine the muscle as conductor with cylindrical shape, in accordance with the formula 

resistance is directly proportional to length and inversely proportional to transverse section. In 

addition, while muscle contracts the width of the electrode-skin-muscle transition decreases. 

It explains the impedance change. [6,7] 

Thus, impedance changes describe the degree of muscle tension, as well as the nature of 

the implemented movement. 

B. Experiment 

For the purposes of registration control signals researches have been conducted on male 

and female volunteers. 

The electrode systems were set in accordance with the places for recording control signals 

that are used in modern bioelectric forearm prosthetic. In the experiments two-channel 

recording system was used. Electrodes were placed on antagonist’s muscles - flexor muscles 

and extensor muscles of fingers. Example electrode systems placement shown in figure 1. 

���� � Electrode systems placement.

As an electrode system were used reusable electrodes arranged according tetrapolar 

exhaust system (two current electrodes on the edges and two measuring electrodes in the 

middle), spaced apart by a distance of 10 mm. Such system can reduce the polarization effect. 

Fig. 2 View of electrode system.
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The volunteers performed hand movements: tong, grabbing and rotation with power and 

in relaxed ways. 

The signals were recorded simultaneously from two channels with a sampling frequency 

of 1 kHz. The surface of the skin under the electrode systems has been pre-treated with a 

scrub, the electrodes were lubricated by electrode contact substance. 

Signals have been processed; the network disturbance has been removed. 

C. Results 

By now, it is difficult to find examples of the analysis of various signal parameters for 

controlling the bioelectric forearm prosthesis in the literature about rheography, but 

impedance changes in big muscles or muscle groups were considered. [1,2,4,5,9,10] 

However, in the published literature was used an unacceptable number of channels for 

accurately and quickly determination of action type. 

When you release tong flexor muscles, which are located on the rear side of the forearm, 

contracts, this lead to impedance decrease. When you release grabbing flexor muscles relaxes, 

the impedance increases.  

For the extensor muscles (they are antagonists muscles), which are located on the outer 

side of the forearm, the situation is reversed. Thus, the upper and lower channel signals at 

grasping and grabbing follow in antiphase.  

When brush rotation was registered, it was observed that rheogram signals, unlike the 

gripper-grabbing situation, followed in phase. It can also explain the movements physiology. 

In our method, to distinguish this kind of movement is supposed to use a special way. The 

recorded two-channel rheogram signal from antagonistic muscles should be submitted to the 

phase plane: the horizontal axis plotted values of the lower electrode impedance, on vertical 

axis plotted values of the upper electrode impedance values. Thus, each point of the phase 

portrait characterizes the impedance at each point. According to the movement pattern of the 

point the kind of action could be determined. Patterns of movement are shown in figure 3.

¢£¤¥ ¦ Dual Channel rheogram during tong-grabbing and brush rotation (left) and 

phase portrait (right), where Reo1 – first channel rheogram, Reo2 – second 

channel rheogram.

Brush actions can be approximated by the defined lines which are perpendicular to each 

other. "Full tong" system condition characterized by the left point of the tong-grabbing line. 

The state of "full release" is characterized by extreme right point of the tong-grabbing line. 
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º»¼½¾¿À¼½ ¾½Á »¼¿¾¿À¼½ ÀÂ ÁÃ¿Ã»ÄÀ½ÃÁ ÅÆ ¿ÇÃ ÃÈ¿»ÃÄÃ points on the pronation line. Thus, using 

the pattern of movement type of natural action can be determined. 

To describe the degree of tong-grabbing and rotation of the brush, special parameter could 

be offered. When phase portrait point position changes along the lines parameter values will 

be between -1 and 1, where 0 - relaxed state of the brush, -1 - grabbing (supination), 1 - tong 

(pronation). The intermediate position of the phase portrait point will correspond to an 

intermediate stage of action. Positions of extreme points will be determined by the first 

calibration run. 

III. Conclusions 

From this study, we can conclude that the most accurate method of determining the action 

type with a force analysis is based on the joint registration of EMG and rheogram. By dint of 

electromyogram of the power of contraction could be analyzed [3] and kind of action could be 

analyzed by rheogram. 

The proposed method for determining the type of movement by the dual-channel phase 

rheogram porter is an informative and a new real time method with low time delay and can be 

used in modern bioelectric prosthetic forearm control systems. 
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The influence analysis of geophysical factors on the people’s 

morbility standart and road-transport incidents  

L. Grunskaya.,  I.Leshchev,  M.Makarova,  I.Snigina  

Vladimir State University named after Alexander and Nikolay Stoletovs,Vladimir, Russia 

The system of multichannel synchronic monitoring was created on the physical 

experimental station of Vladimir State University. This station is created for monitoring, 

storing and processing of data of geomagnetic and electric boundary level fields. Since 2009 

together with Departament of the Russian consumer supervision in the Vladimir region use 

statistical data on mortality of the population, and also on negotiability of children with 

deseases of respiratory system from July, 2004 till December, 2006 in Vladimir. Operation on 



ÉÊËÌÍÎÏ Ð Ñ ÒÓÎËÊÉÉÍÏÔ ÕÏÖ ÕÏÕ×ØÉÍÉ ÎÙ ÚÍÎÛÊÖÍËÕ× ÖATA, SIGNALS AND IMAGESGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

106 

ÜÝÞÝßÜàá âã äåãæçÝåàÝ âã ÞèßàÝ ßåé êÝâèáëÞäàßæ ãßàìors on indexes of health of the population 

is carried out. 

The experimental data point out for certain the ecological significance of the natural 

Earth EMF in the range of infralow frequences. The intensity level of these EMF-s and their 

spectrumare effectively controled by solar activity through the variations of solar wind 

parameters, interplanetary magnetic field and changes of hard radiation flow disturbing 

ionosphere current systems. 

The investigations of interconnection of children’s organ breathing deseases with 

geophysical characteristics have been done using data basis of Russian Requirement Inspector 

Departament(RRID) in  

Vladimir region and data basis of electrical field monitoring results, air temperature, 

atmospheric pressure and relative humidity of the VSU physical experimental proving ground 

[1-3]. When analysing there have been taken data of the number of treatments to doctors by 

baby-patients with deseases of bronchial asthma, obstructive bronchitis and loryngotracheitis 

for the time period from July, 2004 till December, 2006 in Vladimir region which were 

confronted with the synchronous data of the geophysical parameters. Using the investigation 

results there have been analysed the correlative connections of the taken factors. The 

coeficient of the electrical field intensity vertical component correlation and the number of 

baby-patients treatments having obstructive bronchitis from September, 2005 till December, 

2006 in Vladimir was 0,44 with probability of error F 0,1. 

 The investigations showed a direct connection between the morbidity standart of 

bronchial asthma, obstructive bronchitis and loryngotrancheitis and the level of atmosphere 

boudnary layer electrical field intensity of the showed factors (a correlation coefficient was 

0,01 – 0,3). It has been revealed, the level of atmosphere boundary layer electrical field 

intensity influences on the ratio between the borbidity standarts showed above.  

 In the space of time from 2, July till 27, September of 2003 and from May, 21 till 

October, 30 of 2005 investigations were carried out on the base of mortality number of people 

in Vladimir region. The data information are got from the medical information analytical 

centre of the administration health departament if Vladimir region. The synchronous data of 

the physical experimental proving ground about electrical field intensity, air temperature, 

atmospheric pressure, relative humidity, radiation background were also taken in the space of 

time from July, 2 till September, 27 of 2003 and from May, 21 till October, 30 of 2005. The 

correlation coefficients of the electrical field intensity vertical component and people 

mortality in space of time from July, 2 till August, 1 of 2003 in Vladimir region was -

0,52(pF0,1); in space of time from July, 2 till July, 11 of 2003 was -0,62(pF0,1); in space of 

time from September, 1 till September, 27 of 2003 was 0,31(pF0,1); in space of time from 

july, 1 till August, 31 of 2005 was 0,33(pF0,1), At some sections of time series(fig.4) we can 

see high correlation for the electrical field intensity component and for mortality of the 

population in Vladimir region. The analysis of the mortality srandart interconnection in 2003 

in space of time from July to August when changing air temperature (fig.3) means high 

enough dependence of these factors (correlation coefficient was 0,49). The correlation 

coefficient of air temperature and people mortality in space of time from July,2 till 

August,19,2003 in Vladimir region was 0,49 (pF0,001); in space of time from July,23 till  

August,19,2003 in Vladimir region was 0,61 (pF0,001). 
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F����� ������ 	�
�����
 ��� ��
 ��	��
���
� �� ����e of time from July,2 till August,19,2003 in 

Vladimir region. 

F����� ������ 	�
�����
 ��� ��� �����
���� ����� ��tensity(fluxmeter �2) in space of time from 

July, 2 till July, 24, 2003 in Vladimir region. 

      The analysis of interconnection of heliophysical and geophysical factors (Wolf number, 

the Earth electrical field, the Earth magnetic field) with the road and transport accidents in 

Vladimir region was carried out using data information of the medical departament of Russia 

Ministry of Internal Affairs (MIA) of Vladimir region, street traffic safety state inspection 

departament of Russia MIA of Vladimir region and first medical aid city hospital of Vladimir. 

At some sections of time series significant correlation was revealed among the electrical field 

intensity vertical component, the Earth magnetic field, Wolf numbers and the number of RTA 

in Vladimir region (fig. 5-11). There has been revealed significant correlation between the 

number of killed and injured as a result of RTA in Vladimir region and Wolf number [4]. 

Table 1 Correlation coefficients of mistake probability p for a number of RTA, killed, 

injured as a results of RTA, their sum in Vladimir region and Wolf numbers for 2001. 

Analysed processess the dates 
correlation 

coefficients 
,

Road and Transport Accidents(RTA) and the 

Earth electrical field 
28.06-24.07 -0,45 F0,02 

RTA and geomagnetic field 28.06-08.08 0,40 F0,01 

RTA and Wolf number(s) 28.06-29.08 0,45 F0,001 

Killed as a results of RTA and Wolf number 19.07-19.09 -0,46 F0,001 

Injured people as a results of RTA and Wolf number 19.07-19.09 0,39 F0,01 
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()*+,+ -./ 0123/4 56 7-8 90: 29*0/;)< 6)/=: 4510: >ladimir region in the space of 

time from June, 28 till August, 8, 2001. 

Fig.7. The number of RTA round Vladimir region and Wolf number in the sun 

southern hemisphere in the space of time from June, 28 till August, 29, 2001. 

Table 2 Correlation coefficients of mistake probability p for a number of RTA, killed, 

injured as a results of RTA, their sum in Vladimir region and Wolf numbers for 2003. 

Analysed processess the dates 
correlation 

coefficients 
,

Injured people as a results of RTA and Wolf 

number (N) 
11.07-11.08 -0,46 F0,01 

Injured people as a results of RTA and Wolf 

number (N) 
11.08-11.09 0,46 F0,01 

Injured people as a results of RTA and Wolf 

number (S) 
11.08-11.09 -0,41 F0,02 

The works are done with support of State Task 2014/13,2871, RF grant �14-07-

97510\14. 
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The study of rheocardial atrial signals formation mechanisms  

Malakhov A.I.
1
, Shchukin S.I.

 1
, Tikhomirov A.N.

 1
, Soboleva V.Y.

 1
, Levando A.M.

 1

1. Bauman Moscow State Technical University, ul. Baumanskaya 2-ya, 5, Moscow, Russian Federation 

In most cases, the atria work deflection are not considered as life-threatening. However, 

the violations in the atrial electromechanical characteristics can become a cause of 

complications and have serious consequences. The main reason for the problems with the 

atrial work is atrial fibrillation (AF). AF leads to disruption of cardiac hemodynamics and 

blood supply of the whole organism and to formation of blood clots that can cause pulmonary 

embolism or stroke. The death risk in patients with stroke associated with AF occurs 2 times 

more often [1]. 

At the first research stage we analyzed MRI data of 3 healthy volunteers. Volunteers 

parameters are shown below: 

• Gender - Male; 

• Age - 25 ± 3 years; 

• Tilt angle axis of the heart - 45 ± 10 °; 

• Thorax perimeter - 92 ± 4 cm; 

• The depth of heart occurrence - 24 ± 4 cm. 

It was found that the main motion at the time of atrial reduction is fibrous ring (atrium-

ventricular septum) movement. Normally, according to the literature [2] fibrous ring 

movement throughout the cardiac cycle must be greater than 10 mm. According to the MRI 

studies analysis we found that at the time of atrial reduction fibrous ring movement may reach 

7 mm and the maximum movement of the free atria wall is achieved less than 5 mm in the 

right atrium anterior region. 

We created the heart motion during atrial contraction model to evaluate the heart structures 

motion effect to changes in electro impedance derived from the right atrium projection on the 

chest region. Figure 1 shows the heart model created in the software environment Ansys.  
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���� � Heart model for Ansys study. Where I – current electrodes, U – potential electrodes, 

Da – atrial size, Dj – ventricles size, ha – atrium occurrence depth, hj – ventricular 

occurrence depth, G1 – soft tissues resistivity, p2 – blood resistivity, L – the distance 

between the spherical models centers. 

The model parameters are shown below: 

• The size of the electrode assembly: 140 mm between the current electrodes and 70 mm 

between potential electrodes; 

• Ventricular size: Djb = 100 mm; 

• Size of ventricular after fibrous ring movement caused by atrial contraction: Dje = 90 

mm; 

• Ventricular occurrence depth: hj = 30 mm; 

• The atria size during diastole: Dab = 50 mm; 

• The atria size at the systole end: Dae = 40 mm; 

• Atrium occurrence depth: ha = 60 mm; 

• The distance between the spherical models centers: L = 60 mm; 

• The soft tissues resistivity: G1 = 5 Ohm * m; 

• The blood resistivity: G2 = 1,35 Ohm * m; 

• Mid assembly located above fibrous ring. 

According to the simulation results it was showed that the atria walls movement and 

moving fibrous ring movement lead to the same absolute value of the impedance 

changes, but different in sign. 

In view of the studies based on electro impedance measurements [3] we can show that 

fibrous ring movement makes the main contribution to rheocardiography signal. Further work 

on the analysis of precordial electro impedance signals will allow to control the heart 

mechanical motion at monitor mode. 
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During the everyday usage of the myoelectric prosthesis appears a large amount of 

different noises that affect on the movement detection. The most common of them are: power 

supply noise 50/60 Hz and multiple of it 100/120 Hz and the white noise. If the first two of 

them easily removed with the simple band-stop filter, the white noise cannot be removed by 

the conventional filter and it seriously affects on the signal noise.  

During this work was carried out the research on the influence of contact ”electrode-

skin“ on the EMG-signal noise degree Research was divided into three stages. 

At the first stage the signal electrode was located on the anterior compartment of the 

forearm, in 1 cm from the line passing through the middle of the cubital fossa, on the side of 

the line passing through the center of the forearm from the side of little finger. In the first spot 

the electrode was tightly pressed to the skin surface while the tested one made three grasp 

movements. In the second part of the dusted one made the same movements but the signal 

electrode was not tightly pressed to the skin surface.  

At the second stage the signal electrode was shifted by 3 cm perpendicular the axis 

passing through the middle of the forearm towards the thumb. The stage was divided into two 

parts similar the first stage parts. The tested one also made three grasp movements.  

At the third stage the signal electrode was moved along the hand till the middle of the 

forearm from the initial position. Otherwise, this stage was similar to the first two stages. 

Fig. 1 Influence of the contact ”electrode-skin“ on the EMG-signal noise degree (a – electrode 

is tightly pressed to the surface of the skin, b – not tightly pressed). 

As you see from the recorded EMG signal, when the electrode is not tightly pressed to 

the skin surface, the signal noise is too high at all three stages that affects on the movement 

detection. 

Adaptive selective filter allows significantly cut the white noise. During the work was 

simulated Gaussian noise with dispersion of 60% EMG signal dispersion in motion and noise 

with linearly increasing dispersion. It was added to a normal EMG signal, recorded from 

flexor muscles during 11 “flexion movements”. When movements are detected with simple 

double-threshold method, a lot of false movements appear and initiation of movements is 

detected incorrectly. 
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ÀÁÂÃ Ä Movement detection in noisy EMG signal with constant dispersion (left) and linearly 

increasing dispersion (right). Rectangles show detected movements. 

The filter circuit is shown in figure 3. Adaptive selective filter operates as follows: 

− First it works as usual windowing wilter, 

− Then counts the filter output 
1

0

ˆ ( )
N

k k k i

i

n w i x
−

−
=

= � , 

− Performs error estimation 
ˆ

k k ke y n= − , 

− Updates the set of weighting coefficients  

1( ) ( ) 2k k k k iw i w i e xµ+ −= + . 

ÅÆÇÈ É Adaptive selective filter circuit. 

Adaptive selective filter was realized in Matlab 2011 computer environment. The 

optimal coefficient µ has been chosen as 0.0002. 

As a result, a number of falsely detected movements was reduced. 
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ÝÞßà á Movement detection in EMG signal after adaptive selective filter (left – constant 

dispersion, right – linearly increasing dispersion). The darkest signal is ideal  recorded EMG 

signal. 

Author would like to thank Anton Dogadov and Artyom Maslov (Bauman Moscow State 

Technical University) for providing and processing EMG data. This work was supported by 

the Foundation for assistance to small Innovative enterprises in Science and Technology 

under Grant No. 6937022/2015 
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Analysis of gait parameters obtained by contactless measurement. 
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2 nd Baumanskaja St. n°5, bld 1, Moscow, 105005, Russian Federation 

Osteoarthritis of the knee is a chronic joint disease of degenerative nature. The disease 

is caused by the destruction of the cartilage surface of the joint structure. Those 

morphological changes disturb the functionality of the knee, thus deteriorating the patient’s 

quality of life eventually leading to the development of cardiovascular disease, diabetes, and 

disability [1, 2].

Existing hardware and software systems and methods for visual assessment of gait 

quality have a number of disadvantages, such as the subjectivity of the analysis, the 

dependence to the quality of diagnostics to the experience of the rheumatologist or 

inaccessibility caused by high cost and a large number of peripheral elements of hardware and 

software [3, 4].

Preliminary research on the development of a biotechnical system of determination of 

gait parameters has proven the efficiency of contactless methods of measuring the angle of 

flexion-extension of the knee joint. On the basis of this method curves of the angle of flexion-

extension of the knee joint were analyzed and thereafter modeled [5, 6].  

The registration the angle of flexion-extension of the knee joint extension was carried 

out on the test setup (Fig. 1) which consists of:

1. camera with tripod; 
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õö three IR-markers; 

3. treadmill. 

÷øùú û üýþ ÿþTÿ Tþÿ�� ��� ÿýþ �þ��Tÿ��ÿ��� �� ÿýþ ���	þ �� flexion-extension of the knee joint.

üýþ 	�
 �TT�Tÿ��ÿ TþÿT �� ÿýþ ��ÿ�þ�ÿ�T 	þ� ÿý�þþ �R-markers in the knee area. The patient 

starts moving on a treadmill at a speed of 4.5-5 km/h. The lab assistant records the video of 

the patient's walking on the treadmill. The video is loaded up onto the PC for post-processing 

and analysis of received data. 

üýþ �
ÿ���þ
 
�ÿ� �T ��þTþ�ÿþ
 �� ÿýþ ���� �� � ÿ��jectory of the angle of flexion-

extension of the knee (Fig. 2). 

÷øùú F ü���þ�ÿ��� ÿýþ ���	þ �� �	þ�����þ�ÿþ�T��� �� ÿýþ ��ee joint.

Analysis of the spectral characteristics of the received signal (Fig. 3) indicates that the 

detected signal is composed of the main components constituting 95% of the signal energy 

and lying in the range from 0 to 2 Hz.
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E2/4 421@975/ 57 04. 6-./01A@ 9: 04. 1./91B.B 2783. was represented with a sinusoidal 

function. C911.320597 2723D656 649G.B 0420 04. A6. 9: 041.. 4armonics is enough for effective 

modeling of the original signal (Table 1). 
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aP b) 

Fig. 4 The modelling results: a) for one step, b) for three steps. 
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ghi jkjlmnon pq rjos tjssiukn nhpviw shjs os xjm yi modeled as a sinusoidal sum of three 

harmonics. Since pair in the knee joint is likely to hinder movement amplitude and affect the 

speed at which movements are performed, those three harmonics are likely to be not only key 

parameters for data dimensionality reduction, but as well indicators of the patient’s joint’s 

state. This supposition is to be confirmed in the future by means of registration of patients 

with clear diagnoses of the knee joint diseases. 
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Introduction 

Surgical intervention is one of the main methods of treatment of brain tumors. A risk of 

vascular damage arises because of the great complexity of the endoscopic surgery to remove a 

brain tumor [1]. Consequently, the risk of deterioration of the patient's quality of life and the 

risk of death. These risks may reduce with methods of automatic detection of blood vessels in 

the endoscopic image is possible.

z{| }~����| �|���}�|� �� �{| �|�������� �� ����~�}�ive parameters of blood vessel images for 

the development an algorithm for the automatic detection of blood vessels in the endoscopic 

images while removing the brain tumor.  

Material and Methods 

The research were conducted on the endoscopic images obtained in the spectrum 400..1200 

nm at the Research Institute of Neurosurgery named after N.N. Burdenko by using an 

endoscope company KARL STORZ, in the RGB color code [2].  

In endoscopic images blood vessels and surrounding tissue (the background) are 

distinguished. Figure 1 shows an example of an endoscopic image with a selected area of the 

blood vessel. 
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����� An example of an endoscopic image  

Due to a bimodal type histogram views local intensity of the image-background boundary 

vessel (Figure 2) a threshold segmentation algorithm is applied for endoscopic blood vessel 

images in removing brain tumors [3]. 
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Threshold segmentation is performed on each channel RGB color code average error of 

threshold image segmentation has been calculated by the channel RGB color code. Accuracy 

was calculated by imposing vessel mask as a benchmark in the segmented image according to 

the formula: 

; = ( |mask - Iout| / mask )· 100% 

where ;- error, mask - the area of the vessel in the image, Iout - the area of the vessel in the 

¤¥¦§¥¨©¥ª «§¬¦¥­ ®¯ «§°±¯²¥ ¬³³´±¬³µ °±¥¶°±¯³¥¤¤«¯¨ of endoscopic images of blood vessels 

«¨ ·±¬«¨ ©´§¯± ±¥§¯²¬¸ ¹¬¤ ³¬±±«¥ª ¹«©º §¥©º¯ª¤» ·µ gamma correction coefficients at 

different gamma (0.5, 1, 1.5) and by histogram equalization [3]. 

The rating of threshold segmentation was carried out by the calculation of error for all 

endoscopic images from the collected database. The rating threshold segmentation carried out 

on the calculation of error for all endoscopic images from the collected database. Table 1 

shows the segmentation threshold error without pre-processing for segmentation threshold 

with using the gamma correction with different gamma factors and with using the histogram 

equalization. 
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ÏÐÑÒÓÔ Õ The value of the average error on channels RGB color coding 

Canal R G B 

error ; of segmentation 

without pre-processing the 

image  

19% 19% 18% 

error ; of segmentation using 

the gamma correction 

(gamma = 0.5) 

16% 18% 17% 

error ; of segmentation using 

the gamma correction 

(gamma = 1) 

17% 18% 17% 

error ; of segmentation using 

the gamma correction 

(gamma = 1.5) 

19% 21% 22% 

error ; of segmentation using 

histogram equalization 
15% 14% 14% 

The research has proven that the smallest error of threshold segmentation in color channels 

R, G and B is achieved by using histogram equalization. 

Conclusion 

According to the research informative parameters are chosen on the basis of database 

vascular imaging in removing brain tumors such as image intensity values for each of the 

channels in the RGB color code. According to the research pre-processing method using the 

image histogram equalization to reduce the error segmentation of blood vessels in the 

endoscopic image by removing a brain tumor was proposed. 

In the future for increasing the accuracy of the segmentation of images of vessels in 

removing brain tumors is necessary to apply additional informative parameters. 
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2. Vladimir State University named after Alexander and Nikolay Stoletovs 

1.    Introduction 

           Heart diseases are a major cause of mortality in the developed countries. The 

electrocardiogram (ECG) remains the simplest non-invasive diagnostic method for 

determining various heart pathologies [1]. 

 �� 	
 ��� 
���	��� 
	� arrhythmia diagnosis is by using of heart rate variability 

(HRV) signal. HRV signal is generated from electrocardiogram (ECG) by calculating the R—
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R %&'( &)%(*+,-. /0 %1( 234567 81&. &. , '/*( */9:.t method since the R—R time intervals are 

less affected by the noise.  

;,)< ,-=/*&%1'. 1,+( 9(() >*/>/.(? /+(* previous years for automatic cardiac 

arrhythmia detection, in this paper we use support vector machines. 

           81( .:>>/*% +(T%/* ',T1&)( &. ,) (-(=,)% ,)? 1&=1-< principled learning method for the 

?(.&=) /0 , 0((?d0/*@,*? )(%@/*B @&%1 , .&)=-( 1&??en layer of nonlinear units [2].  

           In this paper, we proposed a SVM algorithm for arrhythmia detection by crating 

feature with using Radon transform of the binary matrix of scattergram.  

2.    Materials and methods 

      2.1   Database and processing data. 

           The proposed algorithm includes creating binary matrix of scattergram, feature 

extraction with Radon transform and arrhythmia detection using SVM. Block diagram of the 

>*/>/.(? ,-=/*&%1' &. .1/@) &) p&=:*( C7

FDEGH Block diagram of the algorithm of arrhythmia detection, with SVM 

           The RR intervals data used in this work are generated from the ECG signals provided 

,% %1( a1<.&/I(% @(9 .&%( &) %1( a1<.&/J,)B7 a1<.&/Bank is a large and growing archive of 

well-characterized digital recordings of physiologic signals, time series, and related data for 

:.( 9< %1( 9&/'(?&T,- *(.(,*T1 T/'':)&%<u &% T/)%,&ns over 70 databases that may be freely 

?/@)-/,?(? KLM7

p*/' RR &)%(*+,-. @( T*(,%(? .T,%%(*=*,'s. The scattergram is a nonlinear method 

@1(*( T/).%*:T%(? 9< >-/%%&)= (,T1 T:**()% T<T-( ,=ainst the previous beat (RR vs. RR(n-1)). 

N0%(* %1,% 0*/' /9%,&)(? .T,%%(*=*,'. @( T*(,%(? 9&nary matrices of scattergrams.  

           For crating feature we used Radon transform of the binary matrix of scattergram. 

Applying the Radon transform on a binary image of scattergram f(x,y) for a given set of 

angles can be thought of as computing the projection of the image along the given angles. The 

resulting projection is the sum of the intensities of the pixels in each direction, i.e. a line 

integral. The result is a new image R(G,H). The Radon transform is a mapping from the 

4,*%(.&,) *(T%,)=:-,* T//*?&),%(. 2OP<6 %/ , ?&.%,)ce and an angel (G,H), also known as polar 

coordinates [4].  

Q.&)= %1( U)+(*.( R,?/) %*,).0/*' T,) 9( used to reconstruct images. R(T/).%*:T%&)=

9&),*< &',=( /0 .T,%%(*=*,' :.&)= bV >*/W(T%&/). &. most close to the original scattergram. In 

%1&. *(.(,*T1 @( :.(? R,?/) %*,).0/*' @&%1 bV >*/W(ctions for crating feature. 81(

.T,%%(*=*,' /0 RR &)%(*+,-.P %1( %*,).0/*' R,?/) ,)d inverse Radon transform with 90 

>*/W(T%&/). ,*( .1/@) &) 0&=:*( X7
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       oqrs t  a) The scattergram  b) crating feature we used Radon transform from the binary 

matrix of scattergram 

vw xyz{|}{ ~���y �|�y}��|� ��| }v���{|�|��

           �{�� �{ v|{��{� ��{ ������}{ �|�� ��{ �{���|{} ���� where obtained from the 

Radon transform of the binary image of scattergram. The database was divided in to training 

and testing database.

           ��� ������� ������ �������

           As mentioned in the interdiction in this paper for arrhythmia detection we used SVM 

which is the most common use for the diagnostic of cardiovascular disease.

    Simply stated, the SVM identifies the best separating hyperplane (the plane with maximum 

margins) between the two classes of the training samples within the feature space by focusing 

on the training cases placed at the edge of the class descriptors. In this way, not only an 

optimal hyperplane is fitted, but also less training samples are effectively used; thus high 

classification accuracy is achieved with small training sets [5].  

           The support vectors are the data points that are closest to the separating hyperplane; 

these points are on the boundary of the slab. The following figure illustrates these definitions, 

���� ��w �y��v���y� ���� ���y�} �� � �{ ¡¢ �y� �£w indicating data points of type 0 (Figure 3). 

¤�¥� ¦ Support vector machine. 

3.    Results 

            Next, we need to perform studies on the arrhythmia detection using SVM,  two 

v|��{|��} �|{ �}{� �y ���} ��|§¨ ©{y}���z��  �y� ©�ecificity.  

ª�{ �{�y�y� �� }{y}���z��  �} �y�����z{¨ it is the ability of an examination to identify 

the presence of a given disease (arrhythmia). It can also be considered as the proportion 

between the number of positive subjects with the disease and the total number of subjects 

with the disease, in this work the proportion of subjects with the arrhythmia who were 

correctly detected by the SVM. Sensitivity is given by the ratio

©{y}���z��  « ª¬­�ª¬ � ®�w                                                  �¡w¢

i.e. the proportion of positives among the }��¯{v�} ���� ��{ ��}{�}{°
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ÄÅÆÇÈÉÈÇÈÊË ÈÌ ÆÍÈÎÆÏÊ ÐÆÌÌ ÈÑÑÆÎÈÒÊÆÐËÓ ÔÊ ÕÆÉÆÕÌ to the ability of the examination to identify 

the absence of a given disease, given by the ratio 

ÄÅÆÇÈÉÈÇÈÊË Ö ×ØÙÚ×Ø Û ÜÝÞ                                                ÚßÞà

i.e. the proportion of the negatives among the ÌáâãÆÇÊÌ ÏäÊ ÒÉÉÆÇÊÆÎ åÈÊæ ÊæÆ ÎÈÌÆÒÌÆ çèéÓ

êÆÌáÐÊÌ äÉ ÕÆÌÆÒÕÇæ ÇÒÅÒâÈÐÈÊÈÆÌ äÉ ÒáÊäÑated arrhythmia detection using SVM gives 

ÌÆÏÌÈÊÈÍÈÊË ÒÏÎ ÌÅÆÇÈÉÈÇÈÊË äÉ ëìÓí îà íïÓíî ÕÆÌÅÆÇtively. 

ðñ òóôõöôôó÷ø ùøú õ÷øõûöôó÷øô

           ÔÏ ÊæÈÌ åäÕü åÆ æÒÍÆ ÅÕÆÌÆÏÊÆÎ Ò Äýþ ÒÐÿäÕÈÊæÑ ÉäÕ arrhythmia detection, which is 

associated with Radon transform for feature extraction from binary matrix of scattergram.   

êÒÎäÏ ÊÕÒÏÌÉäÕÑ åÈÊæ ëì ÅÕäãÆÇÊÈäÏÌ ÿÈÍÆs us the best inverse Radon transform and 

æÒÎ ÊæÆ ÇÐäÌÆÕ ÈÑÒÿÆ Êä ÊæÆ äÕÈÿÈÏÒÐ ÌÇÒÊÊÆÕÿÕÒÑÓ

           Two databases were formed, one for training SVM and the second for testing the 

accuracy of the SVM for arrhythmia detection. 

           êÆÌáÐÊ äâÊÒÈÏÆÎ âË áÌÈÏÿ Äýþ ÉäÕ ÒÕÕæËÊæÑÈÒ ÎÆÊÆÇÊÈon using the Radon transform 

åÈÊæ ëì ÅÕäãÆÇÊÈäÏÌ ÉäÕ âÈÏÒÕË ÈÑÒÿÆ äÉ ÌÇÒÊÊÆÕÿÕÒÑ  gives sensitivity and specificity of 90.8 

%,84.8% respectively. 
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and dab stained histological and cytological specimens  

D.A. Dobrolyubova
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 Baumanskaya Str., 5, 105005, Moscow, Russia 

Multi-staining is now widely used in the fields of biology and medicine for visualizing 

cellular and tissue structures. As a result of such staining dyes are co-located in some regions 

of histological or cytological specimen dyes are co-located [1]. Overlapping spectral 

characteristics of dyes does not allow determining the presence of particularly staining in the 

region of co-localization of dyes visually. The most accurate method of analysis of such 

specimens is a multispectral microscopy which requires complex and expensive equipment [2, 

3]. 

A method for separation of the transmittance spectra of dyes using RGB-coordinates of 

images is proposed in this paper. The initial data for the method are color images obtained 

using light microscope and digital RGB-camera. The proposed method was developed for 

staining dyes 3,3’-diaminobenzidin (DAB) and hematoxylin (H), widely used in oncology for 
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tPQ RTUVWXTYWtTZ\ Z] \V^XQW_ W\` ^QXX aQab_W\Q aW_cers (Ki-67, HER2, etc.). The presence or 

absence of these markers influence on the treatment scheme, and helps to identify predictive 

and prognostic factors. It is especially important to separate the contribution of dyes in the 

case when the intensity of DAB staining contains diagnostic information (for example, for 

determining ER/PR-status of breast cancer), and H staining is supplementary and its intensity 

should be excluded. 

The proposed method is based on the Beer-Lambert-Bouguer law [4] which takes into 

account the following spectral characteristics: transmittance spectra of dyes H and DAB 

(τH
(λ) and τDAB

(λ)), the emission spectrum of light source of the microscope (I0(λ)), the 

spectral sensitivity of CCD sensors of the digital camera (mA(λ)): 

Ii = � I0(λ)Imi(λ)Iτ(λ)dλ,     (1) 

where i denotes one of RGB-coordinates, Ii is intensity value or camera response. 

Considering the known spectral sensitivities of CCD sensors and the emission spectrum of 

light source it's possible to derive the system of linear equations for each image pixel with 

unknown transmittance spectrum [5]. The system of linear equations is solved using the 

method of least squares with Tikhonov regularization [6] resulting in the estimation of 

transmittance spectrum for one pixel. 

The transmittance spectrum of pixel could be presented as the product of the transmittance 

spectra of the dyes H and DAB if pixel is located in dyes co-localization: 

τ(λ) = τΗ
(λ)IτDAB

(λ).      (2) 

Usually, there are regions in the specimen stained only with H, so the solution of the 

equation (1) for these regions give τΗ
(λ). So considering (2) τDAB

(λ) could be estimated. From 

τDAB
(λ) the final value of DAB staining intensity is calculated: 

I
DAB

 = �τDAB
(λ).      (3) 

This parameter is analogous to the RGB-coordinates with excluded spectral sensitivity of 

CDD sensors and the emission spectrum of light source. This becomes evident when 

substituting in (1) I0(λ) = 1= const and mi(λ) = 1 = const. 

The value of I
DAB

 calculated using (1-3) is influenced by the intensity of H staining. The 

transmittance spectrum τΗ
(λ) as well as intensity of H staining I

H
, calculated similar to (3), 

differs from one specimen to another. The purpose for this is difference of concentration of 

this dye in different specimens. Moreover, intensity I
H
 usually changes within one specimen. 

The study of the error value of I
DAB

 depending on the mean intensity of H staining (I
H
) and the 

variability of H staining intensity (JI
H
) within one slide was provided in this work. JI

H
 was 

determined as difference between maximal and minimal intensity of H staining. The initial 

data for the study were transmittance spectra of concentrated dyes H and DAB and emission 

spectrum of the light source of the microscope measured using spectrophotometer, as well as 

the spectral sensitivities of CCD sensors that were obtained from camera specification. The 

dependences of the error of the I
DAB

 from the average intensity and variability of H staining 

are presented in figure 1. 

The obtained dependence of the relative error of I
DAB

 allows to determine the mean 

intensity I
H
 and the maximum allowable variability of H staining for which the error of I

DAB

does not exceed a predetermined value. Separated spectral component of DAB characterizing 

intensity of staining, which corresponds to the concentration of a particular biological marker 

in cellular and tissue structures, can be further associated with diagnostic scores used by 

pathomorphologists. 
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Fig. 1 The dependence of the error of the T
DAB

 from average intensity T
H
 and variability 

of H staining. The left plot shows the situation when the actual intensity of H staining in 

particular image pixel area is less than the average intensity and the right plot shows the 

situation when the actual intensity is more than the average intensity. 
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The results of denoising algorithms comparison on magnetic 

resonance images  
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1
, L. Sushkova

1
, M. Abounassif ², P. Parameaswari ², M. Muteb²

1
Vladimir State University, 87, Gorky  St., Vladimir, Russia  

2
King Saud Medical City, Al Imam Turki Ibn Abdullah Ibn Muhammad, Ulaishah, Riyadh, Saudia Arabia 

Introduction: Magnetic resonance image (MRI) is the result of a complex multi-

component technical system and displays different physical aspects in the internal tissues of 

the body together with noise such as Gaussian noise, thermal noise, salt and pepper noise, 

multiplicative noise etc.[1, 2]. Noise reduction (smoothing) is usually the first stage (pre-

processing) in image processing before the application of the post-processing procedures such 

as segmentation, classification, image analysis, etc.[3]. Filtering methods used in digital 

image processing can be divided into two groups: Spatial filtering (performed directly on the 

pixels of an image), and frequency filtering (the image is transferred to the frequency domain 

and filtered, later transferred back to the spatial domain) [4].  

The aims of this research were to  
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���
�

PSNR

2

max
10log10=

�� ������� ��� ��� ��¡¢ £�¤���¢�¥ ¦�§  ��¡¥ ¨��¡��¥ median, Haar wavelet) filters on the 

two datasets. 

2. Identify the optimal filter which enhances the effectiveness of noise removal from the 

MRI for the pre-processing stage. 

The present study was approved by the Institutional Review Board, KSMC, Riyadh. The 

denoising algorithms are presented in table 1.  

Table 1. The comparison of denoising algorithms 

No Filter Principle of work Note 

1 Average Replace pixels value in the image by the average 

of all the values in the local neighborhood 

The default mask (3, 3)/9 

was applied in this study. 

2 Gaussian

Convolve the image with the 2-D Gaussian 

distribution, first combining with a 1-D 

Gaussian in the x-direction, and then with 

another 1-D Gaussian in the y-direction. 

A 2-D Gaussian 

smoothing kernel with a 

standard deviation of 0.5 

was used here. 

3 Wiener 

Estimate the local mean and variance around 

each pixel. It is more selective than a 

comparable linear filter, preserving edges and 

other high-frequency parts of an image, and 

affects the image adaptively. 

For a large variance, little 

smoothing is performed 

and for small variance, 

more smoothing is 

performed. 

4 Median Replace each pixel value by the median value of 

local neighborhood. 

Nonlinear filter preserves 

edges while removing 

noise. 

5 Haar 

Wavelet  

Starts with the selection level of decomposition, 

type (soft and hard) of thresholding and the 

value of thresholds, Modify the noisy wavelet 

coefficients according to a thresholding rule, 

finally reconstructing the denoised image. 

This work used a 2 level  

decomposition - soft 

thresholds 4.937 at 1
st

level and 4.648 at 2
nd

level.  

Comparison criteria: Two commonly used measures are Mean-Squared Error (MSE) and 

Peak Signal-to-Noise Ratio (PSNR) for comparing filtration’s results. Since MSE depends 

strongly on the image intensity scaling, [5] we used PSNR which avoids scaling and can be 

calculated from the following formula: 

                                       , 

where Imax - is the maximum pixel value in the input image [6].

, 

where f (i,j) – is the original image;  h(i,j) – is the denoised (filtered) image;                                                    

i,j – is the pixel position of the M×N image.   

Methodology: Dataset 1 with 18 MRI from Government hospital in Vladimir, Russia (they 

were obtained using a Philips Intera scanner with 1.5 T magnetic field induction), Dataset 2 

with 56 MRI from Government hospital in Riyadh, Saudi Arabia (they were obtained using 

GE SIGNA scanner with 1.5 T magnetic field induction). Many of the current techniques 

assume the noise model to be Gaussien [7]. A Wiener filter is a minimum mean square error 

filter[8]. The images were experimented  individually by adding Gaussian noise with zero 

mean and 0.01 variance, multiplicative noise with zero mean and 0.04 variance, salt and 

pepper noise with zero mean and 0.05 variance. The result of an image on experimentation 

and filtration is shown in Fig 1. 
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½¾¿À Á Sample image after denoising: I-without noise, II-Gaussian added noise, 

III-Multiplicative added noise, IV-Salt & Pepper added noise; & Filters: 1-

Average, 2-Gaussian, 3-Wiener, 4-Median, 5- Haar Wavelet. 

Table 2.  Descriptive Statistics for PSNR of all images in 1
st
 and 2

nd 
data sets  

Type of 

Noise Filters 

Mean Standard 

Deviation 

Minimum Maximum 

Dataset 

1 

Dataset  

2 

Dataset 

1 

Dataset  

2 

Dataset 

1 

Dataset  

2 

Dataset 1 Dataset  2 

Without 

noise 

Average 19.988 17.572 2.462 2.679 16.913 12.932 24.292 22.903 

Gaussian 24.715 22.155 2.495 2.791 21.560 17.270 29.001 27.710 

Wiener 22.850 20.826 2.172 2.811 20.138 16.265 26.577 28.407 

Median 21.515 18.966 2.754 3.115 18.159 12.334 26.668 25.433 

Wavelet 

Haar 21.391 19.857 0.818 
1.499 20.283 16.996 22.842 23.792 

Gaussia

n noise 

Average 13.688 14.240 0.155 0.747 13.457 12.127 13.934 16.141 

Gaussian 12.349 13.628 0.059 0.153 12.249 13.150 12.491 13.842 

Wiener 13.011 14.363 0.027 0.314 12.962 13.701 13.062 15.339 

Median 14.357 14.491 0.268 0.718 13.955 11.876 14.907 15.486 

Wavelet 

Haar 

12.260

6 12.107 

0.093 
0.798 12.124 6.493 12.516 12.760 

Multipli

cative 

noise 

Average 16.567 16.661 1.048 2.269 14.999 12.845 18.237 21.502 

Gaussian 14.632 16.719 0.780 1.451 13.314 14.569 15.936 20.215 

Wiener 14.194 16.549 0.495 1.299 13.292 14.625 15.045 19.688 

Median 15.271 16.502 0.893 2.017 13.842 12.295 16.701 20.843 

Wavelet 

Haar 

14.309 

15.072 

0.828 
1.451 12.913 13.093 15.691 18.485 

Salt and 

Pepper 

noise 

Average 12.644 13.593 0.065 0.571 12.569 11.963 12.823 14.956 

Gaussian 10.231 11.914 0.086 0.218 10.062 11.190 10.366 12.754 

Wiener 9.320 11.599 0.125 0.222 9.075 11.093 9.522 12.032 

Median 19.952 17.597 2.113 2.489 17.518 12.333 23.747 22.475 

Wavelet 

Haar 

9.776 

9.960 

0.080 
0.322 9.573 9.190 9.889 11.796 

The results of this study are given in Table 2 and the Bar diagram in Fig 2, shows the Mean 

[9] PSNR with the Standard Deviation of the Five denoising algorithms for two data sets. 
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ÕÖ×Ø Ù Mean PSNR for Dataset 1(left) and Dataset 2 (right) 

Discussion and Conclusion: Denoising algorithm is to reduce noise levels by 

preserving the image features and Visual perception is an essential part in diagnosing the 

brain tumors [10].  In our present study, among the  original images without noise, the 

Gaussian filter had the maximum average of PSNR as 24.715, 22.155 for the 1
st
  & 2

nd
  

dataset where the Wavelet Haar produced the minimum standard deviation  of 0.818 

respectively. Generally the quality of image can be measured by the peak signal-to-noise ratio 

(PSNR). However, sometimes a denoised image with a high PSNR value does not have 

satisfactory visual quality [11]. In the case of added Gaussian noise to original images, we 

observed that median filter produced the maximum average of PSNR as 14.357, 14.491 for 

the 1
st
 & 2

nd
 data set and the minimum SD by Wiener filter as 0.027. In those of multiplicative 

noise added to the original image, the Average filter showed the maximum average PSNR as 

16.567, 16.719 for the 1
st
 & 2

nd
 data set and the minimum SD of 0.495 produced by Wiener 

filter. Different noise models include noise as additive and multiplicative type. They include 

Gaussian noise, salt and pepper noise (impulsive noise), Brownian noise and speckle noise. 

Salt and pepper noise [12] is an impulse type of noise, which is also called as intensity spikes. 

The basic Concept behind Image Restoration is digital Convolution using linear filters and 

moving window principle. From the Salt and Pepper noise added to original images, the 

median filter produced the maximum average of PSNR=19.952, 17.597 for the 1
st
 & 2

nd
 data 

set and the minimum standard deviation was noticed in  average filter SD=0.065. The median 

filter is popular because of its ability to reduce random impulsive noise without blurring 

edges. It often fails to perform well as linear filters in providing sufficient smoothing of non 

impulsive noise components such as additive Gaussian noise. The main drawback of median 

filter is that it is not location variant in nature, and thus also tends to alter the pixels not 

disturbed by noise. The mean filters find applications where the noise is concentrated in the 

small portion of the image [13]. In our study there existed a statistically significant difference 

between the filters as tested by ANOVA- F(4,275) = 24.94(P=0.000). Hence Median PSNR 

was considered to be the ideal tool for measurement. Filtering scheme has been proposed to 

eliminate impulse noise using global and local statistics [14]. Image Denoising has become a 

very essential exercise in Image Restoration. The wavelet transform has recently entered the 

arena of image denoising and it has firmly established its stand as a powerful denoising tool. 

Experimental results show that our noise reduction algorithm exhibits much better 

performance in both PSNR and visual effect. [15]  

Qualitative analysis shows that the average filter tends to blur image more than the 

others filters, followed by median, Gaussian, Wiener and wavelet Haar. From the results 

above it can be recommended using the Gaussian filter in the case of images without noise 

and images with multiplicative noise and it’s recommended to use it with a standard deviation 

of 0.5, to remove the noise and to keep the edges without blurring. In the case of Gaussian 

and Salt and Pepper noises, it can be recommended using the median filter because it well 

removes the noise and preserve the edges which are important for further image processing.   
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The single photon emission computed tomography (SPECT) is well-known nuclear 

medicine imaging technique using gamma rays [1-4]. 3D object is typically presented as a 

stack of 2-D cross-sectional slices. Multiplexed measurement systems (MMS) are widely used 

in gamma- and X-ray astronomy, time-of-flight neutron spectrometry, optical spectroscopy, 

radiation introscopy and other areas [5-7]. 

To use the exponential Radon transform for emission computed tomography it is needed 

the possibility observing the object in all directions [6, 7]. If this assumption is not valid there 

is the fundamental problem of the object reconstruction from the incomplete projection data 

set (the problem of the limited solid angle), which is not solved to the present time. Typical 

examples are environmental monitoring of the ground layer with a radioactive contamination 

and a remote control of a nuclear reactor operation [8]. 

The way to resolve this problem is methods of longitudinal emission computerized 

tomography. One of these methods is the use of flat coded apertures [3-5].  

The main method of the reconstruction for radiation sources space distributions with the 

use of MMS is the focal plane method (FPM) [3, 4, 9], which reduces this problem to solving 

of a high order system of linear algebraic equations. The criterion to estimate reconstruction 

quality is the mean-square deviation (D), which is computed as:  
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w !"! M  is the number of planes in FPM, V  is the number of elements in the hexagonal 

coded aperture, k
ix~  is the element of the reconstructed spatial distribution, k

ix  is the element 

of the given spatial distribution. 

FPM implementation gives the next result (figure 1). 

F#$% &% Test source containing 2 planes and focused images in FPM. 

However there is a necessity to improve the reconstruction quality. To achieve this goal 

iterative algorithms are used. Well known iterative methods are steepest descent method 

(SDM) and directed divergence method (DDM) [9]. 

It can be proposed a new iterative algorithm for the reconstruction of the radiation sources 

spatial distribution in SPECT. This algorithm based on an idea of the back projection (figure 

2). The iteration formula corresponding this idea is: 
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where ( ) ( ) ( )[ ]
Mviiii hhhh ,...,, 21=Τ

�
 is the i -th row of matrix Ĥ , Ĥ  is the matrix describing 

encoding process, kτ  is an empirical relaxation coefficient, β  is the inverse squared distance 

between the source and the i -th cell of the detector.  

'()* +* Back projection method: 1 is a cell of the detector, 2 is the corresponding open pinhole 

of the coded aperture, 3 is a cone of the back projection, 4 is the object cells, which lie in the 

cone of the back projection 
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C?@ABDEG?H ?I JKLM KKL BHN OPL BIQRD TUU EQRDBQE?HG for test source from figure 1 

is presented on figure 3. 

Fig. 3. Comparison of SDM, DDM and BPM after 100 iterations 

On figure 4 presented 3 planes of the Modified Shepp-Logan Phantom used as a test 

source and reconstructed images after 100 iterations for SDM, DDM and BPM. Dependence 

of D on the number of iterations for SDM, DDM and BPM is presented on figure 5. 

VWXY ZY Comparison of SDM, DDM and BPM 
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opqr sr Dependence of D for number on iterations of SDM, DDM and BPM 

Mean-square error and images after 25, 50, 75, 100 and 250 number of iterations are 

presented on figure 6.  

opqr tr The mean-square error and the reconstructed images after 25, 50, 75, 100 and 250 

number of iterations 
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��� ���� ���������� ������ ��� � ����� ����������� in all cases (a different transparency, a 

different size of coded aperture, different types of test distributions). The proposed algorithm 

can be used with hexagonal coded apertures. In terms of the convergency the BPM is highly 

improved and it is better than DDM and SDM. As a conclusion the BPM is preferred in future 

investigations. 

This work was financially supported by the Ministry of Education and Science of the 

Russian Federation (agreement � 14.575.21.0090, identifier RFMEFI57514X0090). 
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Introduction 

One of the most today common social problems is smoking. Smoking is one of premature 

death causes and various diseases. Today it causes more than 5 million deaths each year. 

Effective and systematic tobacco epidemic tracking mechanism is one of the significant 

components of fighting against smoking. 

According to WHO report in 2008 the prevalence of tobacco smoking among Russian men 

aged over 18 is about 60.4%, among women older than 18 years - 15.5%, among boys (13-15 

years) - 30.1% and for girls (13-15 years) - 24,4% (Global Adult Tobacco Survey). 

Smokers can be divided into two types: active (who smoke) and passive (who breathes 

smoke from a cigarette). Active smokers inhale an average of one-fourth part of tobacco 

smoke through the filter. And three-quarters of smoke are formed during the cigarette 

smoldering and fall in the ambient air. This smoke is the most dangerous, because it does not 

pass through the filter. Thus, passive smokers are exposed to similar harmful effects as active 

smokers, but without their own desires. 
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¯° ±²³ ´µ¶ ´··¸¶ ¹º» ¼½¾¿À Á»²¿¹º Â¾Ã²°ÄÅ²¹Ä½° ²À½Æted a document "The WHO 

Framework Convention on Tobacco Control". It was signed and ratified by many states. Thus, 

smoking in public places was prohibited by law in many countries. 

Following the trend of smoking bans as a fight with smoking and ensure the protection of 

non-smokers from smoking in public places, registration of smoking facts has become an 

urgent problem. This will allow not only to prevent offenses, but also help to track the number 

of smoked cigarettes. 

This paper presents one of the variants to identify the smoking fact, which is applicable in 

the public places, or just for recording this fact (for example, for insurance coverage). 

IV. Research 

D. Smoke detectors 

Produced detectors for registration smoke primarily developed as a fire safety measure, 

thus they have some limitations. Detector register scattered light is transmitted through the 

working chamber. Such detector cannot unequivocally distinguish suspended in the air 

different particles and smoke. Also it is required air constant circulation between the working 

chamber and room. Thus, as a result of air circulation fume concentration may be not enough 

for sensor operation. 

The video surveillance using can be an alternative to smoke detectors. Thus, it increases 

the area of surveillance and have ability to identify smoke source (for our problem – to 

register smoking). 

E. MethodThe cameras allow to respond to IR illumination sources. Lighted cigarette is 

such source. Thus, based on the blackbody model, we can approximately estimate the 

radiation wavelength and intensity. 

For thermal radiation estimating it is necessary to use the relation between the wavelength 

and intensity of radiation that is derived for blackbody: Planck's law (figure 1). [1] 

ÇÈÉÊ Ë Planck's formula and the radiation power dependence of the wavelength. 

The wavelength at which the blackbody radiation energy is maximum is determined by 

Wien's displacement law: Kmax = 0.0028999 / T, where T - temperature in Kelvin, Kmax - the 

wavelength of maximum intensity in meters. 

Assuming in the first approximation that the human skin close in properties to a completely 

black body, the emission spectrum peak at 36°C (309 K) is at a wavelength of 9400 nm (in 

the infrared region). 

The temperature of tobacco smoldering temperature is 300°C and during puffing on the 

cigarette reaches 900-1100°C. After calculation wavelengths at which radiation energy has 

maximum value by the formula Wines, we obtain the following values for the 300°C - 5,061 

microns; to 900°C - 2,472 microns; 1100°C - 2,112 microns. 
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ßàáâ ã Spectral sensitivity of the CCD matrix. 

Figure 2 shows the spectral sensitivity of the CCD matrix. According to this curve it is 

evident that it comes at the beginning of the IR, but does not include the required 

wavelengths. However, according to Figure 1, the camera must register part of the necessary 

radiation. Despite the fact that digital matrix cameras are sensitive to infrared radiation, their 

sensitivity to visible light in hundreds or even thousands times more, therefore, it is necessary 

to block visible light. Infrared filters are used to solve this problem. Thus, to ensure the 

possibility of realization, the experiments were conducted. 

F. Experiment 

To implement the detection method experiment was performed using 2 cameras. One of 

the cameras was a Sony HDR-CX550 with the NightShot function. This function is designed 

to shoot in low-light conditions through the infrared light using and using special matrix. In 

order to cut the excess range of frequency the special infrared filter Falcon Eyes IR 950 with a 

bandwidth of 950 nm was used. 

As a second camera the webcam Canyon CNR-WCAM420 with removed manually hot-

mirror filter (a filter that blocks infrared radiation and is glued to the matrix) was used. Thus a 

camera that also records the IR was obtained. Special film Kodak Wratten # 87C was used to 

cut unnecessary frequency band with a bandwidth of 850 nm. 

äåæç è Cameras and filters used in experiments (left) and the resulting image (for example the 

heated soldering hot air gun was used)(right). 

G. Results 

The obtained images from the cameras were needed to be processed. As a system for 

image processing mathematical package Matlab was used, because it contains built-in 

functions for image processing. A method of growing areas was used for segmentation 

processing of the objects. [2,3] 

First, the image transferred in shades of gray with preliminary uninformative components 

removal in order to simplify the computation tasks. The next step was object detection. At this 

stage, there is recognition of the key points of the image, i.e. the definition of the points with a 

border of a sharp gradient difference. 

Thereafter, the method of areas of cultivation. Morphological expansion of the image 

produces - building areas related to the key points. Also internal filling gaps performed - fill 

the area inside the object. 

The final stage is an object smoothing - the alignment of the object edges. Below there are 

examples of processed images. 
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üýþÿ F An example of image processing with the Sony camera with a filter at the cigarette 

smoldering (the original image on the left preconditioning image in the center, highlighted 

contrasting object on the right). 

üýþÿ � An example of image processing with the Sony camera with a filter at the cigarette 

inhaling (the original image on the left preconditioning image in the center, highlighted 

contrasting object on the right). 

üýþÿ � An example of image processing with the webcam with a filter at the cigarette 

smoldering (the original image on the left preconditioning image in the center, highlighted 

contrasting object on the right). 

V. Conclusions 

Based on the study, it can be concluded that the detection of infrared radiation sources can 

locate signs of smoking, as well as to record other sources of heat radiation. This registration 

can be carried out using conventional cameras (after modifying them a bit) with the IR filter, 

which is a cheap alternative to currently used smoke detectors. 

The highest characteristics of the matrix and the image quality is not a priority because the 

aim is recording only the smoking fact. For software images post-processing is necessary to 

obtain a contrast spot areas of high temperature. 

In this article was shown optimal and fast version of the image processing algorithm, 

which has shown good results. Thus, it is necessary to produce a further modification of the 

algorithm for determining smoking in real-time. 
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I. Introduction 

The problem of human functional states in labor, physiology, and psychophysiology, 

various fields of medicine requires urgent attention now, as indeed it has for many decades. 

Constructive solutions to the question of how to assess and analyse human functional states 

during the undertaking of practical tasks in various spheres of human activity in special or 

extreme circumstances is of great importance [1, 6]. 

Studies of the human functional state of an operator performing complicated tasks are of 

most interest since a monotonous workload increases the risk of making mistakes, which can 

in turn have unpredictable consequences. 

The functional state of a human operator depends on such individual characteristics as 

temperament, emotional stability, agility, concentration and maintenance of attention, etc. [2]. 

The aim of this study is to determine the significant personal and other parameters which 

are responsible for the regulation of the nervous system, which together determine the 

efficiency and stability of the human operator. 

II. Methods 

The study involved 67 healthy subjects between the ages of 18-25 years who gave their 

informed consent to participate in the study. 

In order to reach the monotony state the subjects were asked to perform the Bourdon-

Wiersma test for 10 minutes. The test is aimed at assessing productivity, sustainability, 

distribution and switching of attention [3]. The quality of the test was evaluated by the 

number of errors, the number of gaps, the number of scanned characters and productivity 

indicator. 

The Standardized Minnesota Multiphasic Personality Inventory MMPI in the Russian 

modification by Sobchik L.N. – SMIL was used to assess the individual and psychological 

characteristics of subjects. 

The SMIL test methodology contains 10 major scales and 3 basic reliability scales [4]. 

The heart rate variability (HRV) signal was used as a physiological indicator of the 

dynamics of the human functional state. The signal was recorded by means of 

psychophysiological complex "REHACOR" by Medicom MTD. HRV enables the discovery 

of regularities in physiological and psycho-emotional human states [5]. Analysis of the 

spectral components of HRV data was performed using the program implemented in 

MATLAB. 

"STATISTICA 10.0" software applications were used for statistical analysis. 

The study consisted of 4 stages. ECG was recorded in course of 2-4 stages. The sequence 

diagram of the experiment is shown in Fig. 1 

I. 

MMPI-test 

II. 

Background 

III. 

B$%&'$()*+,&-./ 0,-0
I12

After-effect 

40 min. 5 min. 10 min. 5 min. 

Fig. 1 Sequence diagram
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JJJK Results 

LM N OPMQRT UV TWP XUQOYUZ[\]POM^N TPMT TWP MQ_`PaTM bPOP Y]c]YPY ]ZTU d eOUQfM
according to the productivity index by means of cluster analysis. 

The first cluster includes the subjects with a high productivity rate (52.2%). The second 

cluster includes the subjects with a low productivity rate (47.8%). 

Discriminant analysis was applied to determine the personal parameters that define the 

subject’s working efficiency. The discriminant analysis is used to decide which variables 

distinguish (discriminate) two or more groups. A step-by-step analysis algorithm was used to 

make the analysis. At each step all variables are reviewed and the only one selected is the one 

which contributes the most to the difference between groups. This variable is included in the 

model at this stage, and the next step follows. 

In the course of discriminant analysis the variables that make the most significant 

contribution to the discrimination between groups were chosen. They are as follows: 

The 3
rd

 scale of emotional lability reflects a high sensitivity to environmental influences 

and instability of the emotional state. 

The 9
th

 scale reveals optimism level and reflects sthenic type of response. 

The 6th scale of rigidity reflects the tendency to competition, reveals the stability of 

interests, persistence in defending one’s own opinion, stenichnost plants, the active position. 

The 0
th

 scale of introversion shows the level of sociability, social inclusion of the person 

facing mainly the world of subjective experiences. 

The 8
th

 scale of individuality reveals independent and contemplative personal position, 

analytical thinking, the tendency of thinking to prevail over emotions and effective activity; 

holistic style of perception, ability to recreate a complete image on the basis of the minimum 

information. [4]. 

3 scales of reliability were included as well: L - lie scale, F - reliability scale and K- 

correction scale. 

Discrimination results are shown in Table 1. 

Table 1: Discriminant Function Analysis 

Discriminant Function Analysis Summary (Step 8, N of vars in model: 8; 2 grps Wilks' Lambda: ,72448 

approx. F (8,58)=2,7572 p< ,0119)

  3 9 6 K 0 8 F L 

Wilks' - 

Lambda 
0,729694 0,811933 0,7606 0,836383 0,791467 0,792148 0,775144 0,761219 

Partial - 

Lambda 
0,992857 0,892292 0,9525 0,866208 0,915366 0,914578 0,934642 0,951739 

F-remove - 

(1,57) 
0,417254 7,001125 2,8939 8,958511 5,36262 5,417193 4,055875 2,941081 

p-value 0,520858 0,010467 0,0943 0,004053 0,024129 0,023451 0,048665 0,091692 

Toler. 0,745075 0,434856 0,5705 0,363358 0,318634 0,310872 0,320132 0,638945 

1-Toler. - (R-

Sqr.) 
0,254925 0,565144 0,4295 0,636642 0,681366 0,689128 0,679868 0,361055 

\]TW TWP WPRf UV TWPMP YPV]ZPY cNO]N_RPMg N Y]MaO]^inant function can be created, which is a 

R]ZPNO PlQNT]UZ UV TWP VURRUb]Ze ThfPi
jOUQf k N m _n o pn m _d o pd m qqq m _^ o p^g rns

bWPOP pnqq p^ [ MPRPaTPY cNO]N_RPMg N ]M N aUZMTNZT, and b1...bm are the regression coefficients. 

tWP aUOOPMfUZY]Ze Y]MaO]^]ZNZT VQZaT]UZM aUPVV]a]PZts are shown in Table 2. 
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  3 9 6 0 8 F K L Constant 

first - p=,52239 0,173 1,838 -0,134 2,479 -1,314 1,899 2,524 0,693 -239,163 

second - 

p=,47761 
0,197 1,738 -0,078 2,358 -1,207 1,803 2,38 0,797 -229,203 

These discrimination functions can be used to classify new objects in cases where it is not 

known in advance which of the existing classes they belong to. 

The classification matrix is the overall result in the assessment of the quality of the current 

function classification. The classification matrix contains the number of samples correctly 

classified (on the matrix diagonal) and those which occurred in the wrong group. The 

classification matrix is shown in Table 3. 

Table 3: Classification Matrix 

Observed\Predicted Percent-Correct first - p=,52239 second - p=,47761 

first 80,00000 28 7 

second 71,87500 9 23 

Total 76,11940 37 30 

Thus the classification accuracy of the first group is equal to 80%, the second group - 72%. 

The accuracy of the general classification is 76%. 

Later on, the analysis of the HRV spectral components (HF, LF and VLF) was carried out. 

According to the previously selected method of dividing subjects into 2 groups (according 

to productivity) the variance analysis of the HRV spectral components at each stage of 

research was carried out. The results are shown in Fig. 2. 

���� � Variance analysis of the HRV spectral components at each stage of 

research 

According to the received data the significant difference in the groups is not observed at 

the initial background stage of research, but at the stage of the Bourdon-Wiersma test the 

averages of HRV indices decrease in the second group in comparison with the first. At the 

third stage of after-effect the averages are closer to the original data, and the significant 

differences between the groups were not observed. 
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±²³´µ ¶³·¸¹º »²¼ ½¾³·´¼ ¾¿ »²¼ ´»·¼´´ »¼´» À ¶¸¿¿¼·ent response from the autonomic nervous 

system can be observed. 

 The HF index is an indication of the power of respiratory waves of heart rhythm. The LF 

index characterizes the state of the sympathetic division of the autonomic nervous system, in 

particular, the system of vascular tone regulation. The spectral component of the VLF is 

closely related to psycho-emotional stress and functional state of the cerebral cortex. VLF 

power of HRV is a sensitive indicator of the control of the metabolic processes, and reflects 

well the energy deficient state [5]. 

IV. Conclusion 

While this work was carried out, experimental research data analysis of the functional state 

psychophysiological parameters of a human operator in a monotonous activity was conducted. 

During the course of this analysis, the discriminant function was found. This enables the 

classification of the subjects according to their productivity, using the results of standardized 

Á¸¹¹¼´¾»À Á³Â»¸Ã²À´¸½ Ä¼·´¾¹ÀÂ¸»Å Æ¹Ç¼¹»¾·Å ÁÁÄÆµ ·eflecting the individual psychological 

characteristics of the subjects. The accuracy and the quality of the proposed method of 

discrimination amounted to 76%. 

Analysis of the physiological parameters of the HRV spectral components showed 

¶¸¿¿¼·¼¹½¼´ À» »²¼ È
nd

 stage of study – À» »²¼ ´»Àº¼ ¾¿ »²¼ ´»·¼´´ »¼´»µ É²¸½² ¸¹¶¸½À»¼´ »²¼
different response of the autonomic nervous system in the selected groups. 

Thus the received data can be used to develop algorithms for professional selection of 

candidates in order to reduce the risk of making mistakes that can lead to unpredictable results 

arising during the execution of monotonous work by a human operator. 

The results of the physiological parameters processing can be applied in course of 

developing a technique of correction of the human operator functional state in order to reduce 

fatigue levels and restore efficiency. These issues will be considered at the next stages of our 

research work. 
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Use of vector approach in the analysis of physiological systems allows to take new 

information in comparison with the used traditionally separate scalar sizes. Studying of 

interaction of various physiological systems at rest and at functional loadings forms our ideas 

of the size of functional reserves of a human body. Thus, the most essential role in formation 

of functional reserves belongs to system of transport of oxygen which provides all vital 
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��þ� – the main links of oxygen transport 

system, define both providing an organism with energy, and its reserve opportunities. At the 

same time, at rest and at loadings of different intensity interaction of breath and blood 

circulation significantly differ. So, in our researches it was shown that at rest at breath 

function strengthening warm activity decreases a little, showing the retsiprokny relations 

between these physiological systems [1]. At physical activities, since power level is 1vt/kg 

body weights, the increase in function of breath occurs together with increase in warm 

activity that reflects a synergy of these physiological systems. At persons with the low level 

of functional reserves reaction from cardiovascular system at physical activity prevails over 

reaction from breath, at persons with high reserves of function of these systems change 

synchronously. Therefore, estimating an orientation of reciprocal adaptive reactions to 

functional loadings expediently along with a traditional quantitative assessment of dynamics 

of the studied scalar indicators to apply and the vector analysis of the combined reactions of 

breath and blood circulation.  

Other aspect of use of vectors for an assessment of functional reserves and, perhaps, 

durations of the forthcoming life appears in the analysis of the loops of a hysteresis describing 

behavior of cardiorespiratory system in MOD-MOK coordinates. The phase curve of changes 

of a vector of the intersystem relations of breath and blood circulation at the increasing 

loading and during restoration [2] will show an open condition of phase curve what will 

testify to loss or decrease in reserves, and return of a vector to an initial state (isolation of a 

phase curve) – about process of training and about high reserve opportunities of an organism. 

The offered approach will allow to estimate better quality of providing an organism with 

energy through an assessment of regulation of interaction of breath and blood circulation, 

considering complexity and variety of the regulatory relations between physiological systems 

in different living conditions. 
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The electrical impedance method of peripheral vein localization 
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1
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The electrical impedance method of peripheral vein detection is a novel approach, which 

offers the advantages of being not expensive and capability of minimizing and reducing the 

difficulty of achieving intravenous access in many patients, especially pediatric and obese 

patients. This work represents the quality of this method to achieve intravenous access in 

patients.  

The electrical impedance method of peripheral vein detection is based on the measurement 

of electrical impedance using the 4-electrode technique by applying a known alternating 

current of frequency 100 kHz and constant amplitude to a current electrodes and measuring 

the resulting surface potential at the two separate electrodes.  

      To perform electrical impedance measurements a special electrode system was designed 

to be attached to the study area. The electrode system, which is an array of surface electrodes, 
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h!" #$%& 'h!(()*" $# +)+&!,-$*!& )*)'+&$.) '$(#/0%&ations. The electrode system has a distance 

between electrodes and a diameter of 3.5 mm. The ambulatory of electrical impedance system 

of peripheral vein detection system depends on the development of small dry electrodes that 

can provide good signal quality in a variety of conditions, and the ability to retain their 

characteristics during the whole procedure. However, due to the small contact area with the 

skin of such electrodes, it’s requiring so long time to stabilize the transient resistance of skin-

electrode contact.  The stability of the skin-electrode contact can also be achieved by pressing 

the electrode system to study area but pressing on the patient's skin with the electrode system 

can cause the vein to collapse. This is not desirable in such measurement, thus the collapsed 

vein can’t be detected.  This paper represents the new electrode system shown in 1. 

In this electrode system the surface of the current electrodes became larger and thus the 

stability of the skin-electrode contact improved so measurements were much more reliable 

and feasible for larger time periods.    

Fig. 1 The designed electrode system (a), the method of  electrode system setting 

(b). 

  

The impedance was recorded with the multichannel system (REO-32) which is 

developed at the department of medical and technical information technology at Bauman 

Moscow state technical university [1]. The measurements on participants show that it is so 

hard to detect the peripheral veins by the absolute impedance values, due to the heterogeneity 

of   soft tissue.  So factors affecting the absolute impedance are eliminated by only measuring 

relative impedance changes, rather than absolute impedance values. To display the relative 

impedance changes in our work we used the venous occlusion impedance plethysmography as 

a method of vein cross-sectional changes [2].   

The principle of the methodology is that the venous return from the forearm is briefly 

interrupted by inflating a cuff, placed around the upper arm, to well above venous pressure 

but below diastolic pressure [3].  

For this examination the patient is after the cuff is placed around the upper arm, an 

inflation pressure of around 60 mmHg is used for intervals of 2 min, then the cuff are deflated  
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FDEGHI J KLMNK OLI PLQREI MT IUIPOHDPQU DVWIXQRPI Xuring two-minute arm cuff 

occlusion from different channels of the electrode system.  The maximum decrease of 

electrical impedance occurs during the occlusion corresponds to the filling phase of the vein 

that we need to detect. After the filling phase is completed the cuff is deflated so the venous 

flow can flow out and this change corresponds to the increase of electrical impedance in the 

curve.  

Fig. 2 The electrical impedance signals obtained by the electrode system. 

The next step after obtaining the signals is to improve the signal to noise ration.  The 

signals are filtered in order to reduce the noise component due to hand’s operator movements 

during the measurement. The results of filtering are shown in figure 3.   

Fig. 3 The electrical impedance signals after filtering. 
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mnoqrs t uvwxu yvs znruy {srn|}yn|s wz uno~}�u� �vs minimum peak during inflation and 

the maximum peak during deflation have been used as an algorithm to detect peripheral veins, 

which can be located on the reign of interest. 

Fig. 4 The first derivative of the electrical impedance signals. 

          The corresponding peak of the impedance value shown in the derivative signals 

depends on difference of electrical properties of soft tissue and vein, the diameter of vein and 

the vein depth in soft tissue.   
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Sleep architecture consists of alternating cycles. Each of them is divided in Rapid Eye 

Movement (REM) and non-REM (NREM) sleep. Then, NREM is subdivided into 3 stages. 

Frequently, first two NREM stages are united into Light Sleep (LS) while the third stage is 

called Deep Sleep (DS).  

Polysomnography (PSG) is a gold standard for sleep architecture evaluation. Usually, 

an expert classifies epochs (30s. intervals) as one of the sleep stages or wakefulness (W) 

based on the manual analysis of signals acquired during PSG, namely electroencephalogram, 

electrooculogram and electromyogram. Due to inapplicability of using PSG as a screening 

tool, sleep architecture evaluation based on the cardiorespiratory analysis has drawn attention 

over the last decade. Nevertheless, sleep stage classification using respiratory effort signals 

only has been poorly investigated, although respiratory activity might be easier registered by 

non-contact manner than heartbeats. 

This paper describes a method for W-REM-LS-DS (WRLD) classification based only 

on respiratory effort signals registered both contact and non-contact methods. The study is a 

continuation of our previous works aimed at W-REM-NREM classification based on BRL [1] 

and RIP [2] signals. 

Two datasets were used in the study. The first one consists of 628 subjects from the 

Sleep Heart Health Study (SHHS) [3, 4] database whose respiratory effort was registered by 

Respiratory Inductance Plethysmography (RIP). Data of 32 subjects from the second dataset 

were obtained in V.A. Almazov Federal North-West Medical Research Centre during 

simultaneous bioradiolocation (BRL) monitoring and PSG. 

The bioradar and the signal preprocessing methodology were the same as in our 

previous works [1, 2]. Each epoch was described by the following features: the length and the 

energy of an artifact period; median, interquartile range (IQR) and median/IQR ratio of peaks, 

troughs, breathing cycle amplitudes and widths; the median respiratory volume during 

inhalation, exhalation and their ratio over an epoch [4]; the median respiratory volume and 

flow during breathing cycle, inhalation and exhalation over 25 epochs [4]; the mean and the 

standard deviation (SD) of breath-by-breath correlation [5]; spectral powers and their 

logarithms in the very low frequency band between 0.01 and 0.05 Hz, the low frequency band 

(LF) between 0.05 and 0.15 Hz, the high frequency (HF) band between 0.15 and 0.50 Hz, and 

LF/HF ratio;  the peak frequency and its power in HF; the minimum of standard, constrained 

and parametric dynamic time and frequency wrapping between the target epoch and its four 

nearest neighbours;  sample and approximate entropy of the respiratory effort signal; the 

mean and SD of multiscale permutation entropy of the signal; sample entropy of peaks and 

troughs over an epoch; SD and variation of breathing frequency during 3, 5, 7, 9 and 11 

epochs [5]; the normalized index of epoch over total record time. 

The probability that epoch corresponds to a certain stage was estimated using Gradient 

Boosted Machine classifier. Then, these probabilities were used as features for Linear 

Discriminant Analysis classifier. Classifiers were trained and tested by 5-fold cross-validation 

and leave-one-subject out cross-validation for SHHS and BRL datasets, respectively. 

Classification results were compared with PSG epoch annotations and estimated by Cohen's 

kappa coefficient of inter-rater agreement.  
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²³´ µ¶··¶ ¸¹ º»¼½ ¾ º»¿½ ÀÁ´¶Â ¾ ÃÄÅ ¶ÂÆ º»½Ç ¾ º»¿2 was achieved for SHHS and 

BRL datasets, respectively. To the best of our knowledge, the results outperforms those 

reported in literature for WRLD classification based only on the analysis of RIP signals as 

well as BRL signals. The performance of sleep stage classification using BRL is comparable 

with this obtained using RIP. Thus, using BRL is a promising way for sleep monitoring. 

The research was supported by Russian Foundation for Basic Research grant # 15-

07-02472 A and grant of President of Russian Federation # MK-7812.2015.7. 
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A technique for bioelectric signals registration by means of 

capacitive coupling 

V. A. Simon

Department of Electronic Instruments and Devices, Saint Petersburg Electrotechnical University “LETI”, 5 

Professor Popov Street, 197376, Saint Petersburg, Russian Federation 

I. Introduction 

The commonly used contact method of the ECS registration is a reliable and widely 

applicable technique for the diagnosis of many heart diseases. However, this method has 

several disadvantages. First, standard conductive gels can dry over time and thus don’t 

provide long-term reliability of the electric contact. Secondly, metal contact electrodes can 

cause skin irritations in case of metal allergy. Thirdly, the patient's mobility is often limited 

during the registration process. 

However, the electric contact can be replaced by a capacitive coupling. It represents the 

capacitor formed by the electrode surface, skin surface and the dielectric layer (e.g. cotton 

textile). The coupling capacitance depends on the electrode’s size and the type of fabric. In 

[1], where electroencephalographic electrodes are used, the coupling capacity is in the range 

from 1 to 50 pF. In [2], where electrocardiographic (ECG) electrodes are used, the coupling 

capacity is 92 pF.  

Thus, the impedance of the coupling capacitor can be as much as 10
10

M in the typical 

ECG frequency range (from fractions to tens of Hz). In order to receive the ECS via 

capacitive coupling the instrumentation amplifier (IA) with ultra low input bias current and 

high input impedance can be used. One of the best examples of IA is the INA116 amplifier 

with the typical value of input bias current as low as 3I10
-15

 A and with input impedance of 

more than 10
15
M. 

However, the ECS itself doesn’t contain the constant component. Therefore, the inputs of 

the IA should have a direct current (DC) biasing to prevent saturation of the amplifier. The 
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10
M for the reliable reception of low-frequency 

harmonics. Unfortunately, the resistors with ultra-high value are pretty expensive and hard-to-

buy goods. 

II. The Feedback Loop for Biasing of the Input Instrumentation Amplifier 

In [3] an original circuit, which appears as an equivalent to the ultra-high value biasing 

resistance, was described. This circuit contains only inexpensive general purpose components 

(Fig. 1). 

F#$% & Circuit diagram of the feedback loop around operational amplifier 

A resistive divider with the transmission factor of a = R2 / (R1 +R2) = 0.999 is connected to 

the output of the operational amplifier (op-amp). A 9.1 MM resistor is connected between the 

input of op-amp and the output of the resistive divider. The current through the resistor R3 can 

be represented as the current through the virtual resistor Rbias with resistance value given by 

the formula 

a

R
Rbias

−
=

1

3
.                                                                           (1) 

The operation of the biasing feedback loop was verified through SPICE simulations and 

experiments on the breadboard. Then, the biasing circuit was connected to the INA116 

amplifier (Fig. 2). 

F#$% ' Feedback loops, connected between signal inputs and guard pins of the instrumentation 

amplifier. 

III. The Narrow-Band Stop Filter 

One of the main problems with the reception of the bioelectric signals (such as ECS) is the 

suppression of various interferences. This problem becomes much more important when the 

ECS is received via capacitive coupling. 
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T;< =><?@<A@ B<=?@CD< CEG?H@ IB @;< JK?LC@M IN @;< ECS is shown by the mains 50/60 Hz 

hum. Usually a stop filter is used to remove this type of interference. The filter design should 

provide the convenient adjustment of the quality factor and the notch frequency. In the work 

[4] a tunable stop filter comprising two cascaded all-pass filters, symmetrical voltage divider 

and a feedback loop with variable depth (Fig. 3) was designed. 

OPQR U Circuit diagram of the narrow-band stop filter. 

After the signal had passed through the all-pass filters, it is added to its own original by the 

symmetric divider (R7, R8). Herewith the amplitudes of all harmonics of the signal are reduced 

according to the changes in the phase of the signal. The phase of the harmonic with maximum 

suppression is changed by 180°. The frequency of the harmonic with maximum suppression is 

equal to the geometric mean of the two frequencies: �1= (R3!C1)
–1

 and �2 = (R6!C2)
–1

.This is 

the notch frequency of the filter: 

210 ��� ⋅= .                                                                          (2) 

The output signal of the filter is applied through buffer op-amps to the potentiometers R3

and R6. The resistor R9 varies the depth of the feedback d (from zero to 100%) and thus 

changes the quality factor Q, given by the expression 

21

21

��

��2

1

5.0

+

⋅
⋅

−
=

d
Q .                                                                   (3) 

The gain-transfer characteristic of the rejection filter is 
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Q

s

s
sH ,                                                                 (4) 

where �js = , 1−=j . 

IV. The Experimental Results 

The experimental setup for the ECS recording includes: 

• cotton T-shirt with two capacitive coupled sensing plates embedded (Fig. 4); 

• two analog stages: the input stage, based on IA with feedback loops and the narrow-

band stop filter; 

• sound card, acquiring filtered analog signal; 

• personal computer with Audacity software installed.
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jklm n T-shirt with the capacitive coupled sensing plates. 

The output signal from the stop filter is acquired by sound card and digitized with a 24-bit 

resolution and 44.1 kHz sampling rate. The digital signal is recorded on a personal computer 

using the Audacity software. The higher harmonics of the 50/60 Hz interference are removed 

by the digital processing. The form of the processed ECS in 1–100 Hz frequency range is 

represented on Fig. 5. The QRS complex, T-wave and P-wave [5] are more or less visible on 

the ECG recording. 

opqr s Recorded ECS with 1–100 Hz frequency band. 

V. Conclusion 

The method of the bioelectric signals registration via capacitive coupling is useful for real-

time monitoring as well as for continuous data collection. This method can be used for 

monitoring the health status of people working in stress conditions (rescue workers, 

firefighters, etc.), in sport medicine and fitness.
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A great effort in the field of research, medical imaging was focused on brain tumors 

segmentation in recent years[1]. After obtaining Magnetic resonance imaging (MRI), 

radiologists measure the mass of the tumor manually by scaling the two extreme points, 

which is a time-consuming task. Several methods were proposed and developed for accurate 

segmentation [2,3,4,5,6,7] such as thresholding, region based, edge based, and clustering 

methods etc. In this work, thresholding, region grow and proposed method (region growing + 

active countour) were experimented on two datasets (the first one includes 18 images from a 

governmental hospital in Vladimir and the second data set of 52 images from a governmental 

hospital in Riyadh). Table 1 provides the comparison of segmentation algorithms.  

Table 1. The comparison of Segmentation Algorithms 

Segmentati

on method 

Principle of work Note 

Thresholdin

g  

Based on threshold value selection 

which can be divided into global (one 

threshold) and local (two or more 

thresholds). The threshold can be 

selected as the lowest point, which is 

located between two peak values of 

the histogram. 

Global threshold method of various 

thresholds for different images 

followed by the erosion procedure 

with a disk to remove the small 

objects which passed the threshold 

was used in this study. 

Region 

growing  

Based on seeds selection, seeds 

represent the centres of objects to be 

segmented. The region is iteratively 

grown by comparing all neighboring 

pixels to the seeds. This process 

continues until all pixels are allocated 

to a region and stops when the 

difference between region mean and 

new pixel become larger than a 

certain threshold. 

The difference between a pixel's 

intensity value and the region's 

mean is used as a measure of 

similarity. The pixel with the 

smallest difference measured is 

allocated to the respective region. 

Proposed  

(region 

growing + 

active 

countour) 

Based on two methods: region 

growing and active contour methods. 

By using region growing method we 

get the initial contour of tumour, after 

that based on the partial differential 

equation solution, It can change own 

shape, topology and location to cover 

the object boundaries to be 

segmented.  

The initial contour tries to move to 

the position where energy function 

is minimized. Energy function 

consists of internal and external 

forces to measure the contour of 

the object. 
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ª«¬ ­®¯°¬± «¯²¬ ³¬¬´ ±µ³¶¬·¸ ¸¹ ±¬°®¬´¸¯¸­¹´ µ±­´° software MATLAB 2013 [8]. The 

similarity between two finite sample units of the images are measured by Jaccard Index and 

Dice Coefficient. [9] 

Dice Coefficient: is the main validation metric of spatial overlap between the segmented 

object (tumor segmented by the method) and the ground truth (tumor segmented by 

Radiologist) and it can be defined as a ratio of the number of matching pixels multiplied by 

two to the sum of the segmented image and the ground truth. Dice Coefficient D can be 

calculated from the following formula: )()(2 RGARGAD +∩= . 

Jaccard index: is region-based metrics, which measure the similarity between the segmented 

object and the ground truth and it can be defined as a ratio of the number of matching pixels 

to the total number of both matching pixels and mismatching pixels [9]. Jaccard index indJ

can be calculated from the following formula: )()( RGARGAindJ ∪∩= ,  where G ground 

truth, R is segmentation result  and A(.) is the operation of counting amount.  

Sensitivity: is the proportion (percentage) of tumor tissue pixels that are correctly segmented 

as a tumor. Sensitivity can be calculated from the following formula: 

)( FPTPTPySensitivit += .[10]  

Specificity: is the proportion (percentage) of normal tissue pixels that are correctly segmented 

as a normal (non-tumor). Specificity can be calculated from the following formula: 

)( FNTNTNySpecificit += . 

Accuracy: is the proportion of both tumor tissue pixels and normal tissue pixels which are 

correctly segmented among the total number of cases examined. Accuracy can be calculated 

from the following formula: )( FNTNFPTPTNTPACCuracy ++++=

Methodology: The initial step in processing the Brain MRI was to remove the non-brain 

tissues. We applied  Gaussian filter [11] for denoising the images and then administered the 

segmentation algorithms. The data was analysed using SPSS 21 [12] and compared with the 

ground truth. The Sample images after applying the segmentation algorithms to the data sets 

are provided in Figure 1.  

      1 2 3 4 5 6 

I 

ºº

ººº

º»

             Fig 1. Sample images before and after segmentation: I-axial, II-sagittal, III-axial, IV-

sagittal; 1-initial image, 2-image after removal of non-brain tissues, 3-ground truth, & 

segmentation algorithms: 4- thresholding, 5-region growing, 6-proposed method.
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ÏÐÑÒÓÔÑ: From Figure1, it’s observed that the thresholding and region growing methods have 

over-segmentation in the III image, unlike the proposed method which segments the tumour 

boundaries very well. The Descriptive Statistics [13] of segmentation methods for all images 

in 1
st 

and 2
nd

 data sets are presented in Table 2. The Sensitivity 85.2 % and Accuracy 99.43% 

of the proposed segmentation method was observed to be high compared to Threshold and 

region contour methods [14]. Specificity of 99.3% was noticed in Threshold method. The 

proposed method further showed high mean Dice coefficient of 0.9151 and Jaccard index of 

0.8459 with an ANOVA , F(2,153) = 0.225, was statistically insignificant from the other two 

methods is presented in Figure 2.   

Table 2. Descriptive Statistics for Outcome Parameters  

Segmentati

on  

  Methods 

Dice 

Coefficient 

Jaccard index  Sensitivity 

(%) 

Specificity 

(%) 

Accuracy (%) 

Dataset  Dataset Dataset Dataset Dataset 

1 2 1 2  1  2 1 2 1  2 

Threshold
0.7332 0.7664 0.5881 0.6561 59.65 69.74 99.96 99.31 98.61 96.90

Region 
0.8718 0.7736 0.7747 0.6818 78.19 76.46 99.93 97.75 99.19 95.98 

Proposed 
0.9151 0.7769 0.8459 0.6865 85.27 77.34 99.95 97.70 99.43 96.01

ÕÖ× ØÙ The Bar diagrams for Jaccard index and Dice coefficient (left); Sensitivity, Specificity 

and Accuracy (Right)

Discussion and Conclusion: Brain tumor is curable and treatable if it is diagnosed in earliest 

stages of disease. MR images are generally more sensitive in detecting brain abnormalities 

during the early stages of disease, and is excellent in early detection of cases of cerebral 

infarction, brain tumors, or infections. [1] Like thresholding, region growing is seldom used 

alone but usually within a set of image-processing operations, particularly for the delineation 

of small, simple structures such as tumors and lesions. [15]  

       The Specificity and Accuracy was observed to be maximum for threshold method with 

not much difference from the other two methods in this study. 3D image segmentation helps 

in automated diagnosis of brain diseases and helps in qualitative and quantitative analysis of 

images such as measuring accurate size and volume of detected portion [16]. The LSD 

Posthoc test for multiple comparison also did not show much significant difference in the 

mean values of Jaccard index and Dice coefficient between the three segmentation methods. 

The present study confirmed that the proposed method had the maximum average for the 



ÚÛÜÝÞßà á â ãäßÜÛÚÚÞàå æàç æàæèéÚÞÚ ßê ëÞßìÛçÞÜæè çATA, SIGNALS AND IMAGESGERY 

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

151 

íîïîðñòñïó ô õîööîï÷ øù÷ñú û üýöñ þÿñppýöýñùò ýïïñópective of the source of images, thus 

giving efficient end results. 
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Introduction: Left ventricular assist devices (LVADs) can significantly improve survival 

rate and quality of life for patients suffering from end-stage heart failure [1]. Several 

strategies to control LVADs exist, over which an overview is presented in [2]. As of today, 

rotational LVADs are commonly operated at constant rotational speed. However, this strategy 

has a decreasing effect on the pulsatility in the arterial tree. This can be alleviated by 

employing a synchronized pulsatile speed control strategy [3]. In this scenario, a speed profile 

synchronized to the heart cycle is applied to the rotational LVAD. Usually, the R-wave of the 

electrocardiogram (ECG) is used as a trigger for a specific profile. To implement such a 

strategy with optimal precision, the length of the current heart cycle Ii has to be known in 

advance, that is, at the time point of the R-wave. As this is impossible, the objective of this 

study is to analyse different methods to predict the current heart cycle length I’i based on the 

history of previous heart cycles Ii-n on data recorded in a myocardial infarction animal model. 

In this study, the cycle length I is defined as the temporal distance between consecutive end-

diastolic pressure (EDP) time points. 

Materials and Methods: The data used in this study was recorded in 11 experiments. 

Animals used in these experiments were adult sheep (Ovis aries, Rhön, female, approx. 63 kg) 

under general anaesthesia. Myocardial infarction was induced by occlusion of the left anterior 

descending artery with a balloon, followed by an injection of microspheres into the occluded 

vessels. A rotary blood pump LVAD (Impella CP, Abiomed Inc., Danvers, USA) was 

implanted directly after the first symptoms of a myocardial infarction were noticeable. The 

study was approved by responsible authority (Landesamt für Natur, Umwelt und 

Verbraucherschutz NRW (LANUV)) in accordance with national and international standards. 
Trial # 1 2 3 4 5 6 7 8 9 10 11 all 

nann 2381 19150 19721 23154 19744 21614 929 13611 18133 23635 40981 N 203053 

tann [h] 0,8 3,8 3,7 3,6 3,3 4,6 0,2 2,4 3,3 5,4 6,4 N 37,4 

mean(I) 

[ms] 
1162 724 680 561 593 760 706 638 661 820 558 ø 664 

sd(I)      

[ms]
195 187 122 127 152 48 52 92 235 68 171 ø 181 

Tab. 1 Number of annotated EDP time points (nann), total amount of annotated time (tann), 

mean cycle length (mean(I)) as well as standard deviation of cycle lengths (sd(I)) for each 

trial as well as gross statistics. 

The left-ventricular pressure (LVP) signal was recorded and the EDP was manually annotated 

by a medical expert. Table 1 lists the Number of annotated EDP time points (nann), total 
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a]^_`b ^c a``^babde bf]d gtann), mean cycle length (mean(I)) as well as standard deviation of 

cycle lengths (sd(I)) for each trial as well as gross statistics. 

Three different strategies to predict heart cycle lengths were employed. First, the cycle length 

was predicted by averaging over the last nmean cycle lengths, 

�
=

−=
mean

1mean

' 1 n

n

nii I
n

I . 

The second strategy determines the cycle length based on the median of the preceding nmedian

cycle lengths, 

),,,(median
median21

''

niiii IIII −−−= � . 

Finally, the third approach predicts the cycle length based on a linear prediction coefficients 

(LPC) 

LPCLPC 12312

'''

niniii IaIaIaI −+−− ⋅−−⋅−⋅−= � . 

Here, nLPC is the number of filter coefficients that were trained on the preceding ntrain cycles. 

To evaluate the quality of estimation, the absolute estimation error is calculated, 

'

iii IIE −= . 

Statistical analysis is performed in terms of mean, median as well as the 95
th

 percentile (P95) 

of the absolute estimation error. 

Results: In the following, the influence of the number of cycles used to train the linear 

predictor, ntrain, as well as the number of previous cycle lengths considered in the respective 

strategy, nmean nmedian nLPC, is examined. Results of the gross analysis of all cases for the 

LPC strategy with varying nLPC and ntrain is shown in Fig. 1. In Fig. 2, a fixed ntrain = 1600 was 

used and the LPC approach was compared to the mean and median predictor for varying 

nmean nmedian nLPC. Finally, Tab. 2 presents the mean absolute error for all cases 

individually as well as the gross analysis for nmean nmedian nLPC ntrain
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Fig. 1 Gross statistics of mean, median and 95
th

 percentile of the absolute estimation error for 

different values of nLPC and ntrain. 
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¡¢£¤ ¥ Gross statistics of mean, median and 95
th
 percentile of the absolute estimation error for mean, 

median and LPC prediction for different values of nmean, nmedian and nLPC with fixed ntrain = 1600.

Trial # 1 2 3 4 5 6 7 8 9 10 11 all 

mean|Emean|   

[ms]
45 38 26 14 42 10 13 31 30 9 24 24 

mean|Emedian| 

[ms] 
31 31 20 11 37 9 10 29 26 9 20 20 

mean|ELPC|    

[ms] 
47 32 28 17 41 11 / 30 30 11 22 24 

Tab. 2 Mean absolute error when using mean, median and LPC prediction for each case and 

gross statistics, 

nmean = nmedian = nLPC = 10, and ntrain = 1600. 

Fig. 1 reveals that a linear predictor approach is in principle feasible to predict the length 

of a cardiac cycle based on past cycle length information as a mean absolute error below 25 

ms can be achieved. For this, about 10 filter coefficients are necessary. Here, the minimum 

error is achieved and an increase in filter coefficients actually increases the absolute error.  

It is shown in Fig. 2 that the LPC approach can achieve better results compared to the 

mean predictor in terms of mean and 95
th

 percentile of the absolute estimation error. 

However, both approaches are clearly outperformed by the median predictor with nmedian = 10. 

With it, a mean estimation error of 20 ms is reached. The lowest median absolute error is 

achieved by a mean predictor (4.9 ms, nmean = 3), but the difference to the best median 

predictor (5.3 ms, nmedian = 16) is small. 

Finally, Tab. 1 reveals that differences between individual trials exist. While the mean 

absolute estimation error using the median predictor is as low as 9 ms in trial 6 and 10, it is 37 

ms in trial 5. At the same time, all estimation approaches exhibit a similar performance on 

each case. 
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·¸¹º»¹¹¸¼½¾ Several observations can be made. First, while the LPC approach is capable of 

reducing the estimation error, its performance strongly depends on the number of previous 

intervals used for training. To achieve a mean absolute error of 25 ms, a very large training 

period of ntrain = 1600, corresponding to approximately 18 minutes, is necessary. This means 

that, for optimal performance of this approach, the dynamic of the heart cycle length has to be 

in a steady state. 

As a computational inexpensive alternative, the mean estimator exhibits a performance 

comparable to the LPC approach. Only the preceding 10 intervals are considered, which 

corresponds to a training or learning phase of approximately 7 seconds. Thus, fast changes in 

the dynamics of the heart cycle length can be tracked. 

The best performance, however, is achieved by the median approach. Again, only the past 

10 intervals are necessary for prediction. This strategy is slightly more computational 

expensive, as a sorting operation is necessary. At the same time, it is inherently robust 

towards outliers, as they are ignored by the median operation. 

It is interesting to note that all approaches exhibit optimal performance when the 

estimation is based on 10 preceding heart cycles and that performance actually deteriorates 

when more cycles are considered. This deterioration is least in the LPC approach. The 

underlying mechanics have to be investigated further, but we assume that the modulation of 

the heart cycle length caused by the respiratory sinus arrhythmia and other slow rhythms 

plays an important role.  

Conclusion: To conclude, the prediction of heart cycle lengths in a myocardial infarction 

animal model was investigated. Three prediction approaches based on mean, median and LPC 

were evaluated on a human annotated dataset obtained from 37.4 hours of animal experiment 

data. Using a median prediction strategy based on 10 preceding heart cycles, a mean absolute 

estimation error of 20 ms was achieved. 
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High-resolution esophageal manometry data processing algorithm  
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The issue of gastrointestinal tract diseases is one of the most frequently discussed question 

in the medicine nowadays. Such disorders are difficult to find, what can be a reason of non-

effective treatment. Commonly for diagnosis are used traditional esophagus manometry, 

impedance-ph-metry and relatively new promising method – high-resolution manometry 

(HRM) [1].  
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ÐÑÒÓ ÔÕÖÑ×Ø ÒÓ ÓÒÔÒÙÚÛ Ö× ÖÑÕ ÖÛÚØÒÖÒ×ÜÚÙ ÔÚÜ×ÔÕÖÛÝ, but the differences make it much more 

valuable tool. In contradistinction to traditional manometry, where 4 or 8 water-perfused 

pressure sensors are used, in HRM there are 36 solid-state sensors, located at a special 

catheter. Each of sensors is circumferentially sensitive, zeroed to atmospheric pressure and 

placed at 1 cm interval from each other. The HRM assembly is passed transnasally and 

positioned for record throughout the entire esophagus, and high sampling rate makes possible 

considering all the processes occurring during the study, in particular the rapid events taking 

place in the distal esophagus. Amount of sensors eliminates problem of movement-related 

artifacts that is usual shortcoming of a traditional manometry [2]. Also it prevents strong 

influence of every single sensor, even if some has been fractured for any reason [3]. 

In spite of the intuitiveness of this method, for the patient’s primary diagnosis it is required 

interpretation of HRM results. This implies the evaluation of the special pressure topographic 

parameters such as distal latency, integrated relaxation pressure and others according to the 

Chicago classification of esophageal motility disorders [4, 5]. Before calculating parameters 

values it is essential to define temporal and spatial limits: to define areas, that are relevant to 

upper and lower esophageal sphincters, transition zone, proximal and distal esophagus (figure 

1).   

Þßàá â Topographic colored pressure plot of a normal wet water swallow being 

made by healthy subject. On plot marked esophageal areas 

Swallow is the moment of time when upper esophageal sphincter fully relaxes, but after 

that it is compressed with new strength and relaxes already to normal state [6]. For its 

detection plot is constructed based on pressure values of upper esophageal sphincter area. 

Minimum peak, and then almost instantaneous maximum peak is mandatory criterion. If such 

values has been found, swallow is detected and marked on topographic pressure plot (figure 

2-A). 

ãäå

where  – is an array of average pressure values of sensors corresponding to upper sphincter 

area, i – sample numbers, j – sensor numbers. 
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÷øùúûøù üýø ùþÿBB�þ ���ø�ü ûøüø�üú��� üýø�ø úù ÿ ��estion of compliance between sensors 

and esophageal areas. To determine the correspondence between the sensor and upper 

esophageal sphincter area the moment of any swallow is taken and pressure 2D plot is 

constructed (figure 2-B), where by x-axis are channel numbers and by y-axis are pressure 

values.  

                                                                         (2) 

Then for defining the beginning and the end of the upper esophageal sphincter the points 

are searched, where of pressure sharply increasing. It is done for both sides of the maximum 

peak using pressure 2D plot. Same actions can be implemented for the lower esophageal 

sphincter area.  

F�	
 � Defining the swallow moment (A) and channels corresponding to the upper esophageal 

sphincter area (B) 

A transition zone is of particular interest to research, because it is a place of connection of 

striated (upper esophageal sphincter, proximal esophagus) and smooth muscles (distal 

esophagus, lower esophageal sphincter) [7]. Feature of this area is that the pressure therein 

drops, that can be showed by plot construction (figure 3-A).  

F�	
 � Defining corresponding to transition zone sensor (A) and evaluating the 

integrated relaxation pressure (B) 
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C��� !"�#$% &%"%$% !�#�� '�#�� (C)*+ #, ! '�#��  %&ucing velocity of a peristaltic wave 

passing into the distal esophagus. It is also a point corresponding to the start of a lower 

esophageal sphincter. Distal latency characterizes the elapsed time till the peristaltic wave will 

not reach the CDP. The values more than 4.5 seconds are within the normal range. 

Esophagogastric junction (lower marginal points of lower esophageal sphincter) is selected 

to determine the integrated relaxation pressure [8]. The pressure values at these points are 

then ranked in ascending order and the plot is constructed (figure 3-B).  

      (3) 

 The IRP is a curvilinear integral pressure for some temporal limit, divided by it. Usually is 

taken 3 or 4-second interval. Normal values for IRP do not exceed 15 mm Hg. Also can be 

determined the time the pressure in the gastrointestinal compound was below a certain value. 

Another parameter that is defined by HRM data is pressurization front velocity. For its 

evaluation on a pressure topographic plot is selected circuit equal to 30 mm Hg and points 

corresponding to a boundary of the transition zone and an upper boundary of the lower 

esophageal sphincter. Then the incline of the line, constructed on these points, is calculated, 

expressed in cm / s. 

,       (4) 

where dx - a temporal value, y - the depth of the esophagus, where the pressure sensor is 

located. 

Distal contractile integral characterizes the length of the distal esophagus, the speed and 

duration of contractions, expressed in mmHg I s I cm. It is necessary for assessing the state of 

the distal esophagus, as well as the success of the passage of peristaltic waves [9]. Calculated 

by multiplying the length of the distal parameters, duration of contractions and pressure on 

this interval. This takes into account only those values that are higher than 20 mm Hg. The 

normal value of the integral distal is in the range of 5000 mm Hg I a I cm. 

,    (5) 

where dx - time increment rate, dy - the increment length of the esophagus, P (x, y) - pressure 

function,  - the beginning and the end of contractions in the distal esophagus, 

respectively, � -./ 0/1233231 435 -./ /35 67 528-49 /86:.41;8 </9ative to the total length 

Area of high-resolution manometry application is not limited to diagnostics of a 

gastrointestinal tract.  It can be also used in cardiac diagnostics, detection of problems in 

respiratory system [10]. The usage of this method has improved the understanding of many 

processes, has facilitated diagnosis of achalasia, functional obstruction and others and has 

allowed describing new types and sub-types of diseases [11]. The developed algorithm can be 

integrated in the long-term manometry diagnostics, allowing detecting the events, which 

cannot be found during the conventional procedure in a short period of time [12].    

The goal of the algorithm – to do possible the automatic processing of the HRM researches 

results, such as defining the spatial temporal limits and evaluating topographic pressure 

parameters, that allows to decrease the time of manual diagnostics by clinicians, especially in 

case of long-term (24-hours) research. 
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Last years changes in radiology equipment which is in use  in Russian hospitals lead 

changes in  quality assurance  of this equipment in clinical conditions. Given the fact that the 

changes are mainly concern the data registration by using various modalities (such as digital 

X-Ray, digital mammography, angiography and computed tomography), differences in 

quality assurance   relate mainly to the evaluation of the imaging quality properties. 

TUVWXYVUZ \]^V_U` UV^abU cdefXV_ ghYe W]U `dacU\WXve parameters estimation methods by a 

_hYdf Yg UifUhW` WY W]U YacU\WXjU UifUhXeUVW^bbkl\Ymputation methods which are provided in 

^dWYe^WX\ eYZU mXW]YdW f^hWX\Xf^WXYV Yg W]U UifUhW`.  

In this case it is necessary to use specialized software and associated test objects.  

Asetofprogramsandtestobjectshavebeendevelopedby  Moscow Design office RoentgenTest 

Co Ltd. On the basis of these tools it is possible to estimate generalized imaging 

characteristics of the digital X-ray detectors such as modulation transfer function (MTF) and 

detective quantum efficiency dependence on spatial frequencies and doses on the detector 

surface (DQE(u,v)). As for CT scanners, the list of the evaluated characteristics is the 

following:  noise, mean Hounsfield unitvalue (HU), homogeneity, slice thickness, modulation 

transfer function and spatial resolution. 



nopqrst u v wsxoyrtz {tx psw|}qo~ {rxox woxrprto

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

160 

�� �� ��������� �� ������ ���� ���������� �� ������ncy dependent DQE for digital X–Ray 

detectors (utilizing MTF) is usually conducted in laboratory conditions since in clinical 

operating conditions DQE(u,v) estimation is not convenient  because of a lot of time required 

for tests and inability to secure all the requirements established by standards [1-3]. In this case 

more convenient and easy way is to determine DQE in the region of zero spatial frequencies– 

DQE(0,0). The corresponding algorithm has been developed and additional software module 

for DQE(0,0) evaluation has been designed on its basis. No need to determine MTF in this 

case – it is enough to register a single “clean field”  image with given dose and 

given radiation qualityforexample, RQA 5 (X-Raytubevoltage 70 kV, additionalfiltration 21 

mmAl), at the detector’s surface. Signal to noise ratio (SNR) at the output of the detector is 

calculated on the basis of this “clean field” image too. Special arrangements are taken in order 

to avoid the influence of the input X-ray field non-uniformityon the noise power spectrum 

evaluation. 

Structurally the software consists independent modules for different modalities which can 

be used as a separate programs also: a module for DQE (u,v) evaluationof digital systems 

which are utilized in general radiography; a module for DQE (u,v) evaluation of digital 

mammography units; a module for DQE(u,v) of dynamic imaging devices (angiography) 

evaluation; a module for DQE(0,0) estimation as well as a module for CT scanners imaging 

���������� ���������������� �������� ��� ����������d on the basis of professional 

����������� �������� ��������� ������ ������ ���� �C ++ has been chosen as a 

����������� ����������

The operating process with each of the listed program modules is implemented by 

sequential treatment to the relevant windows. For example, the program module for DQE(u,v) 

of X-ray devices (general type) evaluation includes a window with electronic form intended 

for recording the information concerning parameters of X-Ray imaging device (from specified 

manufacturer) and parameters providing correct program operationalso; a window for 

estimation of the conversion function; the windows for estimation of lag effects, MTF; a 

window for evaluation of quantization errors influence, noise power spectrum (NPS) and 

detective quantum efficiency. 

To be sure in proper program operation the main rule should be satisfied - it is necessary to 

register all the required images in accordance with International standardDICOM 3.0 

(modalities DX, MG, XA, CT). Presentingsoftware has Russian-language interface, which 

greatly simplifies operating process for Russian users and can be installed on any personal 

�������� ������� ����� ��������� ������ ��  �������The fact that the program modules 

��� ¡� ��������� �� � �������������������� ��������antly reduces the time for which medical 

��������� �� �¢������ ���� �������� ���������� ����ess. This is especially true for equipment 

����� �� ���� ���� ������� ���������� ����������� and CT) – images required for parameters 

���������� ��� ¡� �¡������ �� ��� ������������� �pparatus in a relatively short  time and 

����� �������� ���� �������� ���������¡�� ���� ���e can be done on a freestanding computer 

(or notebook). Thus, the patient studies may be continued through the short time interval. 

It should be noted additionally that all the modules (as a separate programs) have been 

registered by the Federal Institute of Industrial Property, Russia. 

As for the test objects, special tools have been designed for MTF evaluation – one for 

detectors utilized in general radiography and dynamic systems and the other – for 

mammography units.  

A set of  CT testobjects consists of four separate units which allow to estimate parameters 

of image quality and dose characteristics (CT dose index) in two regimes – «Head» and 

«Body». 
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´µ¶·¶¸¹¶º ·»¼¹½¾µ¶ ¾¸º ¿¾µº½¾µ¶ ¼»µ ÀÁ¾ÂÃ¹Ä ¾··Áµ¾¸ce of digital X-ray imaging devices 

¾¸º ÅÆ ·Ç¾¸¸¶µ· ¿¾È¶ Ç»¸¼ÃµÉ¶º ¹¿¶Ãµ¶¼¼¶Ç¹ÃÈ¶¸¶·· Çonvenience and simplicity in use during 

·»É¶ Ä¶¾µ· »¼ »Ê¶µ¾¹Ã¸Ë Êµ¾Ç¹ÃÇ¶ Ã¸ ¿»·ÊÃ¹¾Â· ¾¸º Çlinics located in various Russian regions.
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1.Introduction 

Over the past two decades, incidence of melanoma has increased dramatically worldwide. 

According to foreign authors, the average annual growth rate of standardized incidence of 

melanoma is 3 to 7% [1]. 

In the Russian Federation ~ 0.3% of the population (about 400,000 people) have a 

malignant skin tumors. Of these, almost 20% (over 65,000 people) have melanoma of the 

skin, mortality of patients within 1 year after diagnosis - 15%. 

At the present stage in dermatology at diagnosis is common visual inspection and the 

results of other studies are clarifying nature. The accuracy of this diagnosis depends 

essentially on the experience of the doctor, his condition at diagnosis and a number of other 

factors, to some extent affect the process of assessing the severity of the disease. That is, in 

the diagnosis of a high probability of error of a subjective nature, as well as the error 

associated with the use of a particular method of diagnosis. 

All of the above demonstrates the need for an automated system for the rapid diagnosis of 

pigmented skin lesions for early detection of pre-cancerous changes in the skin. 

2.Clinical parametres of pigmented skin lesions 

The main reasons for the appearance of pigmented skin lesions:  

• Adolescence is a endocrine changes in the body, especially affecting the increase in the 

number of tumors. 

• Skin diseases (irritation, acne, rashes, etc.) provoke the appearance of new lesions, 

causing inflammatory changes of the epidermis. 

• Excessive sun exposure of the skin is the most powerful catalyst, leading to an increase in 

the number and growth of tumors. 

• Fluctuations in the level of sex hormones in the body of a pregnant woman: a progestin 

and an estrogen. 

• Exposure to adverse factors: toxic substances, various types of radiation. 

• Genetic disorders 

Under the above influences pigmented skin lesions characterized by changes in parameters 

such as the border, color, square and shape (Fig. 1) [2].  
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êëìí î Changes pigmented tumors under different treatments 

3.Diagnostics of pigmented skin lesions 

For the diagnosis of precancerous skin lesions, it is important to monitor the dynamics of 

changes in these parameters. Usually it is the use of the following methods of diagnosis of 

tumors: dermatoscopy, fluorescence, thermometer and cytology. 

Analysis of these diagnostic methods [2] shows that the most common and is used by 

dermatoscopy. 

The sensitivity and specificity for the diagnosis of dermoscopy pigmented skin lesions are 

very high, so is the most widely used diagnostic tool for the diagnosis, thus avoiding 

traumatic operations in diagnosis of pigmented skin lesions with a low risk of malignancy. 

Fluorescence diagnosis is used as an additional diagnostic method and helps to detect 

hidden, small in size of tumor lesions on the skin surface. 

Coincidence thermometric and histological diagnoses occurs in 94.8% of cases with skin 

melanoma and 67.9% - in benign tumors of the skin. The accuracy of the thermometric 

method is limited by the fact that not all melanoma have properties hyperthermia. 

From all the above, we can conclude that for the rapid diagnosis of pigmented skin lesions 

is necessary to develop an automated non-invasive method for the early diagnosis of 

pigmented skin lesions based on the digital dermatoscope and specialized software. 

Structural diagram of the automated method of express diagnostics of pigmented skin 

lesions is an image registration unit and information processing unit (Fig. 2). 

ïðñò ó Structural diagram of the method of automated express diagnostics of 

pigmented skin lesions 

The developed method is to register and subsequent digital processing of images of 

pigmented skin lesions [3]. Recording is done with a digital camera and the lighting system. 

After image registration should be pre-treatment imaging: color correction. After that 

evaluated the image quality: evaluation of brightness, contrast, tone saturation, sharpness of 

images. After evaluating the image quality to meet the requirements should be detailed image 

processing, which is to find the standard and its parameters: R-, G-, B-color values, an area of 

1 pixel in the image. Further there is a recognition of the tumor and the determination of its 

parameters, such as the border, area, diameter, color of pigmented skin lesions. Using 

software interface, the doctor sees all calculated parameters to a computer [4]. All data is 

stored in the database for each patient, so the doctor can perform a comparative analysis of 

tumors at regular intervals. Algorithm of the method of rapid diagnosis of pigmented skin 
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l������ �� 	
������� �� 
���
� �� ����� �� ��� �l��rithm and the principle of operation of the 

complex automated express diagnostics pigmented skin lesions had developed software to 

measure the parameters of pigmented skin lesions and assembled the layout of the complex 

automated express diagnostics pigmented skin lesions (Fig. 4 and 5)[5]. 

F��� � Algorithm of the method of automated express diagnostics of pigmented 

skin lesions 

F��� � The software interface for measuring parameters of pigmented skin lesions 

F��� � The layout of the complex automated express diagnostics pigmented skin 

lesions 



����� ! " # $ %�&�!' (!% � $)*��+ (�%�% $�%���!�

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

164 

4,-./01235./3

Melanoma - one of the most malignant tumors. In most countries has been steadily 

increasing the number of cases of melanoma. In this regard, questions clinic melanoma 

remain highly relevant. Is currently under intensive search for rational forms of detection and 

primary prevention of melanoma, improved diagnostics. Unfortunately, many aspects of the 

pathogenesis, diagnosis, finally resolved, so it is advisable to periodically summarize and 

systematize proven themselves in practice new scientific data, as well as the experience of 

predecessors. One of the most important aspects of melanoma is to improve early diagnosis, 

thereby increasing the effectiveness of treatment. 

Literary analysis showed that the formation of melanoma affected by the same factors of 

influence, as in the pigmented lesions: UV and IR-radiation, mechanical and chemical effects, 

etc. The main clinical signs of melanoma are asymmetry, color, diameter, and their dynamics 

over time. These clinical signs can be completely described parameters such as area, color, 

border and shape. 

In this article we addressed the following methods of diagnosis of pigmented skin lesions: 

dermatoscopy, thermometers, cytology and fluorescence. Analysis of these diagnostic 

methods showed the need for automated non-invasive method of express diagnostics of 

pigmented skin lesions based on the digital dermatoscope and specialized software. 

Formulated medical and technical requirements allowed us to develop a structural diagram 

and  algorithm that implements the method of automated express diagnostics of pigmented 

skin lesions, as well as software for the measurement of parameters of pigmented skin lesions, 

compiled the layout of the complex automated express diagnostics pigmented skin lesions. 
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Motivation: In 2010, approximately 14.9 million babies (11.1%) were born preterm 

(before 37 completed weeks of gestation) [1]. In contrast to full-term newborns, premature 

and very low birth weight (VLBW) babies (< 1500 g) have an incompletely developed 

thermoregulatory system. Therefore, it is important to maintain their body temperature in a 

small target range, since they are extremely vulnerable to environmental temperature changes 

[2]. Indeed, thermal stress in neonates has been highly correlated with increased morbidity 

and mortality [3]. According to clinical guidelines, their skin temperature must be in the range 

of 35.5 °C to 37.5 °C, and core temperature should be approximately 37 °C (36.8–37.5˚C) [2]. 
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HIJKLKMN OP IMQKM RI TKKU VP VUUMIUMOVRKQ WIQX RKYUerature several complex physiological 

processes such as lipolysis and gluconeogenesis are involved. Hence, the more energy 

expended to maintain an adequate temperature, the less energy is available for other crucial 

processes, for example growth, lung maturation, brain developments [2]. In addition, there are 

several factors of the neonatal physiology that predispose to increased heat losses, (1) reduced 

amount of brown adipose tissue, (2) a thin subcutaneous fat layer, (3) increased surface area 

to body weight ratio, (4) high evaporative losses, among others [4]. Therefore, it is crucial to 

maintain premature/VLBW babies in a neutral thermal environment (which guarantees 

minimal metabolic activity) to improve clinical outcome [5-6]. 

Adapted distributed models can offer a deeper insight into heat transfer processes and 

body-environment interactions. In addition, they can be used to optimize warming therapies 

and hyperthermia processes as well as to obtain more detailed knowledge on pathophysiology 

related to heat transfer processes. In sum, mathematical models allow to simulate and predict 

clinical situations without involving real patients in clinical studies. In this paper we present a 

compartment model of the thermoregulatory system of a neonate. With it we intend to predict 

the core and skin temperature of neonates depending on the environmental conditions (e.g. 

temperature and relative humidity). 

Methods: The model introduced here is schematically illustrated in Fig. 1. It was 

inspired by Bussmann et al. (1998) [7] and Fiala et al. (1999) [8]. While the former group 

developed a thermoregulatory system of a neonate, the latter focused its work only in adults. 

Our model consists of a main system, i.e. the controlled system (also known as plant or 

passive system). The passive system models the physical body of a newborn and the heat-

transfer processes. It is composed of one spherical and six cylindrical compartments (head, 

thorax, abdomen, arms and legs). The body compartments are, in turn, constituted of 

concentric layers. The head is formed by brain, bone, fat and skin; the thorax and abdomen 

consist of five layers (thorax: lung, bone, muscle, fat and skin (Fig. 1); abdomen: viscera, 

bone, muscle, fat and skin); and the upper and lower extremities comprise four tissues (bone, 

muscle, fat and skin). Moreover, the model includes a last compartment, the central blood that 

stands for large arteries and veins (Fig. 1). It was implemented in the environment Dymola 

(Dymola 2015 FD01, Dassault Systèmes AB, Lund, Sweden). Note that all parameters in our 

approach were based on literature.

Z[\] ^ (a) Illustration of the seven compartments (head, thorax, abdomen, arms and legs) 

which constitute the whole body. (b) Representation of the body compartment thorax and 

respective layers (lung, bone, muscle, fat and skin). (c) Graphical illustration of (a) the radial 

heat conduction across the thorax tissues/layers, (b) vascular convective heat transfer, and (c) 

heat exchange with the environment via convection, evaporation, radiation and conduction. 
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qr stuvt ws uvxytz{v w|v |v}wzr~ wt}rx�vt �vy|}rzx�s in a tissue (e.g. heat storage or 

accumulation, conduction, metabolic heat generation/production and blood perfusion), the 

one-dimensional heat transfer equations was used. For a single layer, the heat transfer by 

conduction is given by the following mathematical expression: 

In the above equation, Tt (K), Gt (kg m
-3

), ct (J kg
-1

 K
-1

), kt (W m
-1

 K
-1

), Kt (dimensionless) are 

the temperature, density, specific heat, thermal conductivity and countercurrent factor of the 

tissue t (brain, bone, fat, lung, muscle, skin or viscera). In addition, Gbl (kg m-3), cbl (J kg-1 K-

1), represent density and specific heat of the blood. The variables wbl,0 (s
-1

), Tbl,a (K) are the 

blood perfusion in thermal neutrality and temperature of the arterial blood. The conduction 

heat transfer is dependent on the radius r (m), geometry factor � (dimensionless) [�=1 for 

polar coordinates (cylindrical compartments: abdomen, thorax, arms and legs) and �=2 for 

spherical coordinates (spherical compartments: head)]. The metabolism term Mt (W m-3)

defines the energy generation due to biological processes. It is the main source of heat in 

preterm/VLBW babies. 

The total body surface area (BSA) (m
2
) has a great influence on the heat transfer processes, 

therefore it is one of the input parameters of our compartment model. The BSA was 

calculated using the equation proposed by Meban (1983) [9] 

Here, W (kg) corresponds to the weight of the newborn and L (cm) to the crown-heel length. 

BSA was further used to compute the area A of each body compartment (Ahead, Athorax, 

Aabdomen, Aarm and Aleg). 

In contrast to the remaining tissues, skin exchanges heat with the environment by 

convection, evaporation and radiation.  In addition, when the body is in contact with a surface 

(e.g. a mattress) heat transfer by conduction needs to be also considered. Therefore, the 

bioheat equation of the skin comprises four additional terms, qc, qe, qr and qcd. 

The term qc models the convective heat exchange between the neonate and the incubator 

air as defined by 

( )airskinaskincc TTAhq −⋅⋅= , , (3)

where hc (W m
-2

 K
-1

) and Askin,a are the convection coefficient and area of the skin exposed to 

the air. 

Evaporation of water [from the skin (qev) or from the respiratory system (respiration)] is 

one of the major forms of heat loss in premature babies. The first (evaporation of water from 

the skin) is described according to 

TEWLAeq askinevev ⋅⋅= , . (4)

In the above equation eev and TEWL (g m
-2

 h
-1

) are specific enthalpy of the vaporization of 

water (0.65 W h g
-1) 

and transepidermal water loss. 

Radiation, in turn, is the heat transfer by long-wave radiation (qr). It is dependent on 

parameters such as mean radiant temperature [TMRT (K)] and radiative heat-exchange 

coefficient [hr (W m
-2

 K
-1

)] as given by 

( )MRTskinaskinrr TTAhq −⋅⋅= , . (5)
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��� ���������� ���� ����� ��� ¡��¢��� ��� ������� �nd the mattress (qr) is a scenario that 

must be also considered in the model. It is defined by 

( )mskinmskinmcd TTAkq −⋅⋅= , , (6)

Where, km (W m
-2

 K), Tm (K) and Askin,m (K) are the heat transfer coefficient, the temperature 

of the mattress, and the area of the skin in contact with the mattress of the incubator. 

Our model was validated in thermal neutrality (steady state) by comparing the simulations 

with measurements carried out by Hammarlund et al. (1983) [10] in 10 newborn babies 

directly after birth. The group was constituted by 4 female and 6 male babies, with a 

gestational age of 39.60 ± 0.70 weeks [mean ± standard deviation (SD)], a weight of 3.71 ± 

0.54 kg and a length of 0.51 ± 0.02 cm.

Results: In this paper we used the work of Hammarlund et al. (1983) [10] to validate the 

model during stable environmental conditions. Table 1 compares the empirical data 

(rectal/core temperature and skin temperature) obtained by the latter group with our model 

simulations. The mean difference in core temperature between measurements and simulation 

was 0.22 ± 0.19 °C, and that of skin averaged 0.41 ± 0.41 °C. As shown, similar results were 

achieved. Therefore, we can infer that this approach is able to estimate accurately core 

temperature and skin temperature in neutral conditions in full-term newborns. Unfortunately, 

we did not find in the literature similar studies to that of Hammarlund et al. (1983) [10] but 

dealing with preterm infants. Perinatal and natal research is still a controversial field due to 

ethical reasons. Premature babies are extremely vulnerable subjects, therefore ethical aspects, 

such as risks and benefits, clinical equipoise, parental informed consent and assent, must be 

weighted before clinical studies. In 1998, Bussmann et al. presented a similar approach. In 

contrast to it, our model includes more compartments and layers, therefore we expect to 

predict a more accurate global and local physiological responses. 

Table 1 Comparison between the measurements performed by Hammarlund et al. 

(1983) [10] and the results achieved with our simulations 

  Hammarlund et al. (1983) Mathematical model 
Temperature 

difference 

I 
GA 

Tamb ± 

SD 

Tcore ± 

SD 

Tskin ± 

SD 
Tamb

Tcore ± 

SD 

Tskin ± 

SD 
Tcore Tskin

weeks °C °C °C °C °C °C °C °C 

I1 39 34.2 ± 1.5 36.7 ± 0.4 35.4 ± 0.3 34.2 36.8 ± 0.1 35.4 ± 0.1 0.1 0.0 

I2 38 34.6 ± 0.4 36.9 ± 0.1 36.0 ± 0.1 34.6 36.8 ± 0.1 35.7 ± 0.1 0.1 0.3 

I3 40 34.8 ± 0.2 36.7 ± 0.1 35.7 ± 0.2 34.8 36.8 ± 0.1 35.8 ± 0.1 0.1 0.1 

I4 40 34.5 ± 0.3 36.6 ± 0.1 35.5 ± 0.1 34.5 36.9± 0.1 35.8 ± 0.1 0.3 0.3 

I5 40 34.1 ± 0.2 36.6 ± 0.1 34.5 ± 0.4 34.1 36.9 ± 0.1 35.7 ± 0.1 0.3 1.2 

I6 40 34.2 ± 0.4 36.8 ± 0.1 34.6 ± 0.4 34.2 36.8 ± 0.1 35.6 ± 0.1 0.0 1.0 

I7 40 32.6 ± 0.4 36.1 ± 0.0 34.6 ± 0.3 32.6 36.6 ± 0.1 35.2 ± 0.1 0.5 0.6 

I8 39 33.2 ± 0.3 36.4 ± 0.2 35.2 ± 0.1 33.2 36.7 ± 0.1 35.3 ± 0.1 0.3 0.1 

I9 40 32.5 ± 0.2 36.7 ± 0.1 34.9 ± 0.1 32.5 36.7 ± 0.1 35.3 ± 0.3 0.0 0.4 

I10 40 33.6 ± 0.1 36.2 ± 0.2 35.3 ± 0.2 33.6 36.7 ± 0.1 35.4 ± 0.1 0.5 0.1 

Mean 39.6 33.83 36.57 35.17 33.83 36.77 35.52 0.22 0.41 

SD 0.7 0.82 0.26 0.51 0.82 0.10 0.23 0.19 0.41 

I – infant, GA – gestational age, SD – standard deviation, Tamb – ambient temperature, Tcore – core 

temperature, Tskin – skin temperature
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´µ¶·¸¹º»µ¶º¼ We have presented in this paper the passive system of a multi-node model of 

the thermoregulatory system of newborn infants. A first successful validation of the current 

model in thermal neutrality was performed by comparing the measurement results of 

Hammarlund et al. (1983) [10] with our simulations in Dymola. This mathematical approach 

demonstrated to be able to predict body temperatures (core and skin temperature) during 

thermal neutrality. The next step should be the implementation of the active system to 

describe the regulatory mechanisms, i.e. nonshivering thermogenesis (oxidation of brown 

adipose tissue) and vasomotion (control of peripheral blood flow through vasodilation or 

vasoconstriction). In addition, the validation of the model should be extended to premature 

infants (moderate preterm, very preterm and extremely preterm infants).
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As still not defined regulatory framework for medical X-ray diagnostic in unspecialized 

conditions, such as "at home", the solution of this problem is becoming more acute. 

Reasons for conducting X-ray diagnostic studies at home may be different, including: 
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Ò ÓÔÕÖ×ØÙ ÚÓÛÜØÔÝÓÚ ÙÔÞßØ×ØÔÞ ØÞ ÛàßÛÜàá âÖ×ØÛÞ×Ó ãho are unable to get to the health facility 

for suspected pneumonia, fractured limbs, other trauma, etc .; 

- availability of financial well-off citizens who do not want to stand in line at the 

reception, and is therefore ready to pay for X-ray diagnostic, for example, for the purpose of 

diagnosis and monitoring of inflammatory control in the lungs or the fracture healing process 

at home. 

However, in many cases, X-ray radiography in unspecialized conditions can not be 

regarded as a method of definitive diagnosis, since there is a number of specific restrictions in 

carrying out such researches: 

- often medical condition of patient does not allow to perform X-ray examination in the 

standard (at least 2) projections; 

- on the size and weight of the X-ray apparatus, X-ray visualisation system and, most 

importantly, the tripod device; 

- on the value of exposure dose of X-rays; 

- on the total electric power consumption. 

Obviously, the use of traditional stationary tripod devices providing positioning X-ray 

apparatus relative to the patient, at home is not possible. Therefore, using portable tripods or 

takes the picture without using a tripod - "in hand." Therefore, special importance becomes 

the issue of radiation safety for the staff carrying out the study, and to others who may also be 

involved in the study, such as the laying of the patient. However, the use of stationary means 

of protection against the unused X-ray radiation, as well as remove others at a safe distance in 

the home is almost impossible. Therefore it is necessary to use such a technique of X-ray 

photography, which can significantly reduce the exposure dose of radiation than when using 

stationary devices. In this case, is extremely important to increase the image quality of the test 

authority, the necessary and sufficient for a decision on the presence or absence of pathology.  

Of particular importance to the issue of X-ray diagnostics in unspecialized conditions gives 

the important challenges of modern clinic - radiological surveys in neonatology. Additional 

difficulties in its decision are caused by the small size and weight of the newborn (up 400 g); 

conditions in which there is a child (incubator, open resuscitation system, operating), as well 

as the severity of his condition (reanimation, intensive care, rehabilitation). Often, because of 

the condition of the patient: artificial ventilation, cardiac or infusion therapy, active aspiration 

- X-ray study can be conducted only in the reanimation.. 

At the same time the conducting digital X-ray radiography for newborns very claimed. 

According «City Children's Hospital �1» (Saint-Petersburg) only in its resuscitation units 

annually around 4500 radiographic procedures in 2 or 3 projections. In total, it is up to 10 

thousand X-rays in a year. Currently, these studies are carried out on the domestic or foreign 

X-ray machines, practically not adapted to the problems and conditions of the resuscitation of 

newborns with pathologies. Accordingly, the additional radiation load subjected to medical 

staff and other patients. 

Research carried out in collaboration with experts from Federal Almazov North-West 

Medical Research Centre and «City Children's Hospital �1» showed that virtually all 

requirements to the organization of the X-ray studies in unspecialized environment and, above 

all, neonatology, satisfied by method of Microfocus X-ray radiography. [1].  

Its main features are:  

- using X-ray apparatus with a size of focal spot of x-ray tube is less than 0.1 mm; 

- 1.5-2 fold increase voltage on X-ray tube and 3-5 times decrease focal distance as 

compared to standard X-ray technique [2, 3].  

To implement a methodology was developed specialized digital X-ray diagnostic complex 

"PARDUS-Neo" composed of the X-ray apparatus "PARDUS" in a portable version and X-

ray visualisation system on the basis of the screen with the photoluminophore. The 
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õö÷øùúûõùüö÷ öý ùþÿ ýüúøù cö�ÿøùüõ �öúù���ÿ ����ú�ùus "PARDUS-R" allows to obtain X-ray 

images without the use of a stationary tripod. X-ray lab assistant takes a picture while holding 

the device in hand, while being in the radiation safety conditions (Fig. 1) [4]. 

F��� �� 	
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�
��� �	���������

Figure 2 shows an X-ray image of the preparation of the newborn body obtained by the 

method of Microfocus X-ray radiography in unspecialized conditions on the X-ray diagnostic 

complex "PARDUS-Neo". 

�ü� ! "#ú�$ ü���ÿ öý ùþÿ �úÿ��ú�ùüö÷ öý ùþÿ ÷ÿ%�örn body. 

On the X-ray image is good visualized structure of bone elements: bone of the skull base, 

thorax skeleton, spine, pelvis and long bones, and soft tissues, including non-contrast 

nasotracheal tube.  

Figure 3 shows the X-ray images of the thoracic department (patient P., age 7 months, 

weight 3.5 kg), obtained in a stationary X-ray room in «City Children's Hospital �1» (Fig. 

3a), and obtained in unspecialized conditions "at home" of the same patient (Fig. 3b) using the 

complex «PARDUS-Neo». 
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a b 

6789 : ;<=>? 7@>8AB CD EGA EGC=>H7H IAJ>=E@AKE9 :> - stationary X-ray room in «City 

Children's Hospital �1»;  3b - unspecialized conditions "at home" using the complex 

«PARDUS-Neo» 

LMMNOPQRT UN VWXVOUY UZV QR[NO\]UQ^VRVYY N[ UZV _`Oay image obtained at home, almost as 

good as X-ray image obtained in the hospital.  

Thus, the described results of research open the prospect of the use of techniques of 

Microfocus X-ray portable technical equipment for newborns research.  
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Introduction. Research of genesis and treatment of cerebral aneurysms is very important, 

because the rupture of cerebral aneurysms occur about 50% of hemorrhagic strokes. In 

assessing the preoperative hemodynamics of patient with cerebral aneurysm the problem of 

estimation of hemodynamic parameters in selected cerebral artery arises. Although at the 

moment there are significant advances in the modeling of hemodynamics of cerebral 

aneurysms, some areas are still not well studied. In numerous studies the researchers don’t 

consider non-newtonian properties of blood, which in some cases leads to significantly 
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tuvwxywuxzv uz y{v|}wv~ �z �xvw vw|tu{v w�{ y{v|}wv of mathematical modeling are not validated 

by experiment studies. In the majority of studies. It is not considered in detail the relationship 

between the global hemodynamic disorders, heart disease and hemodynamics of cerebral 

aneurysms. Development of methods, models and algorithms for modeling of cardiovascular 

system for preoperative assessment of hemodynamics of patients with cerebral aneurysms is a 

topical scientific and practical task. The aim of the study is to improve methods of 

mathematical modeling of cardiovascular system considering individual characteristics of 

cardiovascular system and influence of factors of global hemodynamics. 

Methods. Multiscale mathematical model of cardiovascular system was used to assess the 

preoperative hemodynamics of patients with cerebral aneurysms [1, 2]. Multiscale model of 

cardiovascular system is a set of mathematical models of hemodynamics with different spatial 

dimension, which are coupled together using corresponding boundary conditions. 

Model of global hemodynamics (0D model) is used to describe the hemodynamics of the 

whole cardiovascular system. With this approach, the entire cardiovascular system is 

considered as a set of interconnected elements. Each element is described as a lumped 

parameter model. The advantages of such approach are computational efficiency and a 

relatively small number of experimentally determined parameters of the model. Developed 

0D model describes the main compartments of the cardiovascular system, and includes a 

description of heart in terms of physiology. In the developed model of the arterial tree 

hemodynamics (1D model) an arterial tree is described as the set of one dimentional arteries. 

It is assumed that the blood velocity and pressure in the artery are changed only along the 

length of the vessel. Cross-section area of artery varies along the length of the artery under the 

influence of blood pressure. This model allows to investigate the phenomenon of pulse wave 

propogation through the arterial system. Arterial tree model consists of 48 arteries and 

represents the upper body arteries, as well as cerebral circulation. For the proper description 

of the 1D model it is required an assignment of corresponding boundary conditions at the inlet 

and outlet elements of arterial tree. Such boundary conditions can be obtained by using the 0D  

model of hemodynamics. Using the developed 3D model of local hemodynamic of cerebral 

artery it was described a local hemodynamics of cerebral artery with aneurysm. 3D model of 

local hemodynamics was developed using the Navier-Stokes equations. Non-Newtonian 

properties of blood were described by power-law approximation. High performance 

computing techniques were used to solve the 3D model of local hemodynamics of cerebral 

artery. In addition to the computational cost for 3D model of hemodynamics, there are certain 

difficulties in obtaining reliable forms of  computational domain. For the computation domain 

definition it can be used methods of clinical research such as magnetic resonance and 

computed tomography. For 3D model the boundary conditions for velocity and pressure were 

obtained from model of arterial tree hemodynamics. 

Thus, for correct numerical studies of hemodynamics of cerebral artery with aneurysm it is 

required to develop a set of coupled mathematical models of hemodynamics (0D, 1D and 3D), 

which together represent a multiscale mathematical model of the cardiovascular system (Fig. 

1). Multiscale model of the cardiovascular system allows to couple models of global 

hemodynamics, hemodynamics of arterial tree and model of local hemodynamics of cerebral 

artery, which allows to utilize the advantages of each type of model and minimize their 

weaknesses. For example, when assessing hemodynamics of cerebral artery it is possible to 

study the influence of global hemodynamic disorders (0D model) on the local hemodynamics 

of cerebral artery with aneurysm (3D model). 

Results and Disscussions. To assess the preoperative hemodynamics of patient it was 

selected the left internal carotid artery with aneurysm, the geometry of which is shown in Fig. 

2. The length of the test cerebral artery segment is 8 cm, width - 40 mm. The lateral size of 

the aneurysm is 12 x 10 x 7 mm. The diameter of the input segment is 8 mm. Diameter of 



������� � � �������� ��� �������� ����� ��������

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

173 

������ �������� � � ���   ��¡ ¢����£�¤¥�¦§¨ ©�¢ � �reliminary assessment of preoperative 

hemodynamics of the selected cerebral artery a series of experiments using CT angiography 

was conducted in the department of Neuroradiology of Klinikum Rechts der Isar of Technical 

University of Munich (Munich, Germany). The experimental studies were conducted using a 

modified experimental setup located in the laboratory of interdisciplinary research of 

Klinikum Rechts der Isar [3]. Patient's cardiac cycle was simulated using the experimental 

setup. Physician uniformly inject a radiopaque substance in the model of cerebral artery. Fig. 

2 and Fig. 3 shows an angiogram obtained during the experiments. Such images are used in 

clinical practice for a preliminary assessment of hemodynamics in cerebral arteries, but they 

do not allow to assess blood velocity for the cerebral artery with acceptable accuracy. 

ª«¬­ ® Structure of multiscale mathematical model of cardiovascular system. 

�
a) b) 

Fig. 2 Individual geometry of cerebral aneurysm: a) XY-plane; b) perspective 

view. 

To assess the preoperative hemodynamics of cerebral artery it was used the developed 

multiscale mathematical model of the cardiovascular system. The advantage of this approach 

is that the velocity and pressure in aneurysm model can be determined with high precision in 

a reasonable time (about 6 hours). It was prepared a computational mesh consisting of 2 

million elements. The simulated time was 5 seconds. As a result of simulation the velocity 

and blood pressure were determined, particle tracks and streamlines were computed. 

Computed particle tracks in the anterior-posterior (AP) and lateral (LAT) projections at time 

789.2=t  s are shown in Fig. 5. Computed streamlines are shown in Fig. 6. 

Conclusion. According to the numerical results, the presence of unstable vortex can lead 

in consequence to thrombus formation. In the inlet segment a blood flows at a maximum 

velocity of 1.27 m / s; in the output segment a blood velocity does not exceed 0.75 m / s. 
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⋅ − 5.0;104 4  m/s. The 

smallest value of wall shear stress were found in the dome of the aneurysm, which might 

cause further growth and rupture of cerebral aneurysm. Numerical results show a good 

agreement with experimental studies. The relative error doesn’t exceed 10%, so it can be 

concluded that proposed multiscale mathematical model of cardiovascular system can be used 

for preoperative assessment of hemodynamics of patients with cerebral aneurysm. 

ÒÓÔÕ Ö ×ÍÌÇÂÌÑËØÐÉ ÂÙ

cerebral aneurysm – AP 

projection. 

Fig. 4 Angiography of 

cerebral aneurysm – 

LAT projection. 

ÚÛÜÝ Þ Particle tracks for cerebral aneurysm at moment 789.2=t s, computed using 

multiscale mathematical model of cardiovascular system.
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ðñòó ô Computed streamlines for bloow flow in cerebral aneurysm model at 

moment 789.2=t s. 
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Introduction

Today, there is a large number of different promising optical diagnostic techniques in 

medicine, one of which is a laser fluorescence spectroscopy (LFS) [1].To date, the most 

famous area of its application is oncology [2]. LFS is often used for "highlighting" the 

neoplastic tissues. The patient is injected with photosensitizer that selectively accumulates in 

tumours. By analysing the fluorescence signal a physician visually estimates the presumed 

border of pathology [3]. However, it should be noted that such diagnostic method is very 

subjective and it depends on the investigator’s perception. The quantitative criterion for 

evaluating the tissue’s state by LFS is the intensity of the fluorescent signal. However, the 

spectrum of the secondary radiation does not carry any diagnostic information to the 

physician. Also it is worth noting that the power of incident radiation and the properties of 

tissue have a strong effect on the detected signal. Accordingly, other methods of signal 

estimating have been proposed [4], but presented values are also unclear to the physicians. In 
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 translated into a diagnostically more 

significant value such as fluorophore concentration in the tissue. Previously, it was shown that 

the relationship between the fluorescence signal intensity and the concentration of 

fluorophore is nonlinear and this non-linearity is manifested at low concentrations of 

fluorophore [5].Thus, the goal of our research is to develop a magnitude which will linearly

depend on fluorophores concentrations with high accuracy for biological objects. 

Theory 

Since it is very important to obtain the information by LFS method in real time, it is 

impossible to use numerical methods. Therefore, analytical solution obtained in [5], which is 

based on a modified two-flux Kubelka-Munk and Kokhanovsky’s method [6], was taken as a 

basis. There were only two directions in the medium for light propagation – forward and 

backward. The forward-directed flux at excitation wavelength Ke was assumed to be denoted 

by i(x), and the backward-directed one was denoted by j(x). Let the corresponding fluorescent 

fluxes at the wavelength of fluorescence Kf be denoted by I(x) and J(x), respectively. Also, let 

the coordinate axis “x” be directed forward (from left to right, see Fig. 1). In the task we 

assume that the incident monochromatic light with excitation flux F0 at wavelength Ke

illuminates the left surface (x=0) of the tested light-scattering medium. Inside the medium 

some part of the excitation flux induces fluorescence at the wavelength Kf, so that both the 

pure backscattered radiation j(0) at Ke and the fluorescent backscattered radiation J(0) at Kf can 

be detected from the left surface of the medium. Also we assume that the medium is a semi-

infinite medium. 

F��� � Formulation of the 1D problem of light propagation in the light-scattering 

medium with fluorescence. 

  

In used approach the examined 1D light-scattering medium is characterized by its local 

optical properties: absorption coefficient Oa(K) [mm
-1

], reflection (Fresnel’s) coefficient R(K) 

characterizing the reflection on the boundaries of the homogeneities, and the average density 

of the homogeneities OG [mm
-1

] inside the medium. According to [5]  all these statements can 

be written mathematically as the basic system of differential equations describing the forward 

I(x) and backward J(x) fluorescent fluxes as follows:  

, ���

where #1(Kf) [mm
-1

] and #2(Kf) [mm
-1

] are the local attenuation and backscattering 

coefficients of the tested tissue at the wavelength Kf, respectively. They are determined for 

any wavelength λ by formulas [7]: 

 (2) 

 (3) 

where . 
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+-./012. +ef(x) in Eq. (1) describes the effect of enhanced fluxes due to the fluorescence 

effect at the wavelength Kf under the excitation of the fluorescence at the wavelength Ke. It can 

be calculated as [5]: 

, (4)

whereϕ(λe,λf) is a quantum efficiency of the fluorescence yield, 

and . Coefficient Af(λe) [mm
-1

] in Eq. (3) characterizes a part of the 

excitation fluxes {i(x)+j(x)} absorbed by fluorophore inside the elementary path-length“dx”of 

the medium [5]. 

To introduce into consideration a concentration Cf of the fluorophore in relative units 

(0<Cf<1) the total absorption coefficient OaΣ(Ke) of the medium at the excitation wavelength Ke 

was expressed as the sum: , where Oat(Ke) is the absorption 

coefficient of the medium without any fluorophores. The same approach was used to describe 

the total density of scatterers in the medium: . In a practical situation 

with a semi-infinite medium at a noninvasive (in vivo) LFS the registered fluorescence signal 

is J(0). Resolving the system (1) with the use of Eqs. (2)-(6) for the asymptotical semi-infinite 

case with boundary conditions I(0)=0, i(0)=F0, J(∞)=0 and j(∞)=0, one can obtain: 

 (5) 

The resulting dependence of J(0) on the concentration Cf for different medium optical 

parameters is presented on Fig. 2. It was assumed that Φ0=1, #=1, $�t=$�f. Obviously, this 

relationship is not linear. 

Fig. 2 Registered fluorescence signal J(0) versus relative concentration of the 

fluorophore Cf . 

1. µaf(λe)=200 mm
-1

; µat(λe)=1 mm
-1

; µρΣ=200 mm
-1

; R(λe)=0,2; µaΣ(λf)=0,2 mm
-1

; R(λf)=0,005. 

2. µaf(λe)=200 mm
-1

; µat(λe)=5 mm
-1

; µρΣ=200 mm
-1

; R(λe)=0,04; µaΣ(λf)=0,2 mm
-1

; R(λf)=0,02. 

3. µaf(λe)=300 mm
-1

; µat(λe)=1 mm
-1

; µρΣ=150 mm
-1

; R(λe)=0,04; µaΣ(λf)=1,5 mm
-1

; R(λf)=0,02. 

4. µaf(λe)=300 mm
-1

; µat(λe)=5 mm
-1

; µρΣ=150 mm
-1

; R(λe)=0,2; µaΣ(λf)=1,5 mm
-1

; R(λf)=0,05. 

As mentioned above, to implement the possibility of quantifying the fluorophore 

concentration in tissue by results of measurements, it is necessary to find a value depended on 

the detected intensity and other measured parameters, which changes linearly with the 

concentration, regardless of the optical parameters of the medium. 

Results 

This value is 

  (6) 

where #1 and #2 are calculated using the Eq.(2) and Eq.(3). Here, the first term is 

responsible for the absorption, the second one takes into account single scattering, and the 

third is responsible for multiple scattering. This statement is not obvious and it was 
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eDEGHGIJKKL MeHGNeMO PQ Re MeIGMeM TQ IUeIV GT QWTX This lines were drawn (dashed lines, 

Fig.3), approximating the dependences of "(Ke) on Cf. All of the optical parameters which 

affect the received value (Eq.6), were varying in the range of typical values for biological 

tissue. Also, determinacy factor (D
2
) was identified for each straight line. It is clear that "(Ke) 

depends on Cf  approximately linear with 98-99% accuracy (Fig.3). 

J a I

Fig. 3 Dependence of "(Ke) on the concentration of the fluorophore Cf  at different optical 

parameters of the medium. 

a - µaf(λe)=200mm
-1

; µρΣ(λe)=100mm
-1

; R(λe)=0,1; b - µat(λe)=5mm
-1

; µρΣ(λe)=100mm
-1

; R(λe)=0,1; 

c -µaf(λe)=200mm
-1

; µat(λe)=5mm
-1

; R(λe)=0,1; 

As "(Kf) does not depend on the concentration of the fluorophore, the ratio  can be also 

approximated by a straight line with high accuracy. By expressing this ratio from (5), we get: 

. (7) 

It is necessary to normalize measured J(0) to prevent the influence of incident power. For 

saving near to linear dependence (7), let’s normalize J(0) as  and denote 

normalized J(0) by J’’(0).

. (8) 

This equation with 98-99% accuracy is linear in relation to the concentration of the 

fluorophore in the tissue. Now in order to make the line going through point (0, 0), we have to 

subtract the value YZ[\ ]^ _`bc dfg hijf gjf[hj hij Zjklmhnfo jpqZjkkion by Y(Cf).

Considering Y(Cf), we can now have some ideas about the dynamics of fluorophore 

concentration in the tissue: we denote Y(Cf) at the moment t1 by Y1(Cf) and at the moment t2

by Y2(Cf). If we take into account that the same area is being investigated, their ratio can be 

represented in the following way: 

  (9) 

Thus, considering the ratio of Y2(Cf) to Y1(Cf),we can deduce we can determine the 

concentration ratio. Basing on the analytical solution of the problem of light propagation 

through biological tissues, we can conclude that the Eq. (9) should be used for quantitative 

comparison of the concentration of fluorophores between the tested region and the control 

one.

Conclusion 

This paper is focused on the problem of mathematical data processing for laser 

fluorescence spectroscopy. In our research we offered the algorithm for an approximate 

estimate of the concentration of fluorophores in tissue. This approach can be applied for 
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����������� ��� ������������� �� ������������ �� ��e tissue for obtaining more diagnostically 

significant information. 
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Measurement of nose tip temperature using IR imaging 
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Philips Chair for Medical Information Technology, Helmholtz-Institute for Biomedical Engineering, 

RWTH Aachen University, Pauwelsstr. 20, D-52074 Aachen, Germany

Introduction 

Driver distraction is an important factor in road safety. According to the U.S. 

department of transportation, 10 percent of all fatal crashes, 18 percent of all injury crashes 

and 16 percent of all police reported crashes occurred while the driver was distracted. [1] 

Driver distraction can be subdivided into four classes: Visual distraction, auditory 

distraction, mechanical distraction (e.g. driver is adjusting the radio) and mental distraction. 

Visual distraction can be monitored by analysing the driver’s gaze direction and 

auditory distraction can be assessed by measuring the noise level inside the vehicle. 

Mechanical distraction can be monitored by evaluating the amount of interaction between 

driver and vehicle interfaces (HMI). In contrast, mental distraction is difficult to assess since 

this type of distraction takes place inside the drivers head. Evaluation of mental distraction 

must therefore look for projections of the inner, distracted driver state onto measureable 

variables, for example behaviouristic and physiological variables. 

For example, other research groups have reported that mental distraction leads to a 

narrow field of view and fixation. [2] However, visual fixation of an object does not imply 

that the object is perceived, since the visual information from the eyes might not be properly 

processed in the human brain (“driver looked but did not see”). 

Therefore, detection of a narrow field of view can indicate distraction, but a normal 

visual scanning profile of the surrounding area does not mean that the driver is not distracted. 

Thus, other indicators of distraction should be used, for example physiological parameters. A 

popular example is heart rate, usually derived from ECG data [3], since distraction will 

usually also lead to a certain degree of increased workload and stress, which has an effect on 

heart rate. But also more exotic features such as the temperature of the noise tip, recorded 

using IR imaging, have been reported. [4] However, these finding have been produced under 

laboratory conditions and are possibly not comparable to real world conditions. Also, while 
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stream. Thus, tracking of the nose is required. 

In this work, we present a tracking algorithm for the nose position and an exemplary 

temperature recording of 10 min under real world driving conditions. 

Materials and Methods 

As a first step, IR image data was recorded from the vehicle driver. For that, an Optris 

PI 230 IR camera (Fig. 3, manufacturer: Optris GmbH, Berlin, Germany) was placed on the 

dashboard of a test vehicle, directly in front of the driver. Since the body temperature is 

approx. 37°C, the dynamic range of the camera was set to a range from 20 to 40°C. An 

example of the raw data acquired by the camera is presented in Fig. 4. 

In the next step, the nose was located. In image processing, the Viola-Jones-Algorithm 

is a popular algorithm used for face detection. However, the algorithm is intended for image 

data from the visual spectrum. Performance for IR image data was found to be poor, most 

likely due to different and less prominent image features. Using detectors available in Matlab 

based on this algorithm was found to be unreliable for nose detection. 

However, the face contour could be detected with high reliability using the pre-trained 

detector FrontalFaceLBP in Matlab, given the restriction that the driver was looking ahead. 

An example for the detected outer boundary box is given in Fig. 5. The red crosses indicate 

detected facial features which are tracked over time so a consistent head box is maintained. 

The nose is located centrally in the face, so a smaller box containing the nose can be 

constructed around the center of the outer box. Using this smaller box, the subsequent search 

for the nose can be facilitated. 

Isothermal areas inside the smaller box are identified using a contour plot. The contour 

polygons are assessed by their size, weighted by the Euclidean distance to the box center. The 

best match is taken as the nose contour. Fig. 6 shows the contour as a bold line. From the 

contour plot, a bit mask is created which only selects the image pixels which are located 

inside the contour. The nose temperature can then be calculated as given in Equation 1. ni, nj

denote the image dimensions, IIR the pixel intensity and MNose the bit mask for the nose. The 

calculated nose temperature was recorded over time while driving the test vehicle. 

Results 

Fig. 7 presents the detected nose temperature during a 10 min long recording. The 

majority of measurement values lies around 33°C, which is a reasonable value for the skin 

temperature, but there are several deviations to both lower and higher temperatures. During 

the experiment, it was noticed that the tracking of the nose is lost in case the driver turns his 

head too much to the side. Then, another region of the face is taken for the temperature 

calculation which gives different temperature values. 

Since the nose temperature changes only slowly over time, this error can be easily 

compensated by rejecting the outliers using an appropriate filter. In Fig. 7, the compensated 

nose temperature is presented as a dotted line. 

Discussion and Conclusion 

In this work, a method to detect the nose tip temperature of a vehicle driver under real 

world driving conditions has been presented. Preliminary results indicate that the nose tip 

temperature can be measured in case the driver has turned his head towards the camera. 

Rotations of the head will disrupt the nose tracking and results in erroneous temperature 

readings. However, the error can be compensated using filter algorithms. 

In the preliminary setup, no reference sensor for the nose tip temperature is present so 

the correctness can only be verified as being physiologically sound or unsound. In future 

work, the accuracy and reliability of the measurement system should be assessed by 

comparing the reference temperature sensor data with the temperature derived from the IR 

images. 
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Fig. 3 Optis PI 230 IR camera Fig. 4  Raw IR image, recorded by the 

Optris PI 230 IR camera

ÈÉÊË Ì IR image with boxes denoting 

the detected boundaries of the driver’s face 
ÈÉÊË Í Detected nose contour 

ÎÏÐÑÒÓÔÕ Ö × ÎÏÐÑÒÓÔÕ ØÔÙ ÒÚÛ ÜÑÝÜÐÝÑÒÓÔÕ ÔØ ÒÚÛ ÕÔse temperatur from the IR image data 

ÞÓßà á âÜÑÒÒÛÙ ãÝÔÒ ÔØ ÒÚÛ ÛäÒÙÑÜÒÛå ÙÑæ ÕÔçÛ ÒÛèãÛrature and interpolated curve
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New results for the PVC / SPB detection  

using based on the MCA heart rhythm estimation method

V.E. Antsiperov, I.V. Zabrosaev

 Kotel’nikov Institute of Radio Engineering and Electronics of Russian Academy of Sciences,  

Mokhovaya 11-7, Moscow, Russia  

At the last RGC conference, we proposed a new method and first results for the PVC 

(premature ventricular contraction) and SPB (supraventricular premature beats)  − shortly −
extrasystoles detection [1].   Proposed algorithm is based on heart rhythm multiscale 

correlative analysis (MCA) for the purpose of searching for signal fragments containing 

sequences of sharp decrease followed by sharp increase of the interval between cardiac 

contractions corresponding to extrasystoles and compensatory pauses that follow after them 

accordingly. 

The conventional methods for evaluation of the cardiac contraction period are usually 

based on detection of R-peaks [2]. However, since these methods need to look for signal 

peaks (or zeros of signal derivative), they appear to be unstable while processing signals with 

large number of interferences and distortions.   

The proposed cardiac rhythm (CR) detection method is based on the correlation approach, 

which uses inherent to the signal periodicity. Numerical implementation of the method admits 

a fast algorithms due to the two special features of the method. First, a fragment of the signal 

which is selected to evaluate the autocorrelation function (ACF) covers only a small interval 

of analyzing time moment. Second, using the analytical spectra technique [3] allows boiling 

evaluation of ACF down to several Fourier transformations and one multiplication of arrays 

with a size that is a half of that used for calculation of the basic section. If fast Fourier 

transformation procedures are used for implementation of Fourier transformations, then the 

ACF calculation algorithm becomes fast.  

Detection of heart disorder by our method is based on selecting the cardiac rhythm and 

finding its abrupt changes. The analytical spectra technique based on multi-scale correlation 

analysis (MCA) [3] is used for rhythm estimation. Its application is supported by the property 

of ECG-signal repetition. Because QRS complex of cardiac contractions has quite complex 

but repeating shape, the ACF evaluation takes on maximal values when the signal shifts right 

to the distance between neighboring QRS-complexes, i.e. the period of cardiac contractions. 

This period changes from beat to beat and can considerably vary at moments divided by long 

periods of time. In order to determine the variable repetition period of such signals we earlier 

proposed [3] to use ACF estimation of the following type: 
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where t – moment of time for which ACF is calculated, � – variable scale of ACF. For 

adequate evaluation of varying period of ECG signal, kernel ϕ is selected in such a way that it 

allocates integration interval so that several cardiac contractions are placed on it, but the value 

of period does not change noticeably. Otherwise, ACF peaks will be smeared, which results in 

reduction of the method’s precision. In order to increase precision of the method when 

processing noisy ECG, it is suggested that a locally averaged version of ACF estimate be used 

[3]: 

�
+∞

∞−

= '),'()',(),( τττττ σ dwtrtR xx      (2) 

where w%(�’,�)  is a narrow window function, its width is %. The averaged window function can 

ensure precision increase during analysis of a noisy signal if width of the window is more than 

the time of noise correlation [3]. In this case, the use of a too wide window, as was noted 

above, decreases precision of the method. Therefore, % is an adjustable parameter and should 

be chosen according to the analyzed signal features. 

Note that (2) can be interpreted as some generalized spectral presentation of the function  

rx(t, �’), the basis of which is a set of window functions w%(�’,�) corresponding to various 

values of �. 

The final structure of the quadratic form proposed in [3] as local estimate of ACF is the 

following: 
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where  SFt( f )  and  SPt( f )   – analytical spectra of local future and local past of signal 

(relative to the current time moment t ) accordingly: 
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The use of the analytical spectra technique makes it easy to find the dynamics of the heart 

rhythm period. Namely, we will find estimate of the current local period by forming, for 

example, with a certain step by t analytical spectra (4), then evaluating ACF (3) and 

determining the position of its highest side (not central) peak. 

Program implementation of the spectrum calculation algorithm (3) boils down to 

calculation of the product of analytical spectra (4) weighted with Gaussian window and 

subsequent (inverse) Fourier transformation. Analytical spectra (4), in turn, are in the result of 

the Fourier transformation of local future  x(t + t’)  and  past  x(t – t’)  signals. It is worth 

noting that relatively small time interval – a couple of periods duration interval that is 

symmetrical in relation to the current moment of time – can be used for calculation of 

analytical spectra (4) and generalized spectrum (3). If fast algorithms of Fourier 

transformation are used in the calculations (3) and (4), then the whole spectrum calculation 

algorithm will appear to be fast.  
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extrasystoles is based on the following known factors. Most of extrasystoles resemble QRS 

complexes in the shape. Therefore, on the generalized spectrum (3), they are also displayed as 

side maxima, but ones that have somewhat smaller displacements compared to the 

maximums, which correspond to the preceding QRS complexes of normal contractions. As a 

result, characteristic structures consisting of abrupt decrease of the local period, which are 

followed by its abrupt increase corresponding to the compensatory pause, normally 

correspond to the extrasystoles. 

In order to select the episodes of abrupt change of the heart rhythm, it is suggested that the 

initial sequence of cardiac contraction values should be processed first with a median filter 

with a band of ~2 sec. This allows smoothing out all abrupt changes of the rhythm, and then, 

from the sequence smoothed in this way, subtracting the initial one, which will allow 

selecting all abrupt changes. Then to emphasize just extrasystoles, maximum and minimum of 

the period in a small interval of ~2 sec. that encircles each point of the resulting sequence are 

calculated and the value of their difference is attributed to the points. Thus, reduction of the 

period before an extrasystole and its increase after it are summed, and the probability of 

detecting exactly the episodes that are characteristic for extrasystoles and eliminate episodes 

with abrupt change of rhythm but only in the higher or lower side, which do not correspond to 

them, increases. 

It should be noted that this approach appears to be more effective than the one which was 

developed by the authors earlier [1]. 

In our work, records from NSRDB and SADB MIT-BIH databases [4] were used for 

experimental testing of the algorithm proposed. Extrasystoles detected using our method were 

compared to the annotations, which accompanied all records of these databases. This permitted 

to evaluate efficiency of the algorithm having compared the results with a well-checked data. 

The total of 20.5 hours of ECG-records were processed in the course of the experimental 

inspection. 

Based on the consideration of convenience, the algorithm was tested in Matlab software 

system. Such implementation of the method allows assessing its characteristics like efficiency 

and noise immunity. However, operation speed performance demonstrated by such 

implementation is obviously far from the limit.  

The first part of the algorithm responsible for selecting the heart rhythm was tested 

separately. Testing was carried out using records from the database of normal sine rhythms 

NSRDB. It consisted in comparison of values of cardiac contraction periods determined by the 

program with RR-interval values taken from the annotations where moments of all cardiac 

contractions are specified. Standard script coming with the database attributes each ECG-

record data count a value of the RR-interval equal to the distance between the heart 

contractions, between which this count is located. Thus, in each point, where our program 

calculates the value of the period, it can easily be compared with the control value.  

It proved that our algorithm has quite high precision in determining the values of the 

periods in the normal rhythm. Considering that the sample rate of the record is 128Hz, the time 

interval between consecutive data samples will be 8 milliseconds. This value can be considered 

as time precision of initial data.  Moreover,  deviation of the calculated periods from the RR-

intervals from annotation does not exceed 16 milliseconds, i.e. it is not more than two minimal 

samples in terms of the time. This, apparently, is connected with the periods computed by the 

program and periods calculated based on the abstract set with the sample rate of 8 

milliseconds. This means that errors of the period estimations are connected, evidently, for the 

most part with signal discretization, but not errors of the method.  

This assumption is also confirmed by a bigger amount of data. Such comparison of the 

calculated periods with RR-intervals was made for all ten records used for the testing. 
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D@ABC@EFB@GH GI BJK ICKLFKHMN GI OKP@QB@GHA GI BJK calculated period from RR-interval by their 

value was used as a quantitative indicator of period determination precision. Relative 

deviation was also calculated on each step where the period was calculated: 

 
RR

RRt || −′
=λ     (5) 

where t' – estimate of the current period, and RR – duration of RR-interval in the annotations. 

Comparison results of periods obtained by the algorithm with ones from the annotations are 

summarized in Table 1 where parameters of sampling distribution of relative deviations & (5) 

are shown. As seen from the table, the average relative precision of cardiac contraction period 

determination is 1-2%. This at the value of the period being about 1 sec. means, that the error 

is about 0.01 sec. This means that, during the period of all records, the error of the period 

estimation is approximately equal to the precision limit, which only initial data allow.  

Table 1. The diviations of the periods estimation from RR-interval values 

Record 

number 

Center of a 

distribution 

Sampling 

distribution 

width 

16265 1% 2% 

16273 0% 2% 

16240 0% 2% 

16483 1% 2% 

16539 1% 2% 

16773 0% 1% 

16786 0% 1% 

16795 0% 1% 

17052 0% 2% 

When testing the second part of the algorithm responsible immediately for detection of 

extrasystoles, we focused first of all on its most common types – ventricular and 

supraventricular. The testing was carried out both on the records of NSRDB database, and the 

records from SADB. The testing showed that the algorithm quite reliably detects 

extrasystoles. From the processed 40 ventricular and 39 supraventricular, 36 and 37 were 

detected accordingly. Note that episodes where extrasystoles are arranged one after another 

with an interval of 1-2 sec. occur quite often in the records of SADB database. Our algorithm, 

because it is based on the analysis of a single section of ~4 sec., cannot obviously select them, 

so we reckoned the extrasystole to be detected always when the program gave a 

corresponding signal in a section of 4 sec. around it. If there were several extrasystoles in the 

section, all of them were considered as detected. Unfortunately, such approach does not allow 

counting their number in the record.   

Testing of actual ECG by proposed in the report algorithm showed that it is good at 

determining ventricular and supraventricular extrasystoles (36 of 40 of the former and  37 of 

39 of the latter were found) and demonstrates high precision of cardiac contraction period 

estimation. Regarding precision, our algorithm does not lose to the precision of the classic 

threshold methods based on R-peak selection. Moreover, the most important quality of the 

proposed algorithm is its reasonable demand for computing resources: the heart rhythm 

calculation program implemented in the Matlab environment on PC with a 3 GHz CPU 

processes an hour ECG record only in three minutes. This opens possibilities for using the 

developed algorithm not only in stationary conditions but also on mobile and personal 

medical devices intended for automatic monitoring of heart rate or for control of common 

types of extrasystoles. Such devices could considerably simplify and make more common, for 

example, the holter monitoring of patients. 
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Introduction 

Recently, in clinical practice we can see the use of radiology with microfocus X-ray 

sources and direct manifold magnification [1, 2]. Practice has demonstrated, that with 

magnification with focal spot sizes of 0.1 mm and less, it is possible to see the detail of the 

object of interest which is more fine than detector blur. This fact disagrees with commonly 

accepted methodology of imaging, which states that to obtain a sharp image the detecor has to 

be positioned as close to the object as possible.  

The technique of contact imaging is based on the equation for the total blur HΣ : 
y y y
z {H H H HΣ ν= + + � (1) 

where Hd, Hg, Hv – blur of a detector, blur of imaging geometry and dynamic blur 

respectively. Equation (1) can be found in many textbooks, including [3, 4], and it implies 

that total blur is always greater than any of  its individual components. This conclusion, which 

contradicts the practice of microfocal imaging, can be desregarded, if in the equation (1) the 

magnification of the object of interest is taken into account. 

The aim of the present work is to determine Hd, Hg and Hv in explicit form taking into 

account the magnification of the object of interest and also to determine the total unsharpness 

as a function of magnification. 

Materials and Methods 

Let's determine the blur Hd, Hg, Hv  in the detector's plane. 

Detector blur. 

Because the technical specifications of a detector usually specifies the resolution Rd, when 

calculating Hd  we would consider Rd, which is determined by contrast-frequency 

characterisctics (MTF) of a detector. We would consider MTF of a detector as being normally 

distributed.  
2 2 2( ) exp( 2 )dA ν = − π σ ν � (2) 

where ν - spatial frequency (mm
-1

), σd – standard deviation of detector's spread function. 

Assumption of normality of detecotor's MTF follows from its multi-stage nature. Digital X-
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��� ������� ��������� ���� ��� ���������� �� ��  ��st four components, hence the line spread 

fucntion for a detector as a whole can by rather precisely approximated by the gaussoid [5]. 

Resolution of a detector can be directly estimated from (2), assuming A(ν = Rd) = �, 

where � - base level of the detector's MTF. In this case resolution of a  

¡¢

1.41
d

d

R
∆

=
πσ

�� (3) 

In TV systems the base level is taken as � = 0.12 [6]. In this case resolution of a detector 

would be Rd = 0.33 / σd . For a system with normally-distributed MTF the blur H = 3σ ; hence 

detector's blur would be Hd = 1/Rd. 

Geometrical blur 

Geometrical blur is the blur caused by the point details of the object being imaged creating 

in the detector plane images of the X-ray tube's focal spot rather than points (fig. 1). 

According to fig. 1, geometrical blur equals: 

�
( )1g f

a
H f fm f m

F a
= = = −

− �� (4)�
where mf  - magnification of the X-ray tube's focal spot, m – magnification of the object. 

���£ ¤£ ¥����� �� ��� ����������  ¦ §� �� ��� �����tor plane. f – size of the focal 

spot of the X-ray tube, Hg – geometrical blur in the detector plane, F – focal 

distance, a –object-to-detector distance. 

Dynamic blur 

Dynamic blur takes place during imaging of the moving objects, e.g. heart, lungs or gastro-

intestinal tract. Dynamic blur also depends on the movement of the emitter relative to the 

detector during an exposure. This component of the dynamic blur depends on the rigidity of 

the linkage between the X-ray emitter and  the detector, or on the absence of such linkage. 

Evaluating the dynamic blur, it is necessary to account for only the projection of the velocity 

which is parallel to the detector plane. For example, if the object moves along the line 

perpendicular to the detector plane, then the dynamic blur would be absent. Dynamic blur in 

the detector plane is determined by the following relationship: 

mVtH v =
 (5) 

where m – magnification of the object, V – projection of the velocity vector on the detector 

plane, t – exposure time. 

Substituting equations (3), (4) and (5) into equation (1), we get 

( ) ( )
2

2 221
1

d

H m f mVt
R

Σ

� �
= + − +� �

� � . (6) 

Relationship (6), which discloses eq. (1) is confirmed by the experimental evidence quite 

acceptably when m is close to unity, i.e. when the object is placed as close as possible to the 

detector (contact imaging). During imaging with high magnification, calculations with eq. (6) 

give considerable errors. This is due to the fact that with increasing distance the object and the 
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¹º»º¼»½¾¿ »Àº ÁÂº¼»¾ÃÄ ½Å Å¾ºÆÃºÇ¼ÈºÁ Å½¾ÄÈÇÉ »Àº Èmage is decreased by the factor of m, and 

therefore it simplifies its representation. Simultaneously the resolution is increased by the 

factor of m, and the blur is decreased by the same factor: 

( ) ( )
( )

( )
2 22

2 2 22 2

2

11 1
( ) 1 d

d

mH
H m m f mVt f Vt

m R m m
Σ

−� � � �
= + − + = + +� � � �

� �� � .  (7) 

Equation (8) coincides with (1) if  detector , geometrical and dynamic components of the 

blur are calculated accordingly to the following equations: 

VtmHf
m

m
mH

mR
mH Vg

d

d =
−

== )(     ,
1

)(       ,
1

)( . 

Fig. 2 shows the results of calculation of the total blur HΣ (m) and its components as 

functions of magnification for a microfocus system and for a system for contact imaging. 

ÊËÌÍ ÎÍ ÏÐÑÐÒÓÐÒÔÐ ÕÖ ×ØÙÚ ÕÒ ÛÜÌÒËÖËÔÜÝËÕÒ ÓÙÚËÒÌ contact imaging and imaging 

with magnification. (a) Rd  = 3.5 mm, f = 1.2 mm, t = 0.01 s, V = 1 mm/s; (b) Rd  = 

3.5 mm, f = 0.1 mm, t = 1 s, V = 1 mm/s. 

Þßàáâààßãä

The Equation (1), which was derived already in 1946 by the number of authors (A. Nemet, 

W. F. Cox, G. B. Walker; Blurring in Radiography, The British Journal of Radiology, 

19(223), 257-271, 1946) describes accurately enough only the blur in systems for contact 

imaging, and therefore currently can be used for evaluation of this class of systems without 

large error at m ≤ 1.05.  

The blur in systems working with the image magnification has to be calculated accordingly 

to the equation (7). It follows from eq. (7) and fig. 2 that with the increase of m  the detector 

blur approaches zero, the geometrical magnification approaches the size of focus f and the 

dynamic blur is independent of magnification.  

When imaging stationary organs with systems with rigid emitter-detector unit, the 

relationship for the blur becomes: 

( )
2

2
1 1 .d

d

H f
H m

m H
Σ

� �
= + − � �

� �  (8) 

For each ratio f / Hd  there is the optimal magnification: 
2

1 ,d

opt

H
m

f

� �
= + � �

� �

at which the following minimal blur is obtained: 

d

opt

H
H

m
Σ =

. 

From fig. 2b follows that at magnifications m < 3 and focal spot sizes f < 0.1 mm dynamic 

blur, when Vt ≥ 0.1, becomes dominant, hence the reduction of exposure time becomes 
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ö÷ø÷ùùúûüý þÿn÷ �� ÷���ù�û÷ ÿù �÷�÷ûnÿö÷� ö�� �ö�ü by the mobility of the organ being 

imaged, but also by the spatial frequency spectrum, contained in that organ. For example, it is 

possible to immobilize extremities, guaranteeing that V < 1 mm/s, but to preserve the fine 

structure of bone tissue exposure time should not exceed 50 ms [7]. There are two radical 

methods of dynamic blur reduction: increase of the power of X-ray source (and  

corresponding reduction of the exposure time) and automatic compensation for the dynamic 

blur by means of digital image processing. Both methods are used in the interventional 

radiology in angiographic systems. 

From eq. (7), taking HΣ RΣ = 1 and Hd Rd  = 1, it is possible to get the formula for 

evaluation the imaging system's resolution: 

( ) ( ) ( )

1
.

2 22
1 1

m
R R

dH
m fR mR Vt

d d

= =Σ
Σ + − +

Conclusion 

Total blur of X-ray images can be either larger or smaller than its components. It depends 

on imaging geometry, relationship between the focal spot of the X-ray tube and the detector  

blur and also on the mobility of organs being imaged. 

References 
[1] A. Yu. Vasiliev, Radiography with direct multiple magnification in clinical practice, NTPK Logos; 

Moscow, 1998. 

[2] N. N. Potrakhov, editor, Microfocus radiography in medicine. SpBGETU LETI; St. Petersburg, 2015. 

[3] V. V. Dmokhovsky, Fundamentals of radiotechnics. Medgiz; Moscow, 1960. 

[4] N. N. Blinov, editor, Fundamentals of radiodiagnostic techniques. Meditsina; Moscow, 2002. 

[5] J. LLoyd, Thermal imaging systems. Mir; Moscow, 1978. 

[6] Ya. A. Ryftin, Television system. Sovetskoye Radio; Moscow, 1967. 

[7] S. Nudelman, Kh. Rerikh, M. P. Kepp, Electro-optical digital radiography, TIIER, 70(7), 33-48, 1982. 

Development of a universal software for visualizing data of 

medical devices 

I. N. Rodionov
1
, K. V. Pozhar

2

1. National Research University of Electronic Technology, Bld. 1, Shokin Square, Zelenograd, Moscow, Russia, 

124498 

2.  OJSC "ESDIAR", D. 8, Solnechnaya alleya, Zelenograd, Moscow, Russia, 124527

Rapid development of the modern technique allowed to expand considerably a line of the 

medical equipment applied in medical institutions. However, such a variety of devices has led 

to the emergence of a large number of complex software systems, which need to work doctor. 

An example may be a program for analyzing ECG and EEG data, the program of information 

processing about operation of artificial heart. They all have similar functionality, but they can 

only work with one specific device. For lowering of time necessary for training on the 

medical equipment is offered the universal software allowing not only to reduce time for 

training of medical staff, but also to reduce costs of software development for the specific 

equipment. 

The basis of the program architecture is a pattern Model-View-Controller (MVC) [1]. Its 

main feature is that the model of application and the user interface are partitioned into 

separate components so that a change in one of them has a minimal impact on the other. There 

are several varieties of MVC. Among them the scheme with passive model was selected, i.e. 

the model has no opportunity to influence representation (figure 1). 
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F��� � The general scheme of interaction of the basic template modules Model-View-

Controller, with a passive model 

In order to ensure greater flexibility of  architecture it is decided that each of MVC 

modules realizes a pattern "Bridge" (figure 2.a) [2]. Its essence lies in the fact that the basic 

module is an abstraction, whose main task is  redirection of all the received requests to other 

elements, in this case to dynamically connected elements – plug-ins. In turn in plug-ins are 

implemented special cases for each of the possible queries.  

����   (a) Scheme of the structural template "Bridge". (b) Implementation of the "Bridge" 

pattern on the example of "model" module 

We will consider it on the example of the Model module. (figure 2.b). In it there is a 

method "fillControllerDate()" – responsible for filling of data for the controller, in which is 

called the appropriate method of the internal pointer and the returns result of its operation. 

This internal pointer is a virtual function table [3], which is the interface, with which operates 

the Model, and an interface that should override all plug-ins for the model.  

Currently developed a plugin for "Model_Heart" model, which is responsible for access to 

the data generated during the operation of the device of the long mechanical substitution of 

function of heart. It defines the necessary interface for the model, including method 

"fillControllerDate()" in which data for the controller are formed from the data read from the 

file. 

In summary, using different plug-ins, depending on model parameters, the user obtains 

data from different devices. Moreover, data can be taken both from the file, and from a remote 

server, or to be read out directly from the device. As a result to add support of the new device 

it is necessary to write the appropriate plug-in for model. At the same time it isn't necessary to 

recompile all system since plug-ins are connected dynamically – i.e. in the course of operation 

of application. 

Each of modules realizes the "Bridge" template, i.e. they supports system of plug-ins. 

Including the module "View" for which plug-ins are responsible for the user interface. One of 
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t234 56 78539:;<7 = t23 >?@AB5C DE63G HC E IJE439HJk of Qt [4]. The area of data mapping 

which is available in it is based on the "QtCharts" library, designed to draw graphs. The 

majority of similar libraries work by the following principle: in the beginning to them all 

available data array is provided, further there is their processing and display, and only then 

the user can interact with available information [5]. The problem of this scheme is that there 

is a duplication of information. These models may have changed over time, but because 

stored in the interface of the old data copy, then it does not reflect the changes occurred with 

the data. It was therefore decided to use other algorithm of operation. Every time there is a 

change in the data display area: the application window size is changed, changed the scale, 

triggered a timer update - this field is redraw. But before this new data is requested from the 

model for the new desired area. Only on the basis of the newly received data is repainted. 

Model offers not all data, but only a part. Selects the available information, based on the 

parameters of the request. It provides data only from the required area - ie what a user wants 

to see at particular time. 

But happens that there is too much data for necessary area in model. For example if 

conditionally to take area of 100x100 pixels on a display element of diagrams, then for this 

period the model can have 10 000 samples (figure 3). But for obvious reasons we could 

display only 100 points. Therefore in model there is data filtering. on the basis of different 

methods – decimations or approximations. Data is actually formed for the specific screen 

resolutions. For this example on an output receive 100 points which need to be displayed on a 

graphics. Besides, always realized is one case - the complete data update. 

KLMN O Illustration of data samples for 100x100-pixel area, on the display field 

In the provided scheme, the model completely is responsible for information obtained by 

the user. Therefore at the different scale it is possible to show the different or changed data. 

For example, "events" - their icons are displayed in the upper part of the area of visualization 

of data. At the certain scale of an icon will strongly superimpose each other (figure 4.a), 

worsening their perception. Therefore the model assembles events into groups and presents 

them in the form of one event, when you click on that you can is possible to receive the 

complete list of the hidden data (figure 4.b). Uploading of contents of group occurs only 

while the user demands this information.  
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bcde f (a) Superimposing event icons on each other. (b) Packing events close group and 

access group data 

As a result, this system makes it easy to work with large amounts of data, which is 

essential, as the target medical equipment, for which developed the software package: sensors 

ECG and EEG, the device long mechanical replacement heart function - are high-frequency 

devices that generate data with a large frequency and, consequently, in large volumes. 

In the controller, and specifically in its plug-in of "Controller_Standard" there is a data 

conversion created by "Model" into a form perceivable by "View" and also transmission of 

requests from "View" in "Model" (figure 5). In addition in this module there is additional data 

filtering as well as correction parameters incoming requests [6]. 

Fig. 5 Scheme of destination of the Controller module 

bcde g The final scheme of architecture of the developed program complex 

As a result, we get quite a flexible architecture in which each element of the MVC is 

implemented through a plugin system (figure 6). This makes it easy to add support for new 

devices, and secondly allows multiple user interfaces. For example, in addition to "View_Qt" 

is created the plug-in for the console interface – "View_Console". So far it is used for testing 
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{| }~� �����{��� ���}��� ��} �� }~� |�}��� �} ��� �ork with third-party software, which only 

the data from the instruments will be required, without the graphical user interface.  

The present software allows you to view data received from various devices. This will 

significantly reduce the time of training of medical personnel, as will no longer need to work 

with a number of programs designed for specific devices. Markedly reduced the time to create 

software for the new hardware. Developers will need to write only a part of the system - a 

module that provides access to specific data, and then connect it to the submitted software. 

The work was supported by the Ministry of Educational and Science (project ID 

RFMEFI57915X0102). 
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Introduction. Laser Doppler Flowmetry (LDF) is widespread technology in modern 

medicine for today. It allows to noninvasive research the blood microcirculation system [1]. 

In LDF the total signal backscattered both from moving red blood cells (RBCs) with doppler 

frequency shift and from motionless scatterrers inside the biological tissue on the initial 

radiation frequency is registered [2]. As shown Bonner et al. [2], these two signals summed 

on a photodetector are generated low-frequency beatings. The registration and processing 

these beatings allows to obtain the important medical information about the blood flow in 

vessels of microcirculatory bed of the skin and mucous membranes of organs. In basic model 

of LDF the zeroth- and first-order moments of the power spectral density of beatings of the 

Doppler-shifted and non-shifted optical signals are utilized for calculation of several 

quantities corresponding to the flow and concentration of RBCs [2]. 

Nevertheless, despite of 30-year history, many aspects of formation of the input signal in 

LDF remain studied poorly. The basic theory of LDF [2] was constructed with a large number 

of assumptions, e.g. a small concentration of RBCs, isotropic illumination, etc. One of them is 

stationary amplitude of the reference beam scattered on motionless elements in tissues. But in 

practice, the fluctuations of this beam are observed since the biological object, which is 

investigated, is a living changing system. The smallest changes of its optical properties, for 

example, by the action of various rhythmic processes involved in the mechanisms of 

regulation of microcirculation system are reflected on the level of registered signal. The proof 

of this is the experimentally obtained in [3,4] and the theoretically confirmed spectra of 

backscattered from human skin flux in the wavelength range of 400÷900 nm during the 

occlusion test. 

So the total amplitude of the backscattered flux strongly and nonlinear depends on the 

blood volume in the tested tissue that has been shown in [5,6]. In [6,7] it was shown that the 

intensity of amplitude modulated component may be of the same order, and in some cases 
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¡¢¡£ ¤¥¦¡ §£¨¡£©§¨ª ¥« ¬©¡«¬­ ®¥¯¯­¡¦ ©§°£±­ ¨²¡¦¡³y creating noise in the input signal of 

device. For today this effect of amplitude modulation is not considered in existing methods 

and models of signal processing in the LDF. Its description does not exist in the literature so 

this fundamental aspect of formation of the LDF output signal studied today is very poorly. 

The aim of our study is to study theoretically the effect of amplitude modulation of light flux 

incident on a photodetector applied to LDF. 

Model. The studied biological tissue is represented in the form of a semi-infinite layer of 

turbid medium filled with blood. The absorption coefficient $a and the scattering coefficient 

$� (the average density of scattering inhomogeneities) of such layer are written as sums [9]: 

babata Cµµµ +=

bbt Cρρρ µµµ += ,                                                                 (1) 

where $at and $ab are absorption coefficients of bloodless tissue and blood, $�t and $�b are 

the average density of scattering inhomogeneities of bloodless tissue and blood respectively, 

Cb is relative level of tissue blood volume (Cb = 0…1). 

The intensity of backscattered flux for a single layer of semi-infinite turbid medium in the 

approximation of single scattering is written as [10]: 
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where R is reflection coefficient of Fresnel on the border of inhomogeneities inside the 

medium. Since Cb <1 and |$a/$�| PP 1 by using (1) the expression (2) is decomposed in a 

Taylor series by Cb limited of the two terms.  After all transformations we have: 
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The total intensity of light flux incident on a photodetector is presented as: 

dSBS III += ,     (5) 

where IS is intensity of reference flux without Doppler shift and Id is intensity of Doppler-

shifted flux scattered on moving RBCs. IS is determined as intensity of total flux in the 

absence of light scattering on the RBCs: 
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Id is determined as difference between total and reference flux: 
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Consider the amplitude modulation of Cb caused by fluctuations of blood volume in tissue 

due to various rhythmic processes in the microcirculation system, i.e.: 

)cos1()( 0 tkCtC Cbbb Ω+= ,     (8) 

where Cb0 is average level of Cb, kCb is the modulation depth of Cb, ' is the frequency of 

modulation. Substituting (8) in (6) and (7) gives the time dependencies of IS and Id: 

tkYZCZCYtI
t

ab
cbb

t

ab
bS )cos(1)( 00 π+Ω

µ

µ
+�
�

�

�

�
�

�

�

µ

µ
−=

ρρ

, 

      tkYZCYZCtI
t

bat

cbb

t

bat

bd Ω
µ

µµ
+

µ

µµ
=

ρ

ρ

ρ

ρ
cos)(

2020
.     (9) 



´µ¶·¸¹º » ¼ ½¹¾µ¿¸ºÀ Áº¾ ¶¹½ÂÃ·µÄ Á¸¾µ¾ ½µ¾¸¶¸ºµ

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

195 

ÅÆ ÇÈÉ ÊË ÆËËÉÌ ÍÎÏÐËÆ IS and Id consist of some constant components and components 

fluctuating in accordance with blood volume changes which are in antiphase. So according to 

(9) the modulation amplitude of reference and Doppler fluxes intensity can be presented as:   

Ñ

ab
cbbIs kYZCAM
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µ
= 0
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bat

cbbId kYZCAM
ρ

ρ

µ
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= .   (10) 

The results of theoretical modeling and discussion. The dependencies of the AMId and 

AMIs from the modulation depth kCb are interesting. These dependencies were modeled and 

graphs are presented in figure 1. 

ÒÓÔÕ ÖÕ The dependence of the modulation amplitude of the Doppler flux AMId (1) 

and reference flux AMIs (2) from the modulation depth of blood volume kCb. 

In the calculations it was used that I0 = 1. The absorption coefficient was taken from [11] 

as function of wavelength in the form $at =27exp(–0,006&). All calculations were performed 

for K = 800 nm. The absorption coefficient of blood was determined as $ab = $aHBO2StO2 + 

$aHB(1– StO2), where $aHBO2 is the absorption coefficient of oxyhemoglobin, $aHB is the 

absorption coefficient of deoxyhemoglobin, StO2 (StO2 = 0...1 relative units) is the average 

value of tissue oxyhemoglobin saturation [9] (in calculations typical value for the mixed 

arterio-venous blood StO2 = 0,7 was used). The typical for human skin values of average 

density of scatterers in tissue and blood were taken from [12]: $�t = $�b = 100 cm
–1

. 

The dependency of relation AMId/AMIs from the scattering properties of media is also 

interesting. Graphs of these dependencies for different values of $�t and $�b (100, 500, 1000 

cm
-1

) are presented in figure 2. 

ÒÓÔÕ ×Õ The dependency of relation AMId/AMIs from the density of scatterers in the 

tissue $�t for different values of the density of scatterers in the blood $�b = 100 (1), 

500 (2), 1000 (3) (�). The dependency of relation AMId/AMIs from $�b for different 

$�t = 100 (1), 500 (2), 1000 (3) (b). 
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éê ëìí îïîðñëòóîð íôõöí÷÷òêï÷ öíðîëíø ëìí ùêøúðîëòên depth of tissue blood volume with the 

modulation depth of backscattered fluxes applied to LDF method were obtained. This effect 

of modulation of light flux intensity incident on a photodetector is further transferred along 

path of signal processing in the LDF instrument and eventually is superimposed on the 

measured value of perfusion. 
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An assessment algorithm of neural networks for the more 

effective identification of heart and blood diseases according to 

water chemical indices

O. Konovalova
1
, A.Konovalov

1
, �. Istomina

1

1. 440039 Russia, Penza, pr. Baidukova / ul. Gagarina, 1a / 11 

In the last decade the number of the cardiovascular system and blood diseases among 

the residents of the Penza region has increased dramatically. Since blood circulation diseases 

among adult population are on the first place (20.9%), perhaps, one of the reasons is 

providing the poor-quality drinking water to the population. As an adult should consume 

about 3 liters of water per day its quality should meet the regulations. In the Penza region the 

water intake for the needs of the population is carried out from the open artificially created 

reservoir where consumer wastes, petroleum products, fertilizer remains, phenols, heavy 

metals compounds and other dangerous substances fall with the wastewater from agricultural 

fields and emissions of unscrupulous entrepreneurs. Their concentration increases in the 
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89:;<= ><? 8@BBC: ?@C DE DFC :C8C:GE;: :CH;II JCK>@se of the melt surface water and the water 

temperature increase with current velocity reduction. 

For the study we selected 17 chemical parameters that influence the development of the 

disease (Table 1). Each indicator is characterized by its own maximum permissible 

concentration (MPC). 

According to the sanitary regulations 5 groups of diseases are singled out (Table 2). Diseases 

are determined by the weight coefficient, number of indices causing the development of the 

disease. The given weight coefficient will be necessary for creating a probable procedure of 

the identification systems assessment. Then the given scheme of the influence of water 

chemical indicators on the development of diseases will be used as the basis while forming 

the identification system of diseases. 

Table 1. Chemical data   Table 2. The influence of chemical indicators on 

the disease 
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The task of creating of the identification system of diseases (ISD) according to water 

quality indices is classified as difficult to formalize (difficult for algorithmization) the 
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m_`abm_`cd_e mfgbe fh iacda a_j kldbn`_cl`cbjp qabnefore, for the synthesis of ISD the 

mathematical apparatus based on artificial neural networks (ANN) is selected, it has a number 

of advantages compared with other methods (operation parallelism, automatic adaptation, 

work resistance, etc.).  

Along with the advantage of neural networks methods there are certain difficulties of 

using ANN apparatus because their use does not give the desired accuracy of the procedure of 

the identification of diseases. These difficulties are connected with the wrong choice of ANN 

architecture which is understood as its structural, topological and analytical description. 

Therefore, it is an urgent task to choose the optimal ANN architecture increasing the 

probability of the identification of diseases. To do this it is necessary to consider various 

ANN models based on the same training sample and to compare identification probabilities. 

For the analysis of neural networks techniques we compared probabilities of the 

identification [3,4] to solve the problems of determining diseases according to water chemical 

parameters. The created scheme of water chemical indicators influence on the development of 

diseases was used as a training set for training neural networks. The list of ANN analyzed to 

solve the problem of the identification of diseases according to water chemical indicators is 

shown in Table 3.  

Table 3. List of ANN analyzed 
5��,��� 5�����1�$55� 	%���1���
����

�� 0����%
����)� �"���7��'��� %����%
���� ������ )� �������� ��� 
"��

��
�������
����'���

�� 0����%
������� �"���7��'��� %����%
���� ������ ��� �������� ��� 
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Each neural network consists of 17 inputs corresponding to uniform chemical 

characteristics (Table 1) and 5 outputs. The output of each neuron characterizes the degree of 

belonging to the relevant disease (Table 2). The regression and probabilistic networks 

architecture does not involve the use of several intermediate layers. The learning algorithm 

for these ANN is also simplified because the procedure of learning is based on the 

“memorizing” of the training set, and then evaluating of the degree of similarity between the 

new indicators and “stored” data. 

The analysis of ANN functioning for the generalizing ability was carried out with the 

use of the theory of probability and mathematical statistics. For this we developed an 

assessment algorithm of ANN work. ANN performance test was conducted according to the 

real water chemical indicators in the Penza region in 2012 – 2014. The assessment algorithm 

consists of a sequence of the following actions: 

1. Select the chemical parameters (Hm) for the current month (m); 

2. Perform the unification of rates by the formula 1 and receive the plurality of input 

values H’m, where m is a month; 

, 
(1) 

where  – a unified chemical indicator; 

 – a real chemical indicator; 

r `ab m_tcmkm ubnmcjjcveb dfldbl`n_`cfl fh `ab dabmical indicator; 

3. Mark the indicators approaching to or above 1; 

4. Form, in accordance with the SanPiN [2] (Table 2), a list of the most probable 

diseases Tm ; 
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�� ������� ��� ������ �� ��� ���������� �������� ni for each item (i) of the list of 

probable diseases. This value determines the weight coefficient of the disease; 

6. Choose ANN from the list of ANN analyzed; 

7. Feed the plurality H’m to the input of ANN and get the plurality of diseases as a result 

of ANN work Tm. This plurality is produced by the selection of those diseases in which the 

respective neuron output value is above the predetermined threshold F. In order to solve the 

current problem we should determine this threshold by the formula 2: 

(�
2�4�

where K- – the number of diseases; 

�9 – the number of indicators; 

As K-=17, �9=24, �� FQ0,7; 

8. Calculate the probability of the identification of the disease in ANN Pm by the 

formula 3:

(�
2�4�

where    k – the size of the list of the most probable diseases Tm; 

wi – the weight of the i-th disease; 

si – a sign of the presence of the i-th disease in Tm list; 

9. Perform steps 6-7 for each of ANN analyzed from Table 3; 
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where     – training time of j-th ANN (should strive for a minimum); 
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Having calculated the probability of the identification of the ANN for each month you 

can create a graph of the probability distribution (Figure 1) in which on the vertical axis there 

is the probability of the identification, and on the horizontal one – months of 2012 – 2014. 

Figure 1 shows 4 graphs corresponding to ANN analyzed (Table 3). 
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²³´µ ¶ Graph of the probability distribution of the identification according to months 

According to the schedule of the probability distribution of the identification (Figure 1) 

it can be determined that ANN “Perceptron 10” shows the highest probability. This is 
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ÈÉÊËÌÍÎÏÐ ÑÒ ÓÔÑÕÏ Ö ×ØÌÈØ ÙØÉ×Ù ÚØÏ ÔÛÏÍÔÜÏ ÛÔÕÝÏ of the probability of the identification of 

diseases (P’) calculated by the formula 5. 

(�
2�4�

where P’ – the average value of the probability of the identification of diseases; 

          C – the number of months under study. 

Table 4. Identification Probability 
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In spite of the fact that multilayer nets indicate the higher probability of the 

identification the probabilistic neural network (PNN) should be noted. The graph (Figure 1) 

shows that this ANN has no null values. Additionally, when identifying the given network is 

focused on the issue of one result, and, as a consequence, identifies the most probable disease. 

Along with this, the learning time of the probabilistic neural network is minimal. 

Thus, the proposed approach to building of the system for the identification of diseases 

according to water chemical indicators can increase the probability of the identification. This 

approach is based on the use of multi-layer ANN trained on standardized data. We suggested 

the assessment algorithm of the efficiency of ANN performance which allowed to justify the 

choice of the neural network with the structure in the form of a three-layer perceptron with 10 

neurons in the intermediate layer. 
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Development of a cardiovascular system model for investigation of 

biventricular circulatory support

D. Petukhov

National Research University of Electronic Technology, 1 Shokin square, 124498 Zelenograd, Russia

Currently continuous flow left ventricular assist devices (LVAD) considered as one of 

the efficient ways for chronic heart failure treatment along with the heart transplantation [1–

3]. While many patients can be successfully managed with LVAD only, up to 30% of patients 

developing right ventricular failure [4]. These patients have significantly higher mortality and 
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ïðñòóñð ñôõ öðïòô ÷öøùðöøúûñ ÷öøùòðñõ óö üýþÿ ðñ÷úùients [5, 6] and require biventricular 

circulatory support if medical treatment strategies failed [7, 8]. 

The contemporary way of biventricular circulatory support is to implantation of a 

second LVAD to mechanically support the right ventricle as in [9, 10]. It poses technical 

challenges due to different ventricular geometries, ventricular interaction and different 

systemic and pulmonary vascular resistances. A speed variation of both pumps significantly 

alternates patient hemodynamics and exacerbate the problem of flow balance between 

systemic and pulmonary circulation. 

The aim of this work is to developing of a mathematical model of cardiovascular 

system, which should characterize hemodynamics of biventricular heart failure and describe 

hemodynamic changes during biventricular circulatory support with two VADs.  

Methods

A model of circulatory system is based on previously described lumped patameter 

models of circulation [11, 12]. A heart model is based on elastance heart model [13] and takes 

into account ventricular interaction.  

The fig. 1 demonstrates complete cardiovascular model, represented by an electrical circuit. 

Fig. 1 Cardiovascular system model; P – pressures, R – resistances, L – inertances, C – 

capacitances, Pperi – pericardium pressure, Plv – left ventricular pressure, Prv – right 

ventricular pressure, Vlvf – left ventricular free wall volume, Vrvf – left ventricular free wall 

volume, Vspt – septum free wall volume. 

Systemic and pulmonary segments of circulation are modeled with constant resistances R, 

inertances L, and capacitances C. Systemic and pulmonary artery divided into two segments 

to obtain site for a ventricular assist device connection. The tricuspid, pulmonary, mitral and 

aortic valves are modeled as ideal diodes [12]. 

The cardiac mechanics is modeled by a time varying pressure–volume relationship that 

simulates the contraction and relaxation of the ventricle walls according to [13, 14]. To enable 

simulation of ventricular interaction, the two ventricles are divided into three parts: left 

ventricle wall (lvf), the right ventricle wall (rvf) and the septum wall (spt), as shown at fig. 1. 

The corresponding free wall volumes are not physical volumes, but are defined to capture the 

deflection of the cardiac free walls relative to the ventricular volumes in order to evaluate 

pressure in the ventricles [13].  
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T�� ��������� ���������� �� ����������� �� �� ���  erived from [11, 12] and parameters of 

heart model are based on [14]. The cardiovascular system state with biventricular failure are 

based on [9, 15]. Target hemodynamic indices and corresponding simulated values are listed 

in table 1. In order to obtain accordance between simulated and target hemodynamics all 

model parameters were adjusted by an optimization routine on the basis of Levenberg–

Marquardt method. 

Table 1 List of target and simulated hemodynamic indices

Hemodynamic index Target value Model value

Systolic arterial pressure (SAP, mmHg) 96 88.0 

Diastolic arterial pressure (DAP, mmHg) 52 41.2 

Left Ventricular Stroke volume (LV SV, mL) 45 45.9 

Right Ventricular Ejection Fraction (RV EF, %) 32 56 

Pulmonary systolic arterial pressure (PSAP, mmHg) 48 39.9 

Pulmonary diastolic arterial pressure (PDAP, mmHg) 25 18.4 

Central venous pressure (CVP, mmHg) 11 -0.38 

Pulmonary capillary wedge pressure (PCWP, mmHg) 21 15 

A baroreflex model was implemented according to [16] in order to reflect the influence of 

ventricular assist devices on the heart rate. A regression pump model of HeartMate II LVAD 

(Thoratec, USA) is used as ventricular assist device. It describes as QVAD = a(RP)� + b(RP), 

where the pump flow (QVAD, L/min) depends on the pressure head across the pump (RP, 

mmHg) and the pump speed (�, rpm), and a-b are coefficients [11]. 

Results

Initial hemodynamics in the cardiovascular system with biventricular failure is shown at fig. 

2. One can see that state characterized by elevated inlet pressures for the both ventricles and 

rightward shift in the pressure-volume curves due to the ventricular dilatation. The septum 

volume (Vspt) changes similar to the [14]. 

F!"# $ Initial hemodynamics in the cardiovascular system; Pao – aortic pressure, Ppa – 

pulmonary artery pressure, Pcv – central venous pressure, Ppcw – pulmonary capillary wedge 

pressure, Qav and Qmv – aortic valve and mitral valve flows, Vlv – left ventricular volume, Vrv

– right ventricular volume, Vspt – septum volume. 
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678 98:8;<= 78>?@A:<>BCD B: E78 C<;@B?G<DCH=<; DADEem with two VADs as biventricular 

assist device is shown at fig. 3. The dashed lines represent initial values for the systemic 

circulation without ventricular assist devices. The speed of pumps increased simultaneously 

from 5600 rpm to 8800 rpm. 

IJKL M Hemodynamics in the cardiovascular system with two ventricular assist devices; 

LVAD – left ventricular assist device, RVAD – right ventricular assist device, AV – aortic 

valve, MV – mitral valve, MAP – mean arterial pressure, SV – stroke volume. 

Conclusion

This work proposes the mathematical model of the cardiovascular system with biventricular 

failure state. It based on the lumped-parameters models of circulatory system and heart model 

taking into account ventricular interaction. The proposed cardiovascular system model is 

tested with two VAD models as biventricular assist device and general hemodynamics is 

demonstrated for this case.  

For the future addition of several features, such as atrium models and coronary circulation, is 

expected for more accurate evaluation of biventricular circulatory support. 
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Diagnostics of the organism on biomedical signals based on 

reinforcement learning 

N. Kalugina 
South-West state University, Kursk, Russia 

z{| }|~|����|�� �� ������|� �|�{������ ��} ��������l applications of artificial 

���|����|��| �|�}� �� ���|���~| �����}������ �� ~��ious functional purpose of decision support 

����|�� }��������� ��������� ������ ������� �|����|ndations on the optimization of the 

����|�����|� �� ��|����� }��������� ��} �{|���|���� process [1-5]. 

���� �� ���������������������� ����|� �� }���������s and management state of the body with 

�{|���|���� �||}�����
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­®¯ °±²³´ µ¶ ·²¸¯µ ±°¹·¯²ºº»³¼¯ ½¯¼®³µºµ´¾ »³¸ ½¯º¯registration biomedical 

¼®»¹»¼½¯¹²±½²¼± µ¶ ½®¯ ®°¿»³ ±°ÀÁ¯¼½ Â±²´³»º± ÃÄÅÆ EEG, PPG, digital images, etc.) hardware-

±µ¶½Ç»¹¯ ¿¯»³± µ¶ ½¯º¯¿¯¸²¼²³¯ ÈÉÊ »ººµÇ± ½®¯ °±¯ µf powerful computing resources for 

±µº·²³´ ½®¯ Ë¹µÀº¯¿± µ¶ ¯»¹º¾ ¸²»´³µ±²± Ç²½® ½®¯ ®¯lp of modern means and resources of 

»¹½²¶²¼²»º ²³½¯ºº²´¯³¼¯Ì

­®¯ ±½»½¯ µ¶ Ë®¾±²µºµ´²¼»º »³¸ ¶°³¼½²µ³»º ±¾±½¯¿±Æ reflects the normal and the 

Ë»½®µºµ´²¼»º Â»½ ·»¹²µ°± ±½»´¯±Í µ¶ ½®¯ ¸¾³»¿²¼± µ¶ development of the organism (as a living 

»³¸ µË¯³ ±¾±½¯¿±Í °³¸¯¹ ½®¯ ²³¶º°¯³¼¯ »³¸ ²³½¯¹»¼½²on of internal and external environments, 

»°½µ³µ¿µ°± »³¸ ¯Î½¯¹³»º ¼µ³½¹µº ±¾±½¯¿± ÈÏÊ »¹¯ ¼®»racterized by time-varying biomedical 

±²´³»º± ÈÐÊÌ

Ñ³ ½®¯ À»±²± µ¶ ÒÓÔÕ ¸²»´³µ±½²¼ »³¸ ½¹¯»½¿¯³½ Ë¹µ¼¯ss it is proposed to implement the 

¼µË¾¹²´®½ ±¼®¯¿¯ ²± ²³¶µ¹¿»½²µ³Ö½®¯ »³»º¾½²¼»º ¿µ¸¯l discussed in [9, 10] is shown in Fig. 1

­®¯ Ë¹µ¼¯±±¯± µ¶ ±°Ë¯¹·²±²µ³ »³¸ ¼µ³½¹µº µ·¯¹ ½®¯ condition of the human body 

»¼¼µ¹¸²³´ ½µ ½®¯ Ë¹µËµ±¯¸ ²³¶µ¹¿»½²µ³Ö»³»º¾½²¼»º ¿µdel describes the time-varying set of 

½°Ëº¯±  (where  - state of the analyzed system in the 

½²¿¯ t;  - therapeutic (control) impact, which causes the condition  �in the required 

×Ø ØÙÚÛ Ü , - the risk value of the object to transition from state  in the state 

Ý ÞßàÛá ØâÛ ÙßãäÞÛßåÛ æ çãØÛá , the condition is recognized SPDR is 

ÙàÛßØÙãÙÛà ×è . In the case of identical States   and the impact  is "managing 

éÚÙèèÙéßêë ãéá Øá×åìÙßí ß×ØÞá×ä åâ×ßíÛ éã åéßàÙØÙéßs of the body as a result of Autonomous 

åéßØáéäæ

îâÛ èåâÛÚÛ ÙßïéäïÛè ØâÛ ÙÚðäÛÚÛßØ×ØÙéß éã ØâÛá×ðÛÞØic feedback with the use of SPDR 

ñò ØâÛ ãéääéóÙßí ×äíéáÙØâÚ åéßèÙèØÛßØ ×ððäÙå×ØÙéß éf tuples translation of the initial state 

éã ØâÛ éáí×ßÙèÚ Ùß àÛèÙáÛàô õ ö áÛåéáàÛà ñÙéèÙíß×äë 2 - calculated values of the informative 

ð×á×ÚÛØÛáè éã ØâÛ èÙíß×äë ÷ ö øùúû ÙàÛßØÙãÙÛè ØâÛ àecision rules, which are acceptable to the 

àÙ×íßéèØÙå ðáéåÛèè óÙØâ åéßãÙàÛßåÛë Øé àÛØÛáÚÙßÛ ï×rious States;4 - a tuple is formed and, 

×ãØÛá ØâÛ åéÚð×áÙèéß éååÞááÛà ØâáéÞíâ ØâÛ èØ×ØÛ  and the desired end state, the specialist 

ãéáÚÛà × åÛáØ×Ùß ØâÛá×ðÛÞØÙå ÛããÛåØë ÛããÛåØÙßíë ØâÛreby, a stable approximation to the desired 

ãÙß×ä èØ×ØÛæ

çè åâáéßéÚÛØáÙå ð×á×ÚÛØÛáè åâ×á×åØÛáÙüÙßí ØâÛ èØ×ØÛ of the analyzed system of the body 

å×äåÞä×ØÛà ÙßãéáÚ×ØÙéß åâ×á×åØÛáÙèØÙåè ö ð×á×ÚÛØÛáè of biosignals [7,10,11]: 

ö àÙáÛåØô åâ×á×åØÛáÙèØÙåè éã ãáÛýÞÛßåò èðÛåØá×ë ÞèÙng as a reference the multiples of 

â×áÚéßÙå ãÞßåØÙéßè àÛãÙßÛà ñò þéÞáÙÛá ×ß×äòèÙèë éá simple, certain GMDH algorithms [12]; 

ö ä×ØÛßØô ãÙáèØ ØâÛ äéóè ×ßà âÙíâè ×Ø äéó ãáÛýÞÛßåÙes (primary harmonics), the global 

Ú×ÿÙÚ× éß ØâÛ óâéäÛ èðÛåØáÞÚë åäéèÛ Øé äéå×ä Ú×ÿÙÚÞms minimums (on adjacent 

ãáÛýÞÛßåÙÛèÝë ö ØâÛ ãáÛýÞÛßåò éã ØâÛ ãÙáèØ ÚÙßÙÚÞÚ ×Ø äéó ãáÛýÞÛßcies and high range 

Ùß iÛßÛá×äë ØâÛ á×ØÛ éã èâÙáéìéðéäéèØßéíéë ØâÛ �ÛßØral frequency of the spectral density 

ãÞßåØÙéßë ØâÛ áÛä×ØÙïÛ ðéèÙØÙéß éã ØâÛ Ú×ÿÙÚÞÚ ãáÛýuency, information loss when filtering, the 

ãÞßåØÙéß×ä àÛðÛßàÛßåÛ ñÛØóÛÛß ØâÛ áÛ×ä ×ßà ØâÛ ÙÚ×íinary parts of the spectra in the 

ãáÛýÞÛßåò á×ßíÛè ×ßà ×ßà ÛØåæ eõõ��
ö ãÞßåØÙéß×ä - àÛèåáÙñÙßí ØâÛ èòèØÛÚ ñÛâ×ïÙéáë ×ñäÛ to make a decision (to respond to the 

èØ×ØÛ éã ØâÛ ÙßØÛáß×ä ×ßà ÛÿØÛáß×ä ÛßïÙáéßÚÛßØèÝ Øé the current time in accordance with the 

ñ×èÙè éã ð×èØ ÛÿðÛáÙÛßåÛ ×ßà ðáÛàÙåØ ãÞØÞáÛæ

�éßèÙàÛá éßÛ éã ðéèèÙñäÛ ÚÛØâéàè éã ØâÛ ãéáÚ×ØÙéß éf functional parameters in more 

àÛØ×Ùäæ

ùÞáðéèÙïÛ ñÛâ×ïÙéá ÙßïéäïÛè ØâÛ àÛåÙèÙéß éã × ñÙéèòstem in a given time t, reflected in 

ØâÛ ÙßãéáÚ×ØÙïÛ ï×äÞÛ éã ØâÛ àÛØÛåØÛà èÙíß×ä y(t). As the body systematically takes into account 

ØâÛ ÛÿðÛáÙÛßåÛ éã ÙØè ÛÿÙèØÛßåÛ Ùß ØâÛ ÛßïÙáéßÚÛßØ and autodiagnos the development of the 

èÙØÞ×ØÙéßë Ùß × iÛßÛá×ä èÛßèÛ ØâÛ áÛåéáàÛà èÙíß×ä y(t) is represented as formula (1): 
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,  ��
w����� – private functional describing the state at time ; t�� ��t����� t��t

f��� ��!�"�� �f #��$�t� t��� f%�"t����&� ' � �f t�� integral functional (let us denote it as 

(�)#������t�& #��!�"t�$� f%�"t����&( (f%�"t����& #�st-future" – FPF(t)). 

I� f���t �##��)���t���* �##&��� t�� f���%&��  �)=�(��−�1(�−	�1),��+�2(�+	�2)) , where 

��! � ��)��%� t��� &��!  &��� ��! #��!�"t���  �)t��#�&�tion), respectively; T1 and T2

"�����#��!��� t� t�� ��t����� t��t f��� ��!�"�� �f private time functional F() of the integral 

f%�"t����&  &�t %� !���t� �t �� (�)#������t�& #��!�ctive functional" "functional past-future" – 

'F' t��+
I� f���t �##��)���t���* �##&��� t�� f���%&�� * w����

��! t�� .���t t��� ���ft� (#��t( ��! (f%t%��( �� t�� ��nse of minimizing the error criterion 

$�"t���vt���!� ��!  !�t������!* f�� �)��#&�* �� t�� ���&/��� �f t�� �utocorrelation 

f%�"t����+ I� "��� �f �.���"� �� &�"0 �f ��&��.&� �nformation about the periodicity of the 

"����!���! .�� �����& w�t��%t &��� �f ������&�t/ �f ��������� ��! ./ ���&ogy with Markov 

#��"�����* �t �� #����.&� t� t�0�  d=1 – discretization of t). 

I� t�� f���t �##��)���t��� #��$�t� "�������t��" f%�ctional can be represented as a 

&����� t����f����t��� +
1t�%"t%��&v#�����t��" �!��t�f�"�t��� �f � f%�"t����l FPF(t) allows to build a system for 

!��������� t�� �t�t� �f .��&���"�& �.d�"t �""��!��� to the scheme presented in Fig. 2a [10]. 

M��/ "�������t��" $�&%�� �f t�� #�����t��� 234t, recorded at time t , arrive at the map 

��!�&� t�� "�����t��"/ �f t��� ��t ��! t�� #��!�"t�d {Y}t+1 the predicted state of a biological 

�.d�"t 1t+1 (adaptive self-organizing maps – ASSOM and FASSOM – in the terminology of T. 

K������ 5�67�+

a8        b) 

� ��"���� �f t�� #��!�"t��� !���������* .� f&%"t%�tions of the relative deviation 

�#��)���t�$
'��%�� 9+ F��!�"t���v!�t�"t��� %���� f%�"t����& 'F'(t). 

M��/ ��f����t�$� "�������t��" $�&%�� �f t�� #�����ters at time t+1, a "Module 

(f��t�����((  �t �� � ��t �f �%&��� ./ w��"�  w�t� certain weight coefficients and applying the 

M��t� :��&� ��t��!� �� �!��t�f��! ./ t�� ��t ./ 234t and the mismatch between the 

#��!�"t�! �t�t� 1t+1 and real ++ <�� �t���t�$� t������� #���� ��!� w��� t�� �#�"�fied 

����&������t ���"��� �""�#t�.&� t� t�� f���"��t��� process-recognition value. An example of  

t�� .���$��� �f t�� ��&�t�$� ����� �f �##��)���t� v FPF(t) in the form f�� �
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RTUVWXY Z[ \VZ]W^V_T` bVcgT`b hjjkl mnkl UWbo`Xb of monitoring infectious disease in the 

UWcVZgr Vb bpZqg Vg sVcu x\u
ypW TgT`YbVb Z[ XpW UW`TXVRW WUUZU Z[ XpW RTUVZob Tpproximants of the dependencies has 

bpZqg XpTX XpW \WbX UWbo`X qTb Z\bWURW^ Vg _TbW Z[ application of a formula that takes into 

T__ZogX z{TbX W|{WUVWg_Wz Tg^ zTRXZ^VTcgZbXV}T [oXore." (Note that if the frequency of the 

\VZbVcgT` Tg^ XpW ^Vb_UWXW~XV]W UW_W{XVZgl Vb ]TgY times smaller recurring functional part, 

XpWUW qTb XpW ^WbVUW Z[ W|XUT{Z`TXW XZ Z{XVZg� u
ypobl [UZ] XpW {TUT^Vc] Z[ zUWVg[ZU_W]WgX `WTUgVgcz [14] it is proposed to move to the 

{TUT^Vc] Z[ zUWVg[ZU_W]WgX `WTUgVgc Tg^ TRWUX T {UWdiction." In the terminology of Sutton R. 

�u XpW {UZ{ZbW^ T{{UZT_p _Z]\VgWb z
 – greedy" method of teaching in the direction of the 

_oUUWgX bXTXW qVXp XpW ]WXpZ^ Z[ z{WUbW_oXVZgz XZqTrds predictable "greedy" action. 

ypobl XpW {UZ{ZbW^ [ZU]T` T{{TUTXob \TbW^ Zg XpW obe of intellectual capabilities SPDR 

[ZU XpW _ZgXVgoZob TbbWbb]WgX Z[ XpW _oUUWgX bXTXW of the organism, the principle of therapeutic 

[WW^\T_} Tg^ z{UZT_XVRW {UW^V_XVZgz T``Zq XZ Z\�W_Xify and automate the recommendations 

cWgWUTXW^ �j��l [ZU Z{XV]V�TXVZg Z[ ]W^V_T`~^VTcgZbtic process, coming to a decision on the 

\TbVb Z[ {TbX W|{WUVWg_Wl _oUUWgX bVXoTXVZg Tg^ {Zbsible future situation. 
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the results of the reconstruction of an equivalent electric heart 

generator 
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Electrocardiographic signals of leads (the ECS - electrocardiosignals) are projections of 

electrical processes in the myocardium. We study inverse problem of  electrocardiography – 

the reconstruction of equivalent electrical heart generator (EHG) [1], based on the records of 

the ECS on the surface of the human torso. Parameters of spatio-temporal EHG dynamics 

provide additional information for the diagnosis of ischemia and conductivity disturbances. In 

this study we examined the impact of the electrodes amount and method of placement of the 

electrodes on the results of the reconstruction of EHG. We examined the standard nine 

±²±³´µ¶·±¸¹ º¶µ»¼½¾ ¿ ¸´¿½·¿µ· À¼²¸¶½Á¸ ±²±³´µ¶·±¸ system. These electrodes were expanded 

by 15 electrodes, which are arranged around the perimeter of the torso at 4 different height 

zones. 

As dipole component is making a major contribution to electrocardiosignals, the  dipole 

model of EHG has been used[1]. During the reconstruction of EHG for each time moment ti
we search such coordinates of the EHG center and projections of vector of dipole moment, 

that will minimize discrepancy JUi - the standard deviation of the measured 

electrocardiographic signals and signals, simulated by generator model, accumulated  for all 

used electrodes – [2]. Moreover, for each point in time we control the normalized discrepancy 

,
i i U i

Uδ = ∆ σ where 
U i

σ – mean-square ECS, gained on all the electrodes used for point in 

time ti.  

 To measure the quality of our reconstruction  the following parameters have been 

proposed: �) Jr– mean-square distance between the positions of ECS in the neighboring time 

points accumulated on the cardio-cycle; b) the mean square discrepancy JU which is result of 

JUi accumulation during cardio-cycle; c) the average normalized discrepancy ;, obtained by 

averaging the normalized discrepancy ;i for  important diagnosis moments of time: the time 

of registration of R- and T-wave peaks and middle of ST interval.  

In the study of the influence of the number and arrangement of the electrodes, we 

Âµ¶³±±·±· ºµ¶» ´Ã± Ä¿¸¼³ ¸±´ ¶½ ÅÆÇÅÈ ±²±³´µ¶·±¸ ¶º À¼²¸¶½Á¸ ¸É¸´±» Ê´Ã± µ±º±µ±½³± ±²±³´µ¶·±
on the left leg). At the first step we search for the best one among of 15 remaining electrodes 

and get 7 electrodes system (+ 1 ground electrode). On the following steps the best of the 

remaining electrodes were also added. In total we got 15 selected systems containing from 8 

to 22 electrodes. The choice of electrode for the j-th step was held by the criterion of 

minimum normalized sum: 

.
min( ) min( ) min( )

j j j

j

r U
SUM

r U

∆ ∆
= + +

∆ ∆

δ

δ

As an example, the figure shows the time dependencies of EHG coordinates x (changed 

from the right shoulder to the left) and y (changed from the head to the feet) for a variety of 

selected electrode systems. For a systems containing about 12-16 electrodes we obtained 

acceptable relationship between EHG stability Jr and discrepancy JU and ; of ECS. 
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ÜÝÞß à Time dependencies of EHG coordinates x and y for a variety of selected 

electrode systems 
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áâãäåæçèéäâ èêëìâäíäîï èä ðåäñéòê óïâòåäæéë æäâéèäåing in 

ëåétical care medicine 

ôõö÷øùúûø üý üýþ ÿøöõLúûø �ý �ý
P���� ����� ��	
����
�	�� ����������� P����

F�� �������� ���� �������� ���� �� !� � ������� "#�cialties: anesthesiology, critical 

���� ��������c ����$���% ������� ���� ��� ��"�"��� medicine. All these specialties are united 

b% ��� �&��$ '&�� � ������ � "� #��!��� �&� ���$��"tic and treatment process under tight 

���� ���"������"c �" �&� �������� "�� ����� ��% �&�nge at lightning speed, and the doctor does 

��� &�n� �&� �b����% �� ����% � � �������� ���$��"�ics regarding finding the causes of the 

�������� "����()*+

C������� , -&�" ��������� �! �&� #������c �� '&��& there is extreme violations of vital 

! ������" '&�� �&� b��% �"  ��b�� �� ��#� '��& �&� pathology due to self-regulation. To 

����n� �&� #������ � � �! �&�" "���� ��r ���" #����al or complete replacement of the vital 

! ������" �! �&� ��$���"� , �����"�n� �&���#%+ f� �hese circumstances, as a rule, the pace and 

������� �! �&� ������ �&���#� ��� ���$��"�" ���" ��t always satisfy the lightning-paced 

�������� "�� �����"+ -&���!���c �������� ���� �����ine, doctors use "spontaneously" the current 

������" �! #���������% ���$��"�" !��� ������ �� ���ms of syndromes, the so-called "intensive 

���$��"�"+d -&� ��" �� �! �����"�n� ���$��"�" �" �&e syndromic diagnosis - hierarchical (in the 

��$��� �! ���$�� �� �&� ��!� �! �&� #������. � ��"� of syndromes detected in a patient with a 

�������� ���������+

f� �������� ���� �������� �� �&� "%������ �"  ����"tood consistently observed 

���"��������� �! "%�#���"c  ����� b% � ������ ���&�nism of occurrence (specific 

���b������� �! "%�#���" ���������% ��������������.+ Thus, the subject of critical care 

�������� #&%"����� ��� "%������"+ m�"#��� �&� ���/ of common views on the concept of 

d"%������dc �&�" �����#� �" �&� ���n�������� ��"�� ment by means of which the doctor critical 

���� �������� &�" � ���� �##��� ���% �� b ��� � ��$ical chain of diagnostic report before 
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@ABDEG A HIJDKDME ME NOI DENIEKDQI JARI TEDNU VW XMur doctor is essential to monitor the 

HXEA@DJK MW EMN YTKN NOI DEHDQDHTAZ [ARA@INIRK AEH their specific populations - syndromes[2-

\]^

_`a egh ij ikl opkqs teo pi eppahup pi vlaepa e oijtware tool to visualize the dynamics 

ij waeqgxy osxqliha gx uepgaxpo tgp` vlgpgvew vixqgtions. 

_iyap`al tgp` gxpaxogza vela u`sogvgexo {ax|e}vgps clinical hospital �6 them. GA 

~e�`elsgx qazawiuaq osxqlihgv hixgpilgxy pav`xg�ka in patients with severe peritonitis. To 

p`go axq� ta qazawiuaq ouavgew ykgqao t`i o`elaq ewl monitored in this patient parameters 10 

�exqo tgp` osh�iwo� �xioiwiygvew xilh�� �hgxil qazgations from nosology norm", 

�ogyxgjgvexp qazgepgix�� �ikpleyaiko qazgepgix� eo upwards parameter and in the direction of 

gpo qavlaeoa^ �ajalaxvao jil p`go vepayils ij uepgants are based on expert estimates the most 

a�ualgaxvaq haqgvew gxpaxogza vela kxqal p`a okualzision of Ph.D. professor of anesthesiology 

exq gxpaxogza vela exq ahalyaxvs haqgvew oalzgvao {enza Institute of Postgraduate Medical 

�ejlixiz �^�^^

_i zgokewg|a p`a waeqgxy �hiop qexyaliko jil p`a wgfe of the patient) syndrome, we used 

p`a hap`iq ij viyxgpgza yleu`gvo^ � lapliouavpgza enalysis of two groups of patients (72 

uepgaxpo�� �liku � ��� uepgaxpo� } uepgaxpo ejpal alective resection of the stomach, 

kxvihuwgvepaq� hilpewgps ��� �liku � ��\ uepgaxpo� - patients operated on for diffuse purulent 

ualgpixgpgo palhgxew u`eoa� hilpewgps lepa ij ���^

�il a�ehuwa� ta ygza ex gwwkoplepgix ij p`a qsxehgvs of systemic response syndrome 

qazawiuhaxp gx gxjwehhepgix gx p`a opkqgaq ylikuo if patients (Fig. 1). 
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Þßàáâ A visual comparison of the dynamics of the inflammatory response syndrome in 

two groups of patients in the first, third and fifth day after operation. Left - uncomplicated 

postoperative course, right - the post-operative period in patients with severe peritonitis (82% 

mortality). 

Conclusion: despite the fact that the parameters of the patient imaging process based 

on the critical state expert assessment of syndromic monitoring by the proposed method more 

clear for the doctor and allowed to react to changes in the clinical situation almost 

immediately. 
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klmnoppqmrtu vrmwuoxyo trx pvquup qz{lm|ozor} w~qle training medical specialists   

using modern and computer technologies is enshrined in articles 73 and 87 of the Federal law 

of the Russian Federation [1] that causes the relevance and the state support of technologies 

and  automated complex development for systems providing medical staff training. 

The extensive use of practical experience of clinicians represents a distinctive 

educational feature when  improving the skills of doctors. There appears the  necessity  to 

develop and maintain some training systems, including diagnostic decision support systems 

trx�ml t�}mzt}ox t�}mrmzm�p o�{ol} zmx�uop ����}mrmzm�p zmx�uo o�{ol} p�{{ml}
xqtyrmp}q� xo�qpqmrp� � ������ ���� used for clinical purposes. They possess the values of 

quality indicator acceptable for practitioners. 

To conduct an optimal therapy for each individual case in the clinical setting the 

doctor must quickly and adequately assess the patient’s state and make the necessary 

decisions. The risk of making a wrong diagnostic decision is high and the consequences of 

improper treatment are often disastrous. Therefore,  the role of  quality improvement  of 

clinical diagnostics increases (including body state classification during treatment). This 

problem is of crucial importance in a doctor activity dealing with an  increased degree of risk 

and  responsibility (surgeon, obstetrician, andrologist, ophthalmologist, gynecologist, 

cardiologist, etc.) 

The Automated Training Systems (ATS) [3] are used in two modes: training and 

examination. In most cases the checking components of ATS for doctors are the tests in the 

form of questionnaires [4] which implements a passive process by the ATS in relation to the 

student having the intellectual, analytical and cognitive abilities. In contrast, it is offered to 

use the testing scheme  (shown in Fig.1) in which AMESDD is used as the testing subsystem 

with verified knowledge base on clinical material .
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ÛÜÝÞÝß à á âÜÝ ãÝâ äå æçåäÞèéâæêÝ ëÜéÞéëâÝÞæãâæëãì S(X) - the patient’ state obtained by decisive 

implication rules ; X(S) – set of values X, necessary to identify a state S through 

implications        ; {X} is the set of values of informative features X of a virtual 

patient; Sit({X}) is the virtual patient’s state  according to the trainee’s opinion; Sit – the state 

of the virtual patient (the situation); á èæãèéâëÜ íÝâîÝÝç àïðæâñ éçò àïðñß  - mismatch 

between Sit({X}) and S(X). 

The educational process (according to the scheme) is carried out under the supervision 

of a teacher.  On the basis of information about the action error of the trainee in response to 

the correct assessment of the situation (  and ) the teacher can  influence the trainee  by 

means of the corrective module of the acquired knowledge and skills,  besides he estimates 

the degree of professionalism and forms the statistical reporting. When training active testing 

of the subject (trainee) is carried out by means of test generation. It consists of either the 

property values of the virtual patient's state X, or his hypothetical state Sit. 

On the basis of the obtained information, his own experience and intellectual 

opportunities the subject (trainee) generates respectively Sit({X}) or X (Sit), which come into 

the AMESDD module. On the basis of direct and inverse decision rules AMESDD [4] either 

diagnoses a state of the virtual patient (forms S(X)) or detects the presence of his diagnostic 

informative features (X (S)).  Mismatch assessment blocks between the correct ("reference") 

decisions (created by AMESDD) and those proposed by the trainees form the corresponding 

values of the error signals (  and ), according to which the TEACHER controls and 

manages training.   

The error signals are calculated according to the formulas:  ,  

  

ïîÜÝÞÝß - i–th characteristic; á âÜÝ óÞäóÝÞâô êéõöÝ äå in the study subject; S – the state of 

âÜÝ ãâöòô ãöí÷Ýëâø ù ú çöèíÝÞ äå ëÜéÞéëâÝÞæãâæëãø ì æå , 

ø ûüì æå .   

ýç âÜÝ òæéþçäãâæë óÞäëÝãã æâ æã óÞäóäãÝò âä öãÝ ÿI�SDD according to the scheme 

óÞÝãÝçâÝò æç pæþ� ��. 
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� ¡¢ £¤ ¥¦§¨§©ª¨ ª«§ ¨¬«§­§® ¯«§¦§ ª«§ °±¬ª±¦ ²ª§aching subject) performs a diagnostic 

¥¦±¬§¨¨ ³´ ª«§ µ¤¶·§¨ ¦§¡ ¨ª§¦§° ³´ ª«§ ¨¥§¬ ¸ ¬ ­odule of informative characteristics. 

¹§¨ °§¨ µ ¤ º»¼½¾¾ «§ ° ¤¡©±¨§¨ ª«§ ¥¤ª §©ª¿¨ ¨ª¤ª§ S or confirms the suggested hypothesis 

¤³±·ª ª«§ ¨ª¤ª§ ±¸ Sg by checking the patient’s characteristic values {X}. Then, on the basis of 

 ©¸±¦­¤ª ±© ¬±©ª¤ ©§°  © ª«§ °¤ª¤³¤¨§ ¤©° ª«§¦¤¥§·ªic procedure knowledge, he performs the 

©§¬§¨¨¤¦´ ¬±¦¦§¬ª ±© ±¸ ª«§ ¥¤ª §©ªÀ¨ ¨ª¤ª§ ·¨ ©¡ ªherapeutic intervention module.  

Á«§© ±¦¡¤© Â ©¡ ¤© §°·¬¤ª ±©¤¶ ¥¦±¬§¨¨ ±¸  ­¥¦±µ ©¡  the professional level of the 

ª«§¦¤¥ ¨ª ° ¦§¬ª¶´  © ¤ ¬¶ © ¬¤¶ ¨§ªª ©¡ ²¸±¦ §Ã¤­¥le, as a practicing physician's assistant) we 

¥¦±¥±¨§ ª± ·¨§ ª«§ ­±°·¶§ º»¼½¾¾ ¤¬¬±¦° ©¡ ª± ª«§ ¨cheme shown in Fig. £³¢

 The metrics of characteristics in AMESDD can be used in three types:  logical and 

semantic values  received during an absolute answer to availability of certain characteristics 

or in the process of applying the test-questionnaires (for example, presented in [4]) and 

numerical values,  in this case, it is recommended to apply techniques of obtaining values of 

latent or integrated characteristics as described, for example, in works [5, 6, 7]. 

If the characteristics of the patient’s state are determined by questionnaire, the 

decision rules are defined in accordance with the value excess of  the risk to belong to a 

cluster; the user  draws the line by the technique stated in [8]. 

Each response to the availability of the characteristics in the patient is estimated by the 

" importance points" ²µ¤¶·§¨ ¤¦§ ¦§¬±­­§©°§° ª± ³§ ¨¬¤¶§°  © ª«§ ¦¤©¡§ ¸¦±­ Ä ªo 

10  as informative significance increases) which are defined  both by expertise and 

statistically [6]. Let this risk be called as ¢ Å«§ ¨ ¡©¨ ¤¦§ ¥¦§µ ±·¨¶´ ¡¦±·¥§°

according to the semantic load, forming G groups.  Values of the partial (group) risks for each 

group are defined by , where   ¨ ª«§ ©·­³§¦ ±¸ ¤¶¶±¬¤ª§° ¨§­¤©ª ¬ ¡¦±·¥¨¢

Values ¤¦§ °§¸ ©§° ³±ª« ³´ ¤© §Ã¥§¦ª ¯¤´ ¤©° ¨ª¤ª ¨ª ¬¤¶¶y, for example, the occurrence 

frequency of  an object in the classroom in an informative confidence interval. Further, the 

risk values belonging to the cluster are calculated ³´ ª«§ ¸±¦­·¶¤¨Æ

® ®

where:  Jm – the number of parameters taken into account in the m-th group, Bm,,j1 – 

rating assigned to the j1-st feature in the m-th group, Ç ¸ ©¤¶ ¦ ¨È µ¤¶·§  © ª«§ ¡¦±·¥ ±¸

indicators m. 

The treatment experience of 400 patients with injuries of the musculoskeletal system 

being in inpatient care was used  in  the computational experiment . State information  of 490 

people was analyzed identifying  three groups [9, 10]: patients with trauma,  which is 

complicated by development of phlebothrombosis  of various localization; patients with 

trauma,  which is complicated by the development of pulmonary embolism; healthy people 

(volunteers) were done their pressure inside the musculofascial sheaths of the tibia  and as 

well as  their lower leg volume was measured using hardware and software diagnostic 

complex [11]. Among the total number of  400 patients examined there were 208 men (52%), 

192 women (48%), 308 (77%) patients older than 40 years, 133 patients died (33%). 

º©¤¶´Â ©¡ ª«§ ¨ª¤ª ¨ª ¬¤¶ ­¤ª§¦ ¤¶® ¶ ª§¦¤¦´ ¨±urces and our personal experience we 

«¤µ§ ¬±©¨ °§¦§° ÉÊË ¨ ¡©¨ ª± ° ¤¡©±¨§ ¤ ¥±¨¨ ³¶§ ¥¦ognosis for thromboembolism (embolic 

ª«¦±­³±¨ ¨® ©±©§­³±¶ ¬ ª«¦±­³±¨ ¨® ª«¦±­³±§­³±¶ ¤ ±f the pulmonary artery –PATE type, 
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ÝÞß àáâã áà äåæãáçèâé ßãêáæëìãí ÝÞß áåÝîáãß ëì ïßèÝh or recovery). The decision-maker 

basic interface with AMESDD [12, 13] and  the vague decision rules of direct type [6] were 

åìßïð ñææ ÝÞèÝ ìÞáòßï ÝÞß èîîßäÝèêæß óèæåßì Ýá ïëègnose efficiently: for nonembologenic 

ÝÞâáãêáìëì ô õíööí ßãêáæá÷ßçëî ÝÞâáãêáìëì ô õíöøí PATE - 0,91, fatality of PATE - 0,94, a 

favorable outcome of PATE - 0,82. 

Thus, the conducted researches allow to develop the structure of  the automated 

training system of professional development of  traumatologist on the basis of the  

autonomous intelligent module of expert support of diagnostic decisions  forecasting  

development of the situation (on the example of a thromboembolism). 
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The complex of decision support algorithms when selecting a 

treatment strategy for patients with serious liver damage 

E. Semenova

Saint-Petersburg state electrotechnical university “LETI”n. a. V.I. Ulyanov (Lenin), Saint-Petersburg

Applicability

Nowadays the information technologies are of a great concern in the modern medicine, 

allowing to get high quality person diagnostic information. A must of such technologies, 

which get opportunities in the operational efficiency of making decisions when setting a 

diagnosis and a further patient treatment, is arising in case of a medical treatment of patients 

with a damage of abdominal cavity organs, a liver in particularly. 
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F#$ %&'$()*%&+ #, -.( #/($)-%#&)0 (,,%'%(&'1 %& +(-ting an emergency surgery response for 

patients with a serious liver damage, the creation of surgeon decision support system (DSS) 

has been proposed. 

The emergency surgeon decision support system for a treatment of patients with 

serious liver damage

The emergency surgeon decision support system is a computer-based system which 

provides the emergency surgeon information support when making decisions for selecting the 

treatment strategy and extra surgeon approach. 

The surgeon DSS consists of five modules: the user interface, the data accumulation, 

selecting of a treatment strategy, determination of extra surgeon approach, information 

analysis. 

The main modules are: the Module of selecting of a treatment strategy and the Module of 

determination of extra surgeon approach, which must include the group of Decision Support 

algorithms. 

The methodology for information content of the emergency surgeon DSS has been 

developed for creating the group of the emergency surgeon decision support algorithms when 

selecting a treatment strategy based on the analytic hierarchy process. 

The methodology for information content of the emergency surgeon DSS when 

selecting a treatment strategy for patients with a liverdamage

The methodology for information content of the emergency surgeon DSS when selecting a 

treatment strategy for patients includes the following stages:

Stage 1. Expert review of factors to consider when selecting a treatment strategy for 

patients.

For finding out sets of factors to consider when selecting a treatment strategy for patients, 

the methodology of extraction of medical knowledges was developed, which consists of 3 

stages: finding out the main factors to consider when selecting a treatment strategy for 

patients, a questionnaire survey to explore and specify, and an interview to more detailed 

learning of each factor. 

Fig 1-3 shows the developed complex of the hierarchically structured factors models to 

consider when selecting a treatment strategy for patients. 

Fig. 1 The hierarchically structured factors models to consider on the need for 

applying the “Damage control” method. Keys: Kd11 – hemodynamic blood 

parameters, Kd12 – level of hemorrhage, Kd13 – seriousness of injury, Kd111 – 

systolic blood pressure, Kd112 – pulsus, Kd113 – rate of pulsus change, Kd121 – 

hemoglobin, Kd121 – hematocrit, Kd1MPI – coefficients, characterizing 

organization capability of medical preventive institution, Kd1S – coefficients, 

characterizing the surgeon professional competence.

T23 4567 8 96:;<4 =3>;?;5< 5< @23 <33= A5B 6CC7D;<4 the “Damage control” method 

Kd11 Kd12 Kd13

Kd111 Kd112 Kd113 Kd121 Kd123

Kd1MPI Kd1S
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Z\]^ _ The hierarchically structured factors models to consider when making 

decision about the necessity for providing an extra surgeon approach. Keys: 

Kd21– I liver segment, Kd22 – II liver segment, Kd23 – III liver segment, Kd24 – 

IV liver segment, Kd25 – V liver segment, Kd26– VI liver segment, Kd27 – VII 

liver segment, Kd28 – VIII liver segment 

Fig. 3 The hierarchically structured factors models to consider when choosing the 

most suitable surgical approach. 

Keys: Kd31 – 3 degree of liver damage, Kd32 – 4 degree of liver damage, Kd33 –

 5  degree of liver damage 

By applying the paired comparison method, the importance of these factors was 

determined. 

Stage II. The professional competence evaluation of each expert.

Nowadays there are a lot of methods for the experts professional competence evaluation: 

the self-evaluation according to objective factors, the mutual evaluation, the evaluation by 

independent experts, so on. The most suitable method is the experts professional competence 

evaluation using the independent evaluation method. In this research the analytic hierarchy 

process was applied for these purposes. 

Fig. 4 shows the developed complex of hierarchically structured factors models to consider 

for the experts professional competence evaluation. Using the paired comparison method, the 

importance of these factors was determined, on the basis of which the algorithms of experts 

professional competence evaluation was made.

`ab cdef gh iaddhgjc kab ldhk hmgkenfb hmocgief epproach 

qd31 qd32 qd33

`ab cdef gh lergjc sbighgdjh endmk kab jbibhhgkt udr providing an extra 

surgeon approach 

qd21 qd22 qd23 qd24 qd28qd25 qd26 qd27
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���� � The hierarchically structured factors models to consider for experts 

professional competence evaluation. 

Keys: Ke1 – the experience, Ke2 – previous done emergency surgeries, Ke3 – the 

academic work for the last 5 years, Ke11 – years of experience in the emergency 

surgery, Ke12 – total years of experience in the surgery Ke13 – rank, Ke21 – the 

quality of done surgeries for the last 3 years, Ke22 – the quantity of done surgeries 

for the whole surgical practice, Ke23 – the quantity of done surgeries for the last 3 

years, Ke31 – the academic status, Ke32 – the teaching and guiding, Ke33 – the 

results of the academic work, Ke211 – the treatment results, Ke212 – the 

postoperative course, Ke331 – the scientific efforts, Ke332 – the intellectual 

property, Ke333 – honorary degrees, prizes, awards, Ke2111 – short-term, 

Ke2112 – long-term

Stage III. The integration of experts opinions on the basis of their competence.

The integration of experts opinions on the basis of their competence was carried out, in 

virtue of such integration the group of decision support algorithms when selecting a treatment 

strategy for patients was produced. 

Conclusion

The implementation the surgeon DSS in the form of the application program “SLIDSS”, 

representing the developed group of decision support algorithms when selecting a treatment 

strategy for patients, can increase the operational efficiency in getting an emergency surgery 

response for patients with a serious liver damage. 

��� ���� �� ������� ������������ ���������� �������ion 

�e1 �e2 �e3

�e11 �e12 �e13 �e21 �e22 �e23 �e31 �e32 �e33
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Clinically proved methods of chronic renal failure (CRF) compensation based on 

hemodialysis, hemofiltration, kidney transplantation are widely used in medical practice, but 

they are sometimes (15-25%) complicated by possible water and electrolyte dysbalance in 

cronically treated patients [1-5]. 

Well known nowadays techniques of hemodialysis and hemofiltration can not 

replace completely renal excretory function, which carries out all its activities in natural 

conditions and is regulated physiologically. Previously we proposed «Method of chronic 

renal failure (CRF) symbiotic "compensation in humans» [6, 7] is based on the use of natural 

physiological function of healthy human kidney for CRF patient's blood purification from 

waste substances subjected to be excreted. CRF patients blood purification from excessive 

metabolites is based on the periodic temporary association of a healthy person's and CRF 

patient's circulations. This method has certain limitations associated with the necessity of a 

careful selection of partners (donor and recipient) with an absolute blood compatibility. 

We have developed a completely new method and apparatus for CRF patient 

"symbiotic" compensation based on hemofiltration and natural physiological functions of 

healthy human kidneys, but exclude mixing partners circulating blood [8, 9]. 

"Symbiotic" hemofiltration is based on mutual exchange of equivalent blood ultrafiltrate 

of healthy person and CRF patient who need blood purification from metabolites. At the same 

time donors and recipients blood circulatory systems are divided by hemofilter and therefore 

there is no blood mixing of the patient and healthy person. 

During CRF patients blood purification from metabolic products separated 

hemofiltration of the patient's and a healthy person's blood plasma  takes place in equal 

volumes. In this case the patient's blood ultrafiltrate flows into the bloodstream of a healthy 

person, and also the blood ultrafiltrate from a healthy person in the same extent enters the 

CRF parient's circulation. Remaining (after hemofiltration) patient's and healthy donor's blood 

components (formed blood elements) are returning simultaneously in their bloods circulations 

respectively (Fig. 1).
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ÔÕÖ× Ø× The Device for "symbiotic" hemofiltration, which consists of two separate 

circuits for healthy and sick person blood circulation. Legend: 1 - catheters, 2 - 

Plastic pipes, 3 - blood perfusion pumps, 4 - hemofilters, 5 - plugs, 6 - electronic 

operation and control unit, 7 - blood pressure sensors, 8 - valves, 9 - exit of the 

ultrafiltrate from hemofilter, 10 - arrow indicating the direction of blood and fluids 

movement. 

  

The hardware complex for "symbiotic" hemofiltration includes: blood pumps, which are 

used in hemodiafiltration [10], hemofilters [11], the electronic operation and control unit, 

pressure sensors, plastic catheter tube [7, 8]. 

Currently, many well-known companies produce hemofilters with different 

characteristics [11]. Filtration characteristics of hemofilter membranes related to «high-flux» 

droop, are very close to the parameters of glomerular filtration rate of a healthy person's 

kidneys. Mentioned hemodiafilters are designed for high-volume hemodiafiltration (HDF) 

with maximum pressure of 500 mm Hg and replacement volume of more than 15 liters per 1 

procedure. Based on the manufacturer's data, it is possible to define the hemofilter's functional 

capacities and to choose the best hemofilter for procedures of "symbiotic" hemofiltration. 

Calculated data for blood plasma clearance from urea and creatinine show high 

efficiency of "symbiotic" hemofiltration. Scheme 2 shows calculated in model dynamics of 

urea concentrations changes in the blood of CRF patient and healthy person during a 

"symbiotic" hemofiltration. At the initial period of "symbiotic" hemofiltration procedure the 

concentration of uremic substances in healthy human blood, due to the receipt of metabolites 

from the patient's blood slightly increases. Kidneys of a healthy person will «respond» by 

increasing of their functional capacities to remove excessive wastes. With the increase of 

uremic metabolites in healthy person's blood plasma due to more intense glomelural clearance 

their concentrations will increase in primary urine and there will be an increase of their 
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éêëìéíîïð ñîíò íòé óîðôõ öìîðé÷ øöùúéûöéðíõüý óéñéì all uremic substances enter into healthy 

person's blood due to lowering of their concentration in CRF patient 's blood (Fig. 2).   

Entering into healthy person's blood of patient's urea and other nitrogenous metabolic 

products will not lead to an increase in their content in blood plasma, and the procedure of 

partners filtered blood plasma interchange does not cause any complications in healthy 

person. 

Applied result of "symbiotic" blood plasma clearance is to reduce the level of nitrogen-

containing metabolites in CRF patient's blood plasma due to more intensive physiological 

function of healthy partner's kidneys. 

Fig. 2. Urea concentration changes in healthy person's (lover curve) and in CRF 

patient's (upper curve) blood plasma during the procedure of "symbiotic" hemofiltration. 

Legend: ordinate: C - the concentration of urea in the blood plasma in mg%, one notch - 

20 mg%; abscissa axis: T - time (in min).  

Advantages of "symbiotic" hemofiltration over hemodialysis and hemofiltration. 

Fundamentally important advantage of  "symbiotic" hemofiltration is that the CRF 

patient's blood plasma clearance from uremic metabolites is produced due to the natural 

physiological functions of healthy human kidneys. 

1. The method is more physiological than hemodiafiltration. As a result of continuous 

mutual hemofiltration procedure kidneys of healthy person effectively purify CRF patient's 

blood plasma from uremic substances. 

2. The method is less expensive, does not require expensive equipment and complex 

schemes of hemofiltration. There is no need to prepare and obtain a special dialysis fluid, in 

performing of predilution and postdilution (common practice in hemodialysis).  

3. In contrast to hemofiltration, whereby it is difficult to provide an equivalent 

ultrafiltrate volume replacement, the method of "symbiotic" hemofiltration provides equal 

"cross-" ultrafiltrate exchange that maintains a constant circulating blood volume in partners 

circulation. 

4. Due to the natural physiological function of healthy person's kidneys, used as a basis 

for patient's blood plasma clearance, the potential for complications development arising from 

hemodiafilration, such as acid-base dysbalance, dehydration and so forth, is reduced. 

Thus, "Symbiotic" hemofiltration is highly effective method of CRF patients blood 

plasma physiological purification from uremic metabolites. Nevertheless each patient and 

doctor have a choice – what to prefer under specific clinical settings and individual patient's 

comorbidities and conditions: hemodiafiltration or "symbiotic" hemofiltration for blood 

plasma purging from metabolites in case of decompensated chronic renal failure. 
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Motivation: 

In cases of severe lung failure and lung injury conventional artificial ventilation may not be 

sufficient in maintaining gas transfer. Even when applying modern therapy guidelines in 

protective lung ventilation required pressure levels may lead to even increased lung damage 

and subsequent loss of lung areas [1, 2]. One option to break this vicious circle and to 

maintain sufficient gas transfer is to support gas transfer by extracorporeal circulation. As a 

consequence it is now possible to relieve ventilation to healthier pressure levels [3]. In the 

past this treatment option was limited to emergency cases as complication rate was rather high 

and the required technical, medical and operational skill to operate such devices challenging. 

With the advent of improved oxygenator and pump technology many of the mentioned 

problems are relieved. However, the scenario of operating such complicated life saving 

machines 24/7 remains critical. In the operating theatre supervision and optimal setting of an 

extracorporeal circulation requires permanent attention of a specially trained cardiovascular 
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p#$%&'()*('+,+#-.*(-(/*0 1.#* +$/*'%#$$#2 +) +.# (*tensive care unit (ICU) the operating 

scenario (see Fig. 1 left) changes significantly and machine operation is reduced to 

intermittent/alarm driven supervision and control. In order to provide similar levels of control 

performance, reliability and safety, ICU devices should provide advanced autonomous 

functions. In our interdisciplinary project “ECLA-VENT” we developed patient oriented 

control strategies to address this issue.     

Methods: 

We developed a full electronic extracorporeal gas exchange system based on standard 

components enhanced with extended patient monitoring (see Fig. 1 right). Our proposed 

extracorporeal lung assistance (ECLA) consists of two femoral venous cannulaes where 

venous blood is collected, a centrifugal blood pump (DP3; Medos Medizintechnik AG; 

Heilbronn; Germany), an oxygenator (Hilite
®

 LT 7000; Medos Medizintechnik AG) as well 

as a jugular vein cannula for blood reinfusion. A MicroAutoBox (dSPACE GmbH; 

Paderborn; Germany) is used for central processing and control prototyping. Actuators are a 

self designed electronic gas blender and a self designed pump control unit. Sensor 

components are pressure sensors (at pump inlet, pre oxygenator and return cannula), online 

blood gas measuring system (CDI
®

 Blood Parameter Monitoring System 500, pre and post 

oxygenator; Terumo Cardiovascular Systems Corporation; Ann Arbor; Michigan; USA), a 

blood flow meter in the external circuit (HT110 flow meter and H9XL flow probe, Transonic 

Systems Inc., Ithaca, USA), patient gas monitors (Dräger Medical GmbH, Lübeck; Germany) 

for gas analysis pre- and post- oxygenator,  as well as a fully equipped patient monitor (A/S3 

Datex Ohmeda Inc.; Madison; Wisconsin; USA) including ventilator gas monitoring and 

continuous cardiac output monitor. Additionally, we use a Ventilator (Servo Ventilator 300; 

Siemens-Elema AB; Solna; Sweden) which is modified so we can set user input settings (e.g. 

pressures, tidal volume, respiratory rate or FIO2) electronically. Each actuator and sensor 

component is connected to the CAN based data bus via microcontroller based network nodes 

[I11 et al.], which implement data protocol translation. 

From a technical viewpoint both ventilation and extracorporeal gas exchange act on the 

same target value (blood gas concentrations) inside the patient body. Thus, from a treatment 

point of view the control strategy has to solve a MIMO control problem with constraints 

regarding actuators. In consequence, the following list provides the main goals of the 

automation system: 

• Provide sufficient amount of gas exchange of O2

• Control of arterial oxygen levels within physiological limits 

Fig. 1 Left: Conventional ECMO therapy in the ICU. Right: New extended 

Extracorporeal oxygenation system
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· Provide sufficient amount of gas exchange of CO2

• Control of venous CO2 levels 

• Operate ventilation at least invasive levels 

• Operate extracorporeal circulation at least invasive levels maintaining optimal 

operating conditions 

This can be achieved by a cascaded control structure as shown in Fig. 2: 

  

FCDE G Cascaded control scheme of an automation system for control of 

extracorporeal circulation and artificial ventilation. Adapted from [4] 

An inner loop controls gas exchange in the oxygenator independently for O2 and CO2. This 

enables a decoupling of the control quantities and independent control. It also compensates 

for changes in gas exchange capacity of the oxygenator over time. Ventilation parameters are 

set in an independent feed forward concept. Here we implemented an automatic maximum 

compliance search strategy to optimize the point of ventilation. All other parameters were set 

according to the protective ventilation scheme of the ARDS-Net protocol [2]. Physiological 

target values of peripheral oxygen saturation SpO2 and venous CO2 partial pressure PvCO2 are 

controlled using the outer control loop manipulating oxygenator gas transfer as well as 

ventilator oxygen fraction (see Fig. 2). One safety feature is included for oxygen transfer. In 

case of a sudden life threatening hypoxic crisis the control is reconfigured to create maximum 

O2 gas transfer until a safe oxygen saturation is reached. Subsequently, the autonomous 

system switches back to the optimal control maintainig the new safe state. 

    

Results: 

To validate the designed control structure, we performed a series of animal experiments ( 

55-75 kg  domestic pigs , approved by LANUV NRW; Recklinghausen; Germany 84-

02.04.2014.A113;). After instrumentation and connection to the extracorporeal circuit, 

varying degrees of lung failure were introduced by lung lavage with saline solution. In all 

cases moderate to severe ARDS could be created (PaO2 / FIO2 < 200 mmHg). After steady 

state at the initial operating point, control was activated and several setpoints for SpO2 and 

PvCO2 were selected. Intermittent identification of lung parameters and operating point search 

optimized ventilation. Figure 3 shows results for both SpO2 and PvCO2 control during a 

section of the trial. As can be seen, target values could be established and maintained as 

required. Under normal operating conditions the controller was able to reach the desired 
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Z[\]^_`_a^bc` dceafd b_gbfgdecd^_g] h^d[^g ij k^gldes for CO2 and 3-5 Minutes for O2. Even 

with extreme disturbances hypoxic episodes with SpO2<85 could be prevented. Only in cases 

where venous wall suction at the inlet cannulae prevented further increase of blood flow 

control targets could not be met (not shown). 

mnoq r Target control of SpO2 and PvCO2 during an animal trial, adapted from [4] 

Conclusions: 

Our experiments could prove efficacy and performance of the designed control system. 

Combined with advanced safety functions (not presented here) we show the feasibility of next 

generation ECLA devices enabling routine application in demanding hospital situations.  
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A new device for the rapid assessment of the cardiovascular 

system    

V.V.Shapovalov, 
�St.Petersburg State Electro-Technical University (LETI), Department of Biotechnical System, 197376 St. 

������� �¡¢ £ ��¤¥

 To improve the situation in the health and efficiency of the organization of medical aid 

to the population developed a wireless device, a so-called "thermometer for the heart" for the 

rapid assessment of the cardiovascular system of the person registering at the request of an 

electrocardiogram and automatically (without the help of a specialized physician) identifying 

diagnostically important events . 

 These events are classified into three levels according to the degree of significance 

("traffic light" principle): 

a) The green zone - no current threat to the health of the patient; 

b) The yellow zone - medium level of threat, warning of the danger; 

c) The red zone - high level of threat, the need for swift action..   

To reach this goal, the following tasks: 

a) automation of processes of reception and processing of information about the patient's 

physiological health on board the apparatus for recording and interpreting data on the state of 

the cardiovascular system; 

b) automated extraction / detection of diagnostically significant events based on the incoming 

ECG signal and their classification with subsequent alarm / display doctor on the principle of 

a traffic light; 

c) assessment of descriptiveness devices; 

d) evaluation of the optimal duration of ECG recording. 

The main technical advantages of the device compared to the closest analogues will 

be: 

1) the presence on board of the automatic analysis devices in real time without the need for 

participation of a health care professional, which makes the devices complex based on the 

maximum online and offline; 

2) ranking of cardiovascular events in the degree of health hazard (red, yellow and green 

levels); 

3) recognition of a number of disorders, acting as a threat to human health, in automatic 

mode, with a minimum time delay; 

4) informing the user via voice messages and displays on the principle of a traffic light. 

With the help of the developed device in the absence of a cardiologist can perform a 

rapid assessment of the human cardiovascular system. Therefore, any medical professional 

will be able with support integrated in developing a set of intelligent algorithms to quickly 

assess the level of threat identified by a set of disorders for the health of the patient, the time 

to send it to the profile expert and thereby prevent the onset of critical states. 

The present work was financially supported by Ministry of Education and Science of 

Russia, the agreement No. 14.578.21.0122 �� 28.10.2015 �. 
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Sensitivity analysis for dual belt electrical impedance tomography 

J. Orschulik, T. Menden, S. Leonhardt, D. Teichmann

Philips Chair for Medical Information Technology, Helmholtz-Institute for Biomedical Engineering,  

RWTH Aachen University, Pauwelsstr. 20, D-52074 Aachen, Germany 

Introduction 

Electrical Impedance Tomography (EIT) is a biomedical imaging technique. By injecting 

non-harming currents into the body and measuring voltages at its surface, EIT can visualize 

impedance changes inside the body. Typically, EIT is used in the field of ventilation 

monitoring to detect pathological conditions such as atelectasis. Additionally, in mechanically 

ventilated patients, EIT is can visualize the impact of changing ventilation parameters as it is 

real time capable. Besides ventilation monitoring, cardiac monitoring is a promising field for 

EIT. Unfortunately, the separation of cardiac and breathing activity is not straightforward, as 

the impedance changes obtained from heart activity and perfusion are roughly one magnitude 

smaller than impedance changes from ventilation activity [1]. Thus, simple filtering in the 

frequency domain fails due to ventilation harmonics, especially in mechanically ventilated 

patients. 

Current EIT systems use 16 or 32 electrodes placed in a single sectional plane. 

Additionally, these systems use adjacent injection and measurement patterns, which leads to a 

high current density close to the body surface. It has been shown before, that the sensitivity to 

central areas can be improved when using different patterns [2]. Additionally, we 

demonstrated in an experimental study that using two electrode belts instead of one increases 

the power of the cardiac signal [3]. In this paper, we quantify this increase and show that dual 

belt EIT is a promising approach to increase the sensitivity of EIT measurements in the center 

of the body.  

Materials and Methods 

The methods that are used in this paper to evaluate different injection and measurement 

patterns are based on the electrical sensitivity. In general, when using two injection and two 

measurement electrodes, the measured impedance can be calculated as 

ννν
νσν

d)()(
)(

1
LILE JJZ � ⋅= , 

where )(νσ is the local electrical conductivity and )(LE νJ and )(LE νJ are the normalized 

current density distribution of the current injecting and voltage measuring electrodes. The 

sensitivity )(νiS for a given impedance measurement i  is then defined as the dot product of 

the two current density distributions: 

)()()( LI,LE, ννν iii JJS ⋅=  [4]. 

With this definition, it is possible to quantify the contribution from each volume element 

νd on the measured impedance Z . Conductivity changes in areas with a high sensitivity will 
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áâ ãäåæçèéê ëìãìáéâ ìç äíâ îâïãðåâñ ìîòâñïçóâô õíâåeas changes in areas with a zero 

sensitivity do not have any impact on the result. Fig. 1, left, demonstrates a sensitivity 

distribution in a sectional plane. In order to evaluate different injection and measurement 

configurations in terms of their capability to monitor cardiac activity, we investigate their 

sensitivity distribution in the heart region. 

In EIT, we have multiple impedance measurements which are used to reconstruct an 

image. In 16 electrode systems, a total of 208 impedance measurements are performed per 

frame, while 32 electrode systems provide 928 impedance measurements per frame. Thus, we 

do not evaluate single impedance measurements but normalize the sensitivity on the total 

absolute sensitivity of an EIT frame: 

��
=

i

i

i
i

S

S
S

ν

ν

ν
ν

|)(

|)(|
)(norm, . 

The normalization factor��
i

iS
ν

ν |)( describes the total absolute sensitivity for a given EIT 

setup.  

As we aim to evaluate the configurations in the heart region, we define a region of interest 

(ROI), as shown in Fig. 2. The focusing index is then defined as the ratio between the total 

absolute sensitivity in the region of interest and the total absolute sensitivity in the whole 

model: 

Fig. 1 Evaluation principle. Sensitivity distribution (left) and normalized sensitivity 

distribution (middle) for two impedance measurements. All normalized distributions are 

summed up, to create a total sensitivity image as depicted on the right side for these two 

measurements. Furthermore, the normalized distributions are used to calculate the index ζ . 
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The evaluation pipeline is demonstrated for two impedance measurements in Fig. 1. On the 

left side, the sensitivity distributions of two adjacent impedance measurements are depicted. 

These sensitivity distributions are then normalized and used to calculate the focusing index 

ζ . The normalized sensitivity distributions are used to calculate the local total sensitivity, 

which is defined as 

�=
i

iSS )()( norm,totlocal, νν . 

This measure can be used to visualize the local total sensitivity distribution of multiple 

impedance measurements and will be shown for different EIT setups in the results. Green 

areas have a sensitivity of zero and do not contribute to the impedance data, while red and 

blue areas have an influence on the data. 

Results  
The results in this paper were calculated in Matlab (MathWorks, Inc., USA) using the 

EIDORS framework [5]. We compare a dual belt EIT configuration to the state-of-the-art 

adjacent single belt EIT. Fig. 2, left, shows a finite element model (FE-model) of the single 

belt setup while Fig. 2, right, shows the FE-model of the dual belt configuration. In this study, 

both FE-models use a cylindrical geometry for the body with a sphere in the center as the 

region of interest. Current densities and sensitivity distributions are simulated for all 928 

impedance measurements. While the single belt configuration uses the typical adjacent 

injection and measurement pattern, we use a skip-9 pattern for the dual belt setup. This 

pattern skips 9 electrodes, so that electrodes are used for injection and measurement that are 

further apart. The total absolute sensitivity for these two configurations is shown at three 

image planes.  

For the single belt configuration, we observe the expected results. The total absolute 

sensitivity at the electrode height is high in areas close to the surface and low in the center 

(Fig. 2, b). Additionally, the absolute total sensitivity in slices above and below the electrode 

plane is very low (Fig. 2, a, e). This results in a focusing index ζ  = 0.00198 for this 

configuration. In contrast, the dual belt approach shows a higher and more homogeneous 

absolute sensitivity distribution in the center (Fig. 2, e). Furthermore, the dual belt 

configuration does also provide a higher total absolute sensitivity in higher and lower regions, 

so that a three-dimensional analysis is possible (Fig. 2, d, f). The focusing index for the dual 

belt configuration is ζ  = 0.00276, which is roughly 40% higher than in the single belt 

configuration. 
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F��� � Sensitivity distribution in multiple image planes with one electrode belt (left) and two 

electrode belts (right). While state-of-the art configuration with one belt and adjacent injection 

and measurement patterns is mainly sensitive to areas close to the body surface, the two belt 

configuration with a skip-9-pattern provides a higher sensitivity in the central area. The ROI 

used to calculate the index ζ is depicted in blue. 

Discussion and Conclusion

The results show that dual belt EIT is promising for future applications for several reasons. 

For example, dual belt EIT might be able to reconstruct images in multiple planes. In single 

belt EIT, images can only be reconstructed in one plane, as it cannot be distinguished between 

impedance changes occurring above the electrode belt and those occurring below. In contrast, 

in dual belt EIT this becomes possible, as impedance values are acquired at different heights. 

By accordingly adjusting the reconstruction algorithm, images could be reconstructed at any 

height in between the two belts. Especially in systems with 32 electrodes, this is promising as 

the usual 16 electrode reconstruction approach can be used for each individual belt height. In 

addition, dual belt EIT provides a higher sensitivity in the center than single belt EIT. Current 

EIT applications mainly focus on ventilation monitoring. However, as mentioned in the 

introduction, cardiac monitoring is an interesting field for EIT. By using dual belt EIT, it 

might be possible to increase the power of the cardiac signal. This is important for signal 

separation, as high amplitude harmonics from ventilation are one major challenge in current 

approaches. 

Some points need to be addressed in future research. In this work, two setups were 

investigated in a cylindrical model. More setups and more complex models could be used to 

achieve even higher focusing indices. Even setups with three or four electrode belts could be 

investigated. Additionally, to reconstruct images at different planes, reconstruction algorithms 

have to be adjusted. Nevertheless, this study gives an impression on how much dual belt EIT 

can improve the measurement sensitivity and demonstrates the impact of dual belt EIT on the 

sensitivity distribution. 
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Fedeartion  

Introduction 

In paper, a variant of Radiophysical complex construction in which one of the 

informational channels is a contact microwave radiothermograph is proposed. This complex 

provides registration of the electromagnetic field fluctuation of the brain deep structures in the 

monitoring mode of the functional processes in its tissues. This mode allows continuous 

record of the biomedical signals for an observational interval. The duration of the interval is 

determined by the formation of a physiological phenomenon, investigated during the studies. 

In this context, a special role in such studies belongs to the functional-loading tests, which to 

some extent may affect the homeostasis of the cerebrospinal fluid circulation and 

hemodynamic in brain tissues and induce physiological changes that are the subject of the 

study. 

According to this, the following tactical and technical requirements of the Radiophysical 

complex were formulated: the length of the studies were limited from 5 to 30 minutes. During 

the study, the complex must be capable to simultaneously register biomedical signals of the 

radiometric information channel and of the information channels of standard functional 

diagnostics (e.g. electroencephalography, electrocardiography, electrodermal activity, 

photoplethysmography, etc). In order to obtain the integrative assessment of the regulation 

quality for different regulatory systems of the body, that provides the brain homeostasis. 

Creation of such multi-channel Radiophysical complex is the urgent task that would improve 

the quality of early diagnosis of the brain processes regulation disorders. 

Methodology 

This paper analyses the features of the of brain microwave radiation in 650-850MHz range, 

which reflects the dynamics of fluid in tissues and dynamic thermoregulation processes, that 

are indicators of changes in physiological processes in the brain tissues. 

According to the provisions of the Planck's radiation law and bio-heat equation, signals of 

the brain microwave radiation fluctuation is the result of modulation of thermal Brownian 

motion of functional processes in the brain tissues. However, the mechanisms of this 

modulation are not well understood. This approach is consistent with the hypothesis of 

academician Y.V. Gulyaev and professor E.E. Godik: physiological processes in tissues can 

be modulated by natural physical field. [1]. 

The Radiophysical complex is considered as part of the bio-technical system (BTS), 

microwave radiothermograph is one of the informational channels. The brain microwave 

radiation is caused by the thermal Brownian motion of charged particles that are modulated 

by functional processes in tissues. As a result, the signal is likely to have self-similar fractal 

nature, caused by the cyclical processes of dynamic regulation of homeostasis [2].  

In the state of art works, statistical, spectral, and correlation information methods are 

usually applied to assess the characteristics of the signals of the brain microwave radiation. 

These methods do not take into account the fractal properties of the investigated process. 

Therefore, in this study of the BTS, it is advisable to apply the methods of multifractal 

analysis. The structure of such BTS is shown in Fig. 1. 

The heart rate variability (HRV) signal is one of the examples of information channel 

formed by standard instruments of functional diagnostics. Choice of such signals in this study 
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iN OPQ RTTiUVOQRWX YZV NV[\VOQRW Ui]iNiPON P^ QZV Rutonomic nervous system are involved in 

the organization of the cerebral circulation [3]. 

_`ab c The structure of BTS. 

The collective analysis of the heart rate variability (HRV) and brain microwave radiation 

signals was performed based on studies that were conducted in the Sverdlovsk Clinical 

Hospital of Mental Diseases for Military Veterans (Yekaterinburg, Russian Federation). For 

investigation of cross-correlation between two time series, one can use method of the 

Multifractal cross-correlation Analysis (MFCCA). Application of this method   for biomedical 

signal evaluation was described in [4]. 

The studies were conducted on the following groups of patients: the first group was 20 

neurologically healthy patients volunteers aging 18-20 years, the second group was 14 

patients suffering from ischemic stroke (prior to the treatment), the third group was 7 patients 

from the second group after treatment processes, for whom the improvement was clinically 

proved.  

Measurements of biomedical signals were carried via the Radiophysical complex in two 

functional states of patients volunteers: functional rest (F) and during the passive 

antiorthostatic load (A). The time of each of the functional states was equaled to 300 seconds. 

Record of the brain microwave radiation was conducted simultaneously the left and right 

brain in the parietal hemispheres. HRV data was recorded at the same time.  

The MFCCA method can be applied for detection of long-term multifractal cross-

correlation between two different biomedical signals recorded simultaneously. The HRV 

signals are not equidistant in comparison to signal of the brain microwave radiation. So, it is 

advised to use cubic spline interpolation prior to the HRV signals investigation. For summary 

multifractal estimate, evaluation of the HRV and brain microwave radiation signals, the 

interpolation was implemented with the same sampling frequency equaled to 10 Hz.  

One of the features of the MFCCA method is the possibility to perfom caculations in 

particular time windows. The following time windows were used to investigate the 

multifractal properties of short-term biomedical signals: 1–10, 10–20, 20–30, 30–40, 40–50, 

50–60, 60–70, 70–80, 80–90 and 90–100 seconds. The lower boundary of time windows is 

limited by interpolation noise (below one second). The upper boundary is defined by the N/3 

ratio, where N is the length of time series [4]. 
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tissue is poorly understood. Although clinical trials of its activity depends on the effectiveness 

of rehabilitation of vascular lesions of the brain. Moreover there is no data on the effect of the 

autonomic regulation on the brain microwave radiation signals. Evaluation of nonlinear 

dynamical laws of the brain microwave radiation signals and HRV, including the temporal 

synchronisation of the processes, in order to forecast the patient's condition requires the 

application of a variety of specific analysis tools. 

Results and discussions 

Diagnostic possibility of the obtained multifractal features of selected biomedical time 

windows for two functional states was determined by the Bland-Altman criterion [5]. Firstly, 

the systematic discrepancy is counted as difference of each for each pair of 

exponents � �{|wx |v}|� |vw �w}� �}z~w �R> and standard deviation S for the 

differences are obtained. The standard deviation characterizes the scatter degree of results. 

The final estimates of modulus of systematic discrepancy of the Hurst exponents obtained 

by the method MFCCA for each time window for three group of patients are presented in the 

tables below. Here, the estimates are shown in bold type that have: 

• low level of systematic discrepancy between two functional states for patients of the first 

group; 

• high level of systematic discrepancy between two functional states for patients of the 

second group; 

• reduction of this level for patients of the third group. 

The estimates of modulus of systematic discrepancy obtained via the Bland-Altman 

criterion for difference of the cross-correlation Hurst exponent  and 

calculated for the HRV and brain microwave radiation (BMR) signals between two functional 

states are shown in Table. 

Table: Mean and standard deviation of systematic discrepancy  

of cross-correlation Hurst exponent of the HRV and brain microwave radiation signals. 
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According to the data presented in Table, the estimates of differences of the cross-

correlation Hurst exponent in time windows 20-40 and 60-70 seconds for patients in the first 

group have low level of systematic discrepancy. In other cases, for different nosology and 

functional tests, results may differ from those obtained in the present study. 
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ÄÅÆÇÈÉÊËÅÆÊ
The BTS based on the Radiophysical complex estimates of the human brain functional 

processes is suggested. Main pecularities of this BTS are complexation of the microwave 

radiothermograph with standard equipment for functional diagnostics of the autonimic and 

central nervous systems. Method MFCCA is proposed for  collective analisys of the 

biomedical signals. 

Analysis of the short-term HRV and brain microwave radiation signals with the methods of 

the cross-correlation multifractal analysis allowed to obtain new knowledge about the studied 

biomedical signals, which indicate that: 

1. for the "time windows" 20-40 and 60-70 seconds in the function rest and during the 

passive antiorthostatic load systematic divergence of the difference for the Hurst exponent of 

biomedical signals are minimumal for healthy patients volunteer. For patients suffering from 

ischemic stroke, these values are substantially greater before the rehabilitation treatment. 

After rehabilitation treatment for patients from this group, who have been clinically proven to 

improve, the systematic divergence of the difference for the Hurst exponent of the biomedical 

signals decreases. 

2. application of multifractal formalism allowed to prove that the minimal level of 

systematic discrepancy between signals of the HRV and brain microwave radiation 

characterizes the similarity of dynamic changes in these signals. In this case one can conclude 

that role of the autonomic regulation defined by the parameters of HRV signal in the 

formation of the brain microwave radiation is high.  

The considered BTS  allowes to monitor changes in functional processes of the brain 

homeostasis regulation. The proposed approach can be used for the medical diagnostics.  
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X-ray microtomography in biomedical applications 

A.Yu. Gerasimenko, I.V. Pyanov  

National Research University of Electronic Technology, Biomedical Systems Department, Moscow, 

Russia 

Methods of optical or electron microscopy allow to visualize the two-dimensional image of 

the sample surface or thin sections. However, in most cases, the conclusion of the three-

dimensional the structure of the object can't be made on the basis of two-dimensional 

information. 

X-ray tomography system allows visualization and measuring the three-dimensional 

structure of the object without prior training. Typically, the spatial resolution of medical CT 

scanners is in the range from 1 to 2.5 mm corresponds to the size of a voxel (volume element) 



ÌÍÎÏÐÑÒ Ó Ô ÕÐÑÖÍ×ÐÎØÙ ÍÒÚÐÒÍÍÛÐÒÚ ØÒ× ÕÐÑÖØÏÍÛÐØÙÌ

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

235 

ÜÝ Þßà á â áã äåæÜä ççè éêçëåÞàìÜíàî ïâìðñ çÜäìêÞêçography gives opportunity to improve 

spatial resolution for the 7-8 orders of magnitude in volume terms. System SkyScan 1174 

allows to achieve a spatial resolution less than 10 Om, according to the voxel size 1x10
-6

 cubic 

mm (Fig. 1) [1].  

Microcomputed tomography (CT) or "micro-CT" is x-ray imaging in 3D, by the same 

method used in hospital CT scans, but on a small scale with massively increased resolution. It 

really represents 3D microscopy, where very fine scale internal structure of objects is imaged 

non-destructively. No sample preparation, no staining, no thin slicing - a single scan will 

image sample's complete internal 3D structure at high resolution. As in "macro" CT scanners, 

the interior structure may be restored and analyzed fully without destroying the object.  

òóôõ ö X-ray microtomography system SkyScan 1174 (Bruker, Belgium) 

This scanner uses an x-ray source with adjustable voltage 20÷50kV and a range of filters 

for versatile adaptation to different object densities. A sensitive 1.3 megapixel x-ray camera 

allows scanning of whole sample volume in several minutes Camera coupled to scintillator by 

lens with 1:6 zoom range. Variable is combined with object positioning for easy selection of 

the object part to be scanned. The spatial resolution of microtomography system SkyScan 

1174 is 6÷30 µm pixel size, approximately 10 µm low-contract resolution. With the help of 

SkyScan we can investigate objects 5÷30mm in diameter and 50mm in length. SkyScan 

supplies multithread reconstruction by Feldkamp algorithm [2]. 

We started series of experiments on biological samples, bulk nanocomposites and 

biocompatible materials (Fig. 2-5). 

Fig. 2 Tomogram of aqueous suspension of protein albumin with carbon 

nanotubes
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protein albumin since the latter has good biological and photothermal properties (albumin – a 

transport protein being a part of blood serum and cytoplasm of human and animal cells) [3]. 

F��� � Single tomography slice of aqueous suspension of protein albumin with 

carbon nanotubes

���� � Tomogram of bulk nanocomposite for biomedical applications

���� �. Single tomography slice of bulk nanocomposite 
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during the first stages after a laser operation [4]. The strength of nanocomposites based on 

nanocomposites containing conventional aqueous albumin solutions does not always comply 

with medical requirements [5]. Therefore, we developed the composition of the 

nanocomposites based on aqueous albumin dispersion (concentration of 25 % wt) with carbon 

nanotubes (CNT, concentration of 0.1 - 0.3 % wt). Moreover, multi-walled (MWCNT) and 

single-walled (SWCNT) carbon nanotubes were used. MWCNT had a diameter (d) of 50-60 

nm and a length (l) of 3-7 Om. In case of SWCNT d = 1.2-1.6 nm, l = 0.5-1.5 Om. 

The CNT-based laser nanocomposite solder has been developed and analyzed [3, 5].. It is 

applied on the tissue to be weld before its welding. The effect of the electric field of laser 

irradiation on CNT orientation leads to the three-dimensional scaffold formation inside the 

nanocomposite solder. Irradiation electric field can increase at the edges of nanotubes and 

depends on their sizes. 

Results of tomographic reconstruction can be use in the sphere of creating nanocomposites 

and biocompatible materials for medical application for example for restoring of the integrity 

the dissected biological tissues by laser welding [6].  

In conclusion it should be mentioned that the initial stage of orientation of CNTs which are 

not placed too close to each other provides conditions for forming the three-dimensional 

nanoscaffold inside nanocomposite solders and may be feasible. This nanotube scaffold can 

produce the effective self-assembly of cellular material. 

This work was provided by the Ministry of Education and Science of the Russian 

Federation (Agreement 14.575.21.0089) and the Stipend of the President of the Russian 

Federation for young scientists and graduate students (SP-70.2015.4). 
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Biomedical Engineering Department, Bauman Moscow State Technical University, 5, 2d Baumanskaya str., 

Moscow 105005, Russia 

Russian Federation like many other countries, is facing the problem of an ageing society 

efgh ij klfmn opoqr sjo stu sv w xosxyo zj {t||z} ~}| }�o� �l ro}rs or over, }j� km� sy�oq
}�tyu| yzpo� }ysjo ekgh ��oqo }qo �}jr �zvvz�tyuzo| u�}u |ojzsq �zuz�oj| }qo v}�zj�h ij x}quz�ty}qn
fall incidents are considered the most dangerous cause of accidents for elderly people, and 

represent also the third cause of chronic disability. Wearable fall detection devices with 

movement sensors are not reliable because a person might simply forget to put it on regularly 

sq �o�|�o �z��u ys|o �sj|�zst|jo|| }j� ~zyy jsu �o able to activate a device. ��oqovsqo
qo|o}q�� sv }j ovvo�uzpo �sju}�uyo|| v}yy �ouo�uzsj method has become a question of great 

|�zojuzvz� zjuoqo|uh �jo sv |t�� �ou�s�| z| �zsq}�zolocation [3]. 

�opoysx�oju sv ovvz�zoju |z�j}y xqs�o||zj� }y�sqzu�m especially depends on picked 

features of fall patterns. The selection of features is one of the most important challenges in a 

classifier development. This task includes a preliminary data analysis. We have considered an 

informative assess characteristics of training sample, in particular evaluation of 

informativeness, evaluation of characteristic values selection of the most representative 

objects of radar signal. In this research 80 records of various basic movements have been 

selected. We conducted experiments for 7 different motion patterns, including forward falling, 

backward falling, sitting and standing, turning 90 and 180 degrees, arm motion, going in and 

out of the location zone. As a bioradar in the experiments we used bioradar BioRASCAN-7 

designed at Bauman Moscow State Technical University. It operates at probing frequency of 

7.0 GHz. Fig. 1 shows the photos of the experiment.

���� � Scheme of the experiment. 

�qoyz�zj}qr �}u} }j}yr|z| �}| z�ojuzvzo� |opoq}y x}rameters in time and frequency domains 

which may be used for further classification of movement patterns in a bioradar signal. Event 

duration (t) and variation of signal amplitude (�A) have been used as time parameters. In 

frequency domain several numerical characteristics of power spectral density (PSD) have 

been used, such as: average and maximum PSD amplitude values and total power signal in a 

predetermined frequency range (25-50 Hz). For parameters of frequency domain have been 

formed following coefficients: maximum to average power ratio (C) and maximum to total 

power ratio (PC). Three methods sv �}y�ty}uzsj zjvsq�}uzpojo|| zj�z�}usq| �}po �ooj |oyo�uo�
to make a comprehensive assessment zj u�o �}u} x}q}�ouoq| :  Kullback divergence, 

cumulative frequencies and Shennon methods [4]. All methods mentioned above have been 

implemented in Mathcad software. The results of the calculations are presented in Table 1. 
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 Assessment of informativeness 

Features t µA C ¶·

Cumulative 

frequencies 

method 

29 21 34 30 

Shennon 

method 
0,588 0,326 0,72 0,593 

Kullback 

divergence method
3,285 0,981 6,829 6,96 

The results generally show a predominance of frequency domain parameters over the time 

domain parameters . But any single feature alone is not enough to provide comparable fall 

detection performance. Thus we conclude that for better performance classifier should be 

based on both frequency and time domains parameters. Although the results are preliminary, 

they may be useful for the development of non-contact fall detection system. 
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The investigation of the tensile strength of composite based on 

carbon nanotubes and the AFM structure of composite
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3-D bioconstructions were created using the evaporation method of the water-albumin 

solution with carbon nanotubes (CNTs) by the continuous and pulsed femtosecond laser 

radiation. It is determined that the volume structure of the samples created by the 

femtosecond radiation has more cavities than the one created by the continuous radiation. The 

average diameter for multi-walled carbon nanotubes (MWCNTs) samples was almost two 

times higher (35-40 nm) than for single-walled carbon nanotubes (SWCNTs) samples (20-30 
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ÈÉÊË ÌÍÎ ÉÏÐÑ ÍÏÉÏÒÎÈÏÓÐ ÔÕÖ ×ØÏÙÏÈÐÑÚÓÙÑØÏÈ ÛÜÐ ÝÏrmed from MWCNTs by the 

continuous laser radiation [1]. The hardness of such samples totaled up to 370 MPa at the 

nanoscale. High strength properties and the resistance of the 3-D bioconstructions produced 

by the laser irradiation depend on the volume nanotubes scaffold forming inside them. The 

scaffold was formed by the electric field of the directed laser irradiation. The covalent bond 

energy between the nanotube carbon molecule and the oxygen of the bovine serum albumin 

aminoacid residue amounts 580 kJ/mol. Thus, the 3-D bioconstructions that are 

nanostructured by the pulsed and continuous laser radiation can be applied as implant 

materials for the recovery of the connecting tissues of the living body. High strength 

properties and resistance of 3-D bioconstructions produced by laser irradiation depend on the 

3-D nanotube scaffold forming inside them. The scaffold is formed by the electric field of the 

directed laser irradiation. The authors of N. V. Kamanina et al. have shown the possibility of 

CNTs structuring (perpendicular to the template surface) using the electric field of the �O2

laser with the power of 30 W, the light electric-field strength being Lmean= 10-20 kV/m. 

The technology of 3-D bioconstructions laser formation has several steps. First step is the 

preparation of the water-albumin dispersion. BSA is dissolved in the distillated water in ~25 

% concentration to receive the albumin solution. Next the composition is dispersed in the 

ultrasonic bath for 1-2 hours to receive the homogenous medium. Second step is a preparation 

of the working medium with CNTs. CNTs are added in the water-albumin dispersion in 0.1-1 

g/l concentration. Then the solution is dispersed in the ultrasonic bath for 3-5 hours to receive 

the homogenous colloidal black-colored solution. It is necessary to preliminary interfuse 3-D 

bioconstructions with the powerful probe homogenizer (30-40 minutes, 30 W) while receiving 

them from SWCNTs [2]. 

The usage of the unfocused laser beam that falls on the working water-albumin CNTs 

dispersion is a specialty of this 3-D bioconstruction formation technique as opposed to the 

laser stereolithography, polymerization and sintering. It gives the possibility to receive 

volume materials without inhomogeneities of solid material through pointed moving of laser 

beam on the surface of the working medium. The solid material formation results by the 

liquid evaporation under the laser radiation. The falling beam profile has Gaussian 

distribution and its diameter equals the diameter of container with water-albumin CNTs 

dispersion (~ 5 mm). And the layer thickness of the solution is 5 mm. The intense radiation 

absorption followed by heating of single CNTs and its conglomerates occurs during the laser 

radiation of the water-albumin CNTs dispersion. Next the local boiling of water-albumin 

matrix happens around CNTs and its conglomerates that causes BSA denaturation. The 

dispertion level (size of CNTs and its conglomerates) affect the size of the developed inner 

pores and cavities. So, if the size of CNTs conglomerates in the initial solution is normalized 

then the inner structure of 3-D bioconstructions become more homogenous. 

The two types of lasers i.e. the continuous diode laser and the pulsed solid-stated laser 

(Ti:Sa) were used to create 3-D bioconstructions based on CNTs in the water-albumin matrix 

with the laser nanostructuring method. The basic characteristics of the radiation of both lasers 

were equal i.e. the generation wave length - 810 nm, power – 2 W. The impulse duration of 

the Ti:Sa femtosecond laser amounted 140 fs and the frequency - 80 MHz. The radiation of 

the both lasers was brought into the optic fiber and the needed diameter was adjusted with the 

collimator at the output.  

The particular study of the sample I and III porosity (Table 1) by the capillaceous nitrogen 

adsorption-desorption has shown following results. The specific surface for the samples with 

SWCNTs made about 0.03 m
2
/g. The specific surface values for the MWCNTs samples 

received by the continuous radiation (0.009 m
2
/g) were significantly lower than for the 

samples received by the femtosecond radiation (0.07 m
2
/g). Meanwhile the value of the 

specific pore volume for the all samples have the one degree of order. The average pore 
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îïðñòóòô õöô ó÷ò øùúûüý ýðñþÿòý ïý d���� �ñ ð�î õöô the MWCNTs totals almost two times 

higher (35-40 nm). 

Table 1. The investigated properties of the samples

Number of the 

3-D 

bioconstruction

CNTs 

type 

Type of 

laser 

radiation 

Specific 

surface, 

m
2
/g 

The specific 

pore volume, 

ml/g 

Average 

diameter of 

pore, nm 

I SWCNTs Continuous 0.03 0.0005 28.802 

II SWCNTs Femtosecond 0.031 0.0004 23.044 

III MWCNTs Continuous 0.009 0.0006 39.413 

IV MWCNTs Femtosecond 0.07 0.0009 35.792 

The mechanical characteristics research was carried out after the inner structure studying 

of the samples. The scanning probe indentation method was used for this purpose. The 

method is based on the analysis of the pressing dependency while the hardness indentation in 

the material surface versus the depth of penetration. The indentor of Berkovich type was used 

i.e. the tree-sided diamond pyramid with an angle of 65° at the top. The hardness of the linear 

sizes in the nanometer scale was measured. The nanohardness of the SWCNTs samples 

formed by the femtosecond radiation totaled up to 370 MPa, the modulus of elasticity made 

up to 4.2 GPa and the elastic restitution of the original form after the indentor puncture was 

up to 40 %. The mass of the initial water dispersion of BSA with CNTs totaled 0.938-0.986 g 

at the water density. The material at the solid phase state after the laser radiation had the mass 

of 0.147-0.153 g and the density of 1.24 – 1.28 g/cm
3
. For example, the density of the human 

pore bone is 500 MPa over the 1.930 g/cm
3
 density. 

Then the structure of the 3-D bioconstruction surface was studied using the atomic force 

microscopy before the in vitro studies. The research of the film samples nanostructured by the 

laser radiation on the silicon substrate was carried out. As seen on figure 5, the bright areas at 

the 3-D topograms represent the hills and the dark areas represent the cavities. The pore 

sections are observed with the sizes from 50 to 100 nm (the dark spots). The nature of the 

taken topograms is defined by the presence of the pores in the samples. The form and the 

amount of the pores depend on the technological parameters of the sample preparation (CNTs 

concentration, time of the processing and the capacity of the laser radiation). The amount of 

the pores and its size reduces as a rule when adding CNTs in the BSA matrix. It may be 

related to the reinforcing action of CNTs when the scaffold is building under the laser 

radiation. With the increase of the CNTs concentration the amount of pores also reduces. 

There are seen low (-11 nm) and high (6 nm) regions on the AFM topograms of the 

samples based on SWCNTs (figure 1a). Figure 5 has the 2D view of the samples at the top 

and the inverted 3-D view at the bottom. The level difference made 17 nm. The surface 

structure is seen enough homogenous with the periodically repeated cavities in the form of the 

pores. The level difference for MWCNTs made 15 nm but the observed surface structure was 

less homogenous (figure 1b). 

When the power concentration of the semiconductor lasers operating in various modes 

within different wave lengths was 10-20 W/cm
2
, Lmean was equal to 5-10 kV/m. These 

conditions may allow CNTs orientation and nanoscaffold formation inside the 3-D 

bioconstruction. 

.
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Fig. 1 AFM topograms (2D view of the above, inverted 3-D view of the below) of 

a film samples based on SWCNTs (a) and MW�NTs (b) formed by continuous 

laser radiation. 

CNTs-orienting electric irradiation field may increase at the end of the nanotube depending 

on the CNTs sizes and the mode of the set structuring. Near the CNTs end the optical field 

intensity (ma+b) times higher than Emean, where the aspect ratio is a = l/d, b ≈ 30, while l 

and d are the CNTs length and diameter, respectively. Coefficient m is ≈ 0.7 for isolated 

nanotubes and decreases when approaching the CNTs. In case of used nanotubes a ~ 1000 

(SWCNTs) and 50 (MWCNTs). 

In 3-D bioconstructions the CNTs and BSA bonding comes through the Glu and Asp 

amino acid residues. The acidic amino acid radical has the additional carboxyl group that can 

create the chemical bond. The calculated energy of CNTs and neutral molecule of BSA 

interacting makes 3.7 kJ/mol which corresponds with Van der Waals' energy for the protein 

aminoacid intermolecular interaction. The covalent bond energy between the carbon nanotube 

molecule and the oxygen of the BSA aminoacid residue (CNT-BSA) amounts 580 kJ/mol. 

The increasing amount of the oxygen atoms lead to the reduction of CNTs and BSA energy of 

interaction. The more oxygen atoms connect, the stronger the deformation. One can change 

the CNTs configuration by the oxygen to tube connection points changing and it can be used 

to produce the scaffold of the required tube form 

The inner structure of the samples, that were received using the femtosecond laser, has a 

large amount of cavities. It doesn't depend from the amount of nanotubes. The most 

homogenous structure of the sample for 3-D bioconstruction with MWCNTs was received 

under the influence of the continuous radiation. Meanwhile the average pore diameter for the 

SWCNTs samples was 20-30 nm and for MWCNTs totaled almost two times higher (35-40 

nm). The hardness of the linear sizes in the nanometer scale was measured. The specific 
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s$%&'() *& +,- ./*(*0s1$(1/*0s '22)'%)3 s*4) 1/4)s smaller than the starting material, i.e. 

SWCNTs and MWCNTs. Such structure of the samples provides hardness up to 370 MPa 

over the density of 1.24 – 1.28 g/cm
3
. 

This work was provided by the Ministry of Education and Science of the Russian 

Federation (Agreement 14.575.21.0044 RFMEFI57514X0044). 
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Adaptive stress control method used in remedial action complexes 

for human respiratory system 

N. Ivakhno, S. Fedorov

Tula State University, 92 Lenina pr., Tula, Russia, 300012

Depending on the type of exposure, condition of human respiratory system is 

characterized by relevant parameters acquired by the analysis of pressure curve with the use 

of methods discussed in articles [1, 2, 3]. 

During the analysis of the matrices of conditions the correspondences between each 

parameter depending and the stress/shift pressure are obtained as a result of diagnosis of the 

respiratory system [2, 3], and the intermediate points can be calculated using interpolation 

methods.  

In this case, it is necessary to find the exposure level that will provide the result, 

closest to the reference characteristic of the selected effectiveness parameter. Biotech 

complex of remedial action, including the respiratory system, is characterized by the 

evaluation of a number of particular indices of quality, differentiated by dimensions and 

values: 

− in case of relay action [1, 3] (with different shift pressure NPP ,...,1 ) it is the duration 

of inspiration/expiration phases - NTT ,...,1 , the slope angle of the approximating curve [1, 3] 

on the first observed interval − Ni ααα ..,,..,1 , approximating function coefficient [1.3] on 

the third observed interval Nkk ,...,1 , the rise time of the pressure curve to its 

maximum 
N
 tt ,...,1 , pressure curve characteristics in case of eupnoea− 0000 ,,, Ttk 
α ; 

− in case of choking action (with different resistance of the breathing circuit 

NRR ,...,1 ) it is [2, 3]  duration of inspiration/expiration phases - NTT ,...,1 , the slope angle 

of the approximating curve on the first and second observed intervals − Ni ααα ..,,..,1 , 

Ni βββ ,...,...1 , the rise time of the pressure curve to its maximum 
N
 tt ,...,1 , the pressure 

curve characteristics in case of eupnoea− 0000 ,,, Tt
βα , where N - number of stress levels, 

i - stress level. 

 In accordance with the principle of the uniqueness, the effectiveness index in whole 

as an optimality criterion should be expressed as an overall index, including particular indices 

[5]. To calculate practically optimal variant of the complex biotechnical system, the 
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eEEeFGHIeJeKK HJLeM ENJFGHOJP HE HGK QJQRTGHFQR eMUression is unknown,  can be replaced by a 

linear function, including all basic particular indices of quality with restrictions on each index 

[4, 5]. This requires a comparison of relative values, which are formed as correspondences for 

each index. If the overall effectiveness index of the optimal system should be minimal, the 

indices with values, that tend to decrease when the system is approaching to the reference one 

[5], can be selected as particular indices of quality. 

Having set each parameter of conditions matrix M [3] of the respiratory system as y, 

parameter number as k, the level of exposure as i, we obtain the expression for calculation of 

the relative value of the index at each stage of the stress (resistance/pressure):  

ik

ikik

py

pyyp −
where ikpy − the reference value of the parameter k when I is the stress level. 

This function is used to select practically optimal variant of stress/shift pressure. 

The optimal parameters of an individual are defined as average on the basis of 

processing of the results of the study of a large number of patients with different types of 

diseases, as well as of healthy patients and of those who need trainings (athletes). Thus, the 

reference values are different for different classes of systems. 

The root-mean-square deviation of the measured system parameters from the 

reference ones is used as a particular index of the objective function of automatic remedial 

action complexes. 

Calculation of this characteristic at no-stress (eupnoea) and the choking action will 

be described with the following objective function:
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The generalized function in this case is describe with the equation:  
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where i − stress level, 1,..,0 −= Ni ,  S – number of parameters, N – number of stress levels, 

M – matrix of the respiratory system.   

Then the algorithm of selection of stress/shift pressure will be based on the search for 

the minimum value of this generalized function (Fig. 1). Wherein the starting level can be set 

in two ways: during the analysis of the characteristics of each person, stress/shift pressure 

value, corresponding to the minimum value iQ , will be calculated, the second method 

provides a gradual transition from the initial stress to a level at which the minimum value iQ

is reached.  

Having established at the set level, the system operates in the search mode. Finding 

of the optimal stress can be based on the use of different gradient methods. 

To build a model, the target values were set, and the algorithm of stress search and 

adaptation to the changing parameters of the human respiratory system was considered, using 

the gradient method. 

The experimental results of the study of the algorithm of adaptation and finding of 

the value of the objective function are illustrated by the graphs, where step number is put on 

the x axis, and y-axis shows the stress and values of iQ .  
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ijk lmnkopqrtlu lu vtwx y zqn {qootk| l}r ztrjtu ~�3 minutes. iQ takes the maximum 

value of  0.345, and the minimum of 0.27. At first, the minimum value is fixed at 10
th

observation step at the stress of 0.35, with a gradual change in the state of the human 

respiratory system the stress has increased up to 0.55. Further increase of the stress leads to a 

considerable fall of the objective function iQ , so the stress is set at the value of 0.5-0.55. 

������ Experimental characteristics of the result of the adaptation algorithm, 

observation 1 (the stress in the form of resistance) 

The observation on Fig. 2 was carried out within 3.5 minutes. The minimum value is 

0.68 at the stress of 0.5. From 17
th

  to21
st
 step the system tries to increase the stress, causing 

an increase of value of the criterion iQ , and the stress returns to the acceptable level of 0.5-

0.55. 

������ Experimental characteristics of the result of the adaptation algorithm, 

observation 2 (stress in the form of resistance) 

In a real system, taking into account the restrictions imposed on the remedial action 

complexes, we can only discuss the minimization of the functional iQ . When choosing 

between two options of the stress in which the effectiveness criterion is the same, the greater 

stress is preferably chosen, which is caused by the need for training [4, 5]. 

To ensure the safety of the remedial action procedure, restrictions on the values of 

the some characteristics of iQ functionality are introduced. 
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��� �������� ��� ¡�¢�£ ¤ ¡ ¤������ ¢�� ¥��¢ �¢¡���¦shift pressure values allows the 

remedial action to adapt to the changing condition of the respiratory system. The restrictions 

on the parameter’s values of the objective function, characterizing the effectiveness of 

adaptation, provide the safety of the systems and the stability of the algorithm. 

The research was sponsored by RFBR and the Administration of Tula Region within 

the framework of a research project No. 15-48-03247 «r_tsentr_a".  
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The possibility of using micro focus computed tomography in 

biomedical engineering 

V. B. Bessonov, N. N. Potrahov, A. V. Obodovsky, A. Y. Gryaznov, K. K. Zhamova

Saint-Petersburg State Electrotechnical University «LETI», 5 Professora Popova st., Saint-Petersburg, Russia 

The first X-ray tomography was developed in 1969 this discovery opened a new era in 

medical diagnostics. Thanks to the invention by G. Hounsfield we have the possibility to look 

at internal structure of human body and to determine the relative location of different organs 

with high precision. 

The first tomographic experiments had considerable limitations in the resolution and the 

amount of time for building of the image of internal structure of the object; it is called 

reconstruction of the object. Now, high computer power and modern visualization systems 

allow to significantly reduce time spent and improved the quality of diagnostics. 

We can select two opposite trends of X-ray computed tomography for medical diagnostics. 

The first trend is the using of relatively narrow X-ray beam that record by detector arrays. 

Wherein, X-ray source and detector arrays rotate synchronously around the patient who 

moves along the rotation axis. Movement trajectory of X-ray system looks like the spiral 

shape in relation to the patient. Such process of the projection data acquisition and 

corresponding algorithms of reconstruction are called the spiral tomography. Similar type of 

equipment is developed by way of increasing the number of detecting lines. Now, X-ray 

tomograph has 128 slices of detecting lines. These scanners are used extensively in diagnostic 

practice. 

The second trend is the using of cone-beam x-ray that is recorded by XY receivers, for 

example the flat panel detectors. This design of tomograph allows to produce the projection 

data in the incomplete turn (180 degrees). It allows to reconstruct of the investigated area with 

high precision very easily. The method described have the wide application in dentistry for 

diagnostic of dental systems and X-ray studies of animals. 

The using of micro focus X-ray tubes and schemes with direct geometric magnification 

images of objects [1] allowed identifying a new class of equipment for medical diagnostics – 

micro-focus X-ray computed tomographs. Such tomographs give the possibility to study the 

visualization of structures in size from micrometers units. It is possible due to features of the 

projection increase. The natural limitation in this case is the value of focal length that limits 

the maximum magnification of the object. X-ray tubes are used with remote anode for 

minimization of the value of focal length [2]. 
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·¸¹ ¹º»¼½¾¿ÀÁ½Â ½Áº Ã¼¿¹Á¾¿Ä¿¼ Â½ÅÀÆ½¾ÀÆÇ ÀÄ ÈÉÆ½Ç systems was organized by Saint-

Petersburg State Electrotechnical University for testing structures and methods of using this 

tomograph. One of the first Russian models of micro focus X-ray computed tomograph was 

developed by the team of laboratory (Fig. 1). 

The main feature of this design is the using of a sealed X-ray tube (Fig. 2). The combined 

electrostatic and magnetic focusing system is used for decrease of the electron beam cross-

section (tube focal spot). 

The multicam receiver is applied for receiving of x-ray image. This receiver was built 

according to the sheme of “luminophore-optic-CCD” and it has the pixel size of 200 

micrometres. 

Accuracy of positioning and moving elements of the system is achieved by the using step 

motors. Motor control scheme allows to divide the step. 

Ê B 

Fig. 1. Micro focus X-ray computed tomograph (MFCT-01): 

a – computer model; b – appearance. 

Fig. 2. Sealed micro-focus X-ray tube with remote anode 

The main specifications of developed tomograph is shown in Table 1. 
Table 1. Main specifications. 

�  Specification  Value 

1 Anode voltage  from 20 to 130 kV 

2 Anode current  from 10 to 150 uA 

3 Size of the focal spot  less 5 um 

4 Number of projections  from 100 to 4000 

5 Ratio zoom  from 1,5 to 200 

6 Maximum resolution in the 

reconstruction 

 2 um 
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ÛÜ ÝÞ ßàÝáâãß äå æçß âäÜÜèéãß ÝââãèêÝæèäÞ äå æçèÜ æomograph is shown in figure 3. This is 

sections of tooth in the several projections for assess the depth of the defects [3]. Sections of 

the object observed allow to diagnose the defects of cleaning root canal. Contrast in this 

research is much higher than with conventional radiographic research (Fig. 3). 

a b c 

Fig. 3. Cross sections of research object in the different planes 

ëèìí îí ïðäÜÜ ÜßêæèäÞÜ äå ðßÜßÝðêç äéñßêæ Ýæ òèååßðent depths 

Results confirm the perspectives of using micro focus X-ray computed tomography in the 

medical diagnostics. Research of bioengineering objects with the technology of 3-dimensional 

print successfully solves the task of developing new methods of treatment, prosthetics, as well 

as the construction of the maintenance of vital functions of the human body systems. 
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National Research University of Electronic Technology, ������Zelenograd, Moscow, 124498  Russian 

Federation 

In most magnetic field sensors (MFSs), the high resolution, i.e., the low threshold 

magnetic-field sensitivity          0�δ F 1 nT, is attained by using magnetic field concentrators 

(MFCs) based on superconducting films. They reduce the 0�δ  value in MFSs containing 

different magnetoresistive elements (MREs), including Josephson junctions and Hall and 

spintronic sensors [1]. 

Nanostructuring of the MFC active strip, i.e., its fragmenting into alternating 

superconducting branches and cuts of nanosized width and thickness, yields an additional 

gain in the magnetic-field concentration coefficient. This additionally reduces the threshold 

magnetic sensitivity 0Bδ  and thereby improves the MFS resolution (efficiency). In [2], the 

magnetic-field concentration coefficient for a planar MFS was calculated; however, the 

inductances of MFC receiving rings and possible variation in the MRE size were not taken 

into account. 

The aim of this work is to calculate the magnetic-field concentration coefficient of a planar 

sensor with different active strip geometric sizes with regard to the receiving hub ring 

inductance. 

Figure 1 shows a schematic of the MFS (MFC and MRE): (a) MFC in the form of 

superconducting rings separated by an MRE and (b) enlarged active strips of the 

superconducting rings and MRE. In addition, the system of coordinates and notation of the 

MFC and MFS sizes are indicated. 

F��� � �� !"#$%� o& $ ! '(�) *#+ *1) superconducting ring, (2) dielectric substrate, and 

*3) active strip. (b) Enlarged active strip and MRE (drawing not to scale), (4) MRE, and 

*5) g#, -!$.!!/ '01 #/2 #�$%3! 4$5%,4)
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GHI JKL MNOPQI UOVPW XPYOH sw PU UZM[[IV OHM\ OHI XPYOH ]^ OHI VIUO JKL UINOP]\U by an 

]VYIV ]^ ZM_\PO`YI ]V Z]VIa GHPU [IMYU O] M Z`[OPW[e increase in the screening current density 

P\ OHI MNOPQI UOVPW M\Yi N]\UIb`I\O[ci O] M\ P\NVIMse in the external magnetic field 

N]\NI\OVMOP]\ \IMV OHI JKL MNOPQI UOVPW M\Y ]\ OHI MRE [2].

d\ IeOIV\M[ ZM_\IOPN ^PI[Y fB , the ZM_\IOPN ^[`e OHMO UNVII\U VP\_ 1 (Fig. 1) is fBA ⋅=φ i

XHIVI hj2DA π= PU OHI VP\_ MVIMi krD 2=  is OHI VP\_ YPMZIOIVi M\Y kr PU OHI VP\_ VMYP`Ua GHI

UNVII\P\_ N`VVI\O PU l( MLI S += φ i XHIVI m PU OHI VP\_ P\Y`NOM\NI M\Y n PU OHI U`Z ]^

Z`O`M[ P\Y`NOM\NIU pIOXII\ OHI JKL M\Y Jqr WMVOUa ts is known, the m value exceeds the 

O]OM[ Z`O`M[ P\Y`NOP]\n by an order of magnitude or more. In this case, we can express uI  as 
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XHIVI kw  is OHI VP\_ XPYOH M\Y fµ = 4 ⋅π 10
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 H/m PU OHI ZM_\IOPN ^PI[Y N]\UOM\Oa GHI JKL

ring inductance L  is much larger than the active strip inductance SL . 

d\ OHI NM[N`[MOP]\Ui XI `UIY OHI ^]VZ`[M ^]V OHI ZM_\IOPN ^PI[Y P\Y`NIY pc M VIctangular 

strip with the uniformly distributed current SI  [4] 
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XHIVI vwS 2=  is OHI MNOPQI UOVPWI XPYOHi x  is the HM[^yOHPNz\IUUi {S JhI ≤λ4 i {J PU OHI NVPOPNM[

N`VVI\O YI\UPOc ]^ OHI LJK U`WIVN]\Y`NOP\_ ^P[Zi |  is London depth of penetration of the 

ZM_\IOPN ^PI[Y P\ M U`WIVN]\Y`NO]Vi fF  is the magnetic-field concentration coefficient, 0B  is 

OHI IeOIV\M[ ZM_\IOPN ^PI[Yi M\Y } B > is the ZM_\IOPN ^PI[Y P\Y`NIY pc OHI N`VVI\O P\ OHI MNOPQe 

UOVPW MQIVM_IY ]QIV OHI Jqr XPYOHa
~]OI OHMO OHI MNOPQI UOVPW M\Y N`O [I\_OH PU [MV_IV than the MRE geometric sizes in several 

times; therefore, expression (3) reflects only the x and y projection and ignores the z 

projection.

�I P\QIUOP_MOIY OHI YIWI\YI\NI ]^ 0F  on the MCE width. GHI NM[N`[MOIY YMOM MVI _PQI\ P\

GMp[I �a �I N]\UPYIVIY OHI OHVII fw QM[`IU� �a�i �i M\Y � �Za GHI WMVMZIOIVU `UIY XIVI � = 

�� M\Y ��� \Zi {J =10
10

 A/m
2
i x � �� \Zi M\Y OHI YPUOM\NI pIOXII\ OHI JKL M\Y Jqr �w �

�� \Za tO ��DrL = � � ZZ �VP\_ VMYP`U� M\Y kw � �a� ZZ �VP\_ OHPNz\IUU�i OHI ZP\PZ`Z �

QM[`I `UIY P\ ��� PU M[Z]UO MOOMP\IYa

����� � The �F QM[`IU MO YP^^IVI\O Sw  and 0w

Sw (�

��

0F �

fw F��:����� fw F��:����� fw F��:�����

�:�� ����� 6/�� ��6�
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¨© ª«¬ ­® ¯®®¬ °±²³ ´«­µ® ¶ ©·«© ¸¹©· « º®ª±®«¯® ¹¬ the MRE and active strip widths the »F

¼«µ½® ¾±²¸¯ ¿À²¯¹©¹¼® ®°°®ª©ÁÂ Ã²± ®Ä«³Àµ®Å «© Æw = 32 Ç³ °²± »F  we have the following 

«ÀÀ±²Ä¹³«©® ¼«µ½®¯È 0w =1.0 – 61, 0w = 5.0 – 41 and at Sw =0,5 Ç³Å 0w = 1.0 – 792 and 0w = 

5.0 – 267. 

Figure 2 shows the dependences of the ratios D / Sw  and D /( Sw + 0w ) on 0F . It can be 

assumed that in first approximation these dependences behave linearly and that 0F ~ D / Sw  and 

0F ~ D /( Sw + 0w ) at Sw >> 0w >> aw . Therefore, to enhance the 0F  value, we should increase D

and decrease Sw . Simultaneously, it is necessary to reduce the gap between nearest edges of 

the MRE and active strip. In commercial SQUIDs used in various magnetic systems [1, 5] and 

combined magnetic sensors, parameter D  lies in the range of 6−10 mm [1, 6] and its 

enhancement is ineffective. A decrease in the parameter Sw  is apparently limited by the MRE 

size and technological capabilities at sizes of F 0.1 µm. 

Ã¹¾Â ÉÂ Ê®À®¬º®¬ª® ²° D/ Sw  ( Á «¬º D/( Sw + 0w ) ( Á ²¬ 0F

´·® «­²¼® ª«µª½µ«©¹²¬¯ «¬º º¹¯ª½¯¯¹²¬ «±® ¼«µ¹º ¹¬ the case when the screening current 

¹¬º½ª®º ¹¬ ©·® ª²¬ª®¬©±«©²± ±¹¬¾ ¹¯ ½¬¹°²±³µË º¹¯©±ibuted over the active strip cross section. 

Ì²¸®¼®±Å «ªª²±º¹¬¾ ©² Ã¹¾Â ¶­Å ©·® ªµ²¯®± ©·® ª½±±®nt flows to the active strip boundaries, the 

¯©±²¬¾®± ÍÎÏ ³«¾¬®©¹ª °¹®µº ¹¯ ¹¬º½ª®ºÐ ©·®±®°²±®Å the higher »F ¼«µ½® ª«¬ ­® «©©«¹¬®ºÂ

¨¬º®®ºÅ ¹¬ « ¯½À®±ª²¬º½ª©²±Å ©·® ª½±±®¬© ÆI ¹¯ À½¯·®º ©² ©·® ­²½¬º«±¹®¯ ¿®º¾®¯ ²± ¯½±°«ª®¯ÁÅ

¹Â®ÂÅ ©·® ª½±±®¬© º®¬¯¹©Ë ¹¬ ©·®¯® «±®«¯ ¹¯ ³«Ä¹³½³, while in the middle of the material it is 

³¹¬¹³½³Â Ã²± ®Ä«³Àµ®Å ©«Ñ¹¬¾ ¹¬©² «ªª²½¬© ©·® Í®¹¯¯ner effect, near the active strip 

­²½¬º«±Ë µ²ª«©®º «© ©·® ÍÎÏ ®º¾®Å ¸® ·«¼®

ÒÓÒ(exp()2/(~ λλ xlhIJ SS −−⋅ (�� � � � 2�4�

�

where λ  is the London depth of magnetic field penetration in the superconductor [7]. Then, 

we can evaluate the maximum 0F value, i.e., 
m

F0 , under the hypothetical assumption that the 

current SI /2 flows near the active strip boundary in the area of width λ  and thickness h2 . In 

this case, at h = 20 nm and 0w =0.2 Om, according to (1)−(5), we obtain 
m

F0 ~ 1766 for the 

low-temperature superconducting film (LTSC, niobium heteroepitaxial layers, λ =50 nm) and 

ÔF0 ~ 954 for the high-temperature superconducting film (HTSC, ÕÖ×Ø ª®±«³¹ª ¯Ë¯©®³Å λ = 

250 nm). 
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éê ëìíîïð ñò óíêòð êìôê õó öòôï ëî÷òöøíóðîøêõóù úõïms, the SI  distribution can be less 

uniform or different from the case of the Meissner effect. In addition, the depth of magnetic 

field penetration in the film h/2λλ =⊥ can be much more than λ , which should be taken into 

account when estimating 
m

F0 . Owing to these factors and the possibility of nanostructuring of 

the magnetic field concentrator [3], the 0F  value can be enhanced and brought closer to the 

potential 
m

F0 value. This approach is suitable for wide active strips (e.g., Sw C 4 µm, as in our 

case). 

The threshold sensitivity of the sensor depends on the concentration coefficient as 

0Bδ ~1/ 0F  [3]; therefore, the high 0F  value undoubtedly affects the MFS efficiency. Hence, 

the MFCs based on LTSC films can be considered more effective than the MFCs based on 

HTSC films. 

ûüý þÿT� �� ý�ý���ý� �� 	�T���
 ��������
 ��		ÿT� ÿf the project of the Ministry of education 

��� ���ý��ý ÿ� �üý a������ 
ý�ýT���ÿ� ���Týý�ý�� ��.575.21.0089, RFMEFI57514X0089).
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Raman and infrared spectroscopy study of the biocompatible 

nanocomposite based on bovine serum albumin and carbon 

nanotubes 
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Nowadays biocompatible nanocomposites based on bovine serum albumin (BSA) and 

carbon nanotubes (CNTs) are under study. Albumin is a simple water-soluble protein that is 

able to connect with many molecular compounds quite easily. Since the total surface area of 

many smaller molecules of the serum albumin is very high, the molecules of albumin easily 

fulfill the transport function. CNTs in such nanocomposites are capable to form the frame 

under the influence of laser radiation [1]. These biocompatible composites can be used to 

create laser solders for tissue welding [2] and artificial knee ligaments [3]. 

The received biocompatible nanocomposite samples have next CNT and BSA mass 

proportions: 1:25000, 1:2500, 1:1250, 1:500, 1:250, 3:500 and 1:125 and next CNT - mass 
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cNOcQORUVRWNOXY Z\ZZ]^\ Z\Z]^\ Z\Z_^\ Z\Z`^\ Z\]^\ 0,15% � 0,2%. SWCNT-90A have 

been used as CNTs (Ltd. "Carbon Chg", Russia). Water-albumin CNT solution was created as 

a result of BWA powder (25% of water mass) addition in water CNT solution. Next the 

solution was mixed by magnet shaker and ultrasound bath. Also the water-albumin dispersion 

without the CNT content was obtained. Next, 3 different samples were obtained for each 

dispersion: the thin film on a silicon substrate (for Raman spectroscopy study), obtained by 

laser irradiation of biocompatible nanocomposite at 810 nm, the sample in the form of a 

powder obtained by grinding of 810 nm laser dehydrated biocompatible nanocomposite (for 

infrared (IR) spectroscopy study), and the sample in the form of a compressed biocompatible 

nanocomposite (for Raman spectroscopy study). Biocompatible nanocomposite samples for 

Raman spectroscopy study are shown on Fig. 1. 

b

d

Fig. 1 Biocompatible nanocomposite samples for Raman spectroscopy study: in 

the form of a thin film (a) and in the form of a compressed biocompatible 

nanocomposite (b)

Raman spectroscopy is a type of vibrational spectroscopy and is very often used in the 

studies of carbon nanotubes and other allotropic modifications of carbon because of its 

extensive features. This method shows such parameters of CNTs as diameter and 

defectiveness. [4]. Also, as CNTs have a high intensity of Raman scattering, the concentration 

of CNTs can be measured in the case of the thin film sample by the intensity of G-band. 
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Fig. 2 Raman spectra of CNT (a) and biocompatible nanocomposite with next CNT and BSA 

mass proportions: 1:500 (b), 1:250 (c) and 1:125 (d) 

In this work, the Raman spectrometer LabRAM HR Evolution (Horiba, France) was 

used. As an excite source the 514nm argon laser (Melles Griot, USA) was used. Raman 

spectra were obtained for two types of samples: in the form of a thin film (Fig.3a) and in the 

form of a compressed biocompatible nanocomposite (Fig.2b,c,d). A range of CNTs alone, 

used in the manufacture nanocomposite (Fig.2a) was also obtained. 

All spectra of biocompatible nanocomposite samples have the following bands that are 

characteristic for CNTs: radial breathing mode (RBM), D-band and G-band. Frequencies of 

radial breathing mode are connected with the diameter of the nanotubes by the following 

formula: �RBM = 234/d + 10. The ratio of the intensities of D-band/ G-band characterizes the 

defectiveness of CNTs. Frequencies �RBM remain unchanged for biocompatible 

nanocomposite samples regardless of the 165 cm-1 concentration, which corresponds to a 

CNT diameter of 1.5 nm. Also the ratio of the intensities of D-band/ G-band remains constant 

(~1/10). This indicates that CNTs do not undergo structural changes during the preparation of 

biocompatible nanocomposite under the influence of factors such as laser light and powerful 

ultrasonic mechanical effect. 

1500 1550 1600 1650 1700

0

5000

10000

15000

20000

25000

In
te

n
s
it
y
, 

a
rb

. 
u

n
it
s

Raman shift, cm
-1

|}||| |}||~ |}||� |}||� |}||�

0

5000

10000

15000

20000

25000

In
te

n
s
it
y
 o

f 
G

 p
e
a
k

CNT and BSA mass proportions

   a   b    c 

Fig. 3 Raman spectra of range 1500-1700 cm-1 of thin films of biocompatible 

nanocomposite with next CNT and BSA mass proportions (from bottom to top): 

1:25000, 1:2500, 1:1250, 1:500, 1:250, 3:500 and 1:125 (a), table (b) and graph 

(c) dependence of the intensity of G-band and CNT and BSA mass proportions

The analysis of the Raman spectra of thin films of biocompatible nanocomposite on 

silicon substrates and the concentration of the CNTs in these films showed a linear 

dependence of the intensity of G-band from the mass concentration of CNTs. This method 

works in the case of the same conditions of collecting the spectral data. 
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�������� ���� ������ �� �¡ ¢� � ���£�¢¤¥� ¦����  � the vibrations of atoms of a 

molecule. An IR spectrum is commonly obtained by passing IR radiation through the sample 

and determining what fraction of the incident radiation is absorbed at a particular energy. The 

energy at which any peak in an absorption spectrum appears corresponds to the frequency of a 

vibration of a part of a sample molecule. Fourier transform infrared (FTIR) spectroscopy has 

dramatically improved the quality of IR spectra and minimized the time required to obtain 

data [5]. This method allows to find the structure of molecules of various substances with 

relatively short molecules: antibiotics, enzymes, alkaloids, polymers, complex connections, 

etc using absorption spectra. The number and position of peaks in the IR absorption spectra 

can show the nature of the substance (qualitative analysis) and the intensity of absorption 

bands — the number of substances (quantitative analysis). FTIR spectroscopy can be used to 

detect the presence of carbon nanotubes (CNTs) in the biocompatible nanocomposite samples, 

as well as to establish interaction between the carbon nanotubes and bovine serum albumin.  

Biocompatible nanocomposite powders with different CNT and BSA mass proportions 

were grounded with highly purified KBr crystal in an agate mortar and the mixtures were 

pressed to form a pellet. The FTIR spectra were measured by a FTIR spectrometer Nicolet 

iS50 (Thermo Scientific, USA) in 400-4000 cm-1 frequency range (Fig.4).
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Fig. 4 FTIR spectra of bovine serum albumin (a) and biocompatible 

nanocomposite sample with 1:250 CNT and BSA mass proportions (b)

In the spectra of bovine serum albumin and biocompatible nanocomposite samples there 

are absorption bands typical for proteins, which are associated with the following vibrations: 

the peak near 1650 cm-1 is the Amide I band. It results from the C=O stretching vibrations of 

the peptide bond. Similarly, the peaks near 1540 cm-1 (N-H bending vibration/C-N stretching 

vibration) and 1240 cm-1 (C-N stretching vibration/N-H bending vibration) are the Amide II 

band, and Amide III band, respectively. The peak near 3300 cm-1 is thought to be N-H 

bending vibration and the peak near 1400 cm-1 to result from protein side-chain COO-.  

As the absorption peak position and shape of the amide I band differ according to the 

secondary structure, peak analysis can yield information on the secondary structure. Also, 

depending on the concentration of CNTs in the biocompatible nanocomposite there is a 

change in the shape and intensity of the main peaks, which indicates the influence of CNTs on 

bovine serum albumin. 

In this work, the samples of biocompatible nanocomposite with different concentrations 

were produced and were studied using the methods of Raman and infrared spectroscopy. It 

was established using Raman specroscopy that CNTs do not undergo structural changes 

during the preparation of biocompatible nanocomposite under the influence of factors such as 

laser light and powerful ultrasonic mechanical effect. There was also a linear dependence of 
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·¸¹ º»·¹»¼º·½ ¾¿ ÀÁÂÃ»Ä ¿Å¾Æ ·¸¹ ÆÃ¼¼ Ç¾»Ç¹»·ÅÃ·º¾» of CNTs in the biocompatible 

nanocomposite. Also, depending on the concentration of CNTs in the biocompatible 

nanocomposite the shape and intensity of the main peaks are changing, which indicates the 

influence of CNTs on bovine serum albumin. Studies conducted in this work indicate the 

applicability of Raman and infrared spectroscopy to study biocompatible nanocomposite 

protein-based and carbon nanomaterials. 
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Using of hydrogels in 3D-bioprinting 

S.A. Peleshok, M.V. Titova, M.I. Eliseeva, V.S. Sheveleva, A.F. Mullashev,  

A.K. Astanina 
Military Medical Academy named after S.M. Kirov, 194044, Academician Lebedev street, 6, Saint-Petersburg, 

Russia 

3D-bioprinting is a complex multifunctional process, depending on the interaction of a

number of factors, determining of which is the right choice of matrix or substrate for printing-

hydrogel [1].  

The analysis of literature for the period from 2012 to 2016 was conducted with the aim to 

determine the choice of hydrogels among the variety of biocompatible natural or synthetic 

hydrogels with the most relevant physical and chemical properties for cells and tissues.  

The elaboration of functional biocompatible materials assumes the deep understanding 

of biology of cells and tissues formed by cells; the knowledge of functions of extracellular 

matrix, which keeps up the cells and tissues, the essential factors of growth and 

differentiation. Uniform seeding density of the cells is crucial for the perfect bioink [2]. 

General morphological characteristics of the tissue structure depend on this homogeneity. 

ÈÉ ÊËÌÍÎÌ ÏÐÑ ÒÓÔËÉÕÌÖ× ØÍËÙÉÚ× ÛÍÎÚËÍÖ ÜÝÙÞËÙÛß ÒÓaluronic acid, collagen and gelatin, 

ÍÖÕÙÛÍÎÌß ÍÕÍËÉ×Ìß ÊÒÙÎÉ×ÍÛß ÔÌàÎËÍÛá ÍÛÔ ×ÓÛÎÒÌÎÙÊ (polyoxiethylene glycol, polyacrilic acid, 

âÉÖÓØÙÛÓÖ ÍÖÊÉÒÉÖß âÉÖÓâÌâÎÙÔÌ×ß âÉÖÓÉàÙÌÎÒÓÖÌÛÌãÌÎhacrylate, polyphosphazene) polymers 

ÍËÌ Ú×ÌÔ äÏåæ ÈÒÌ ÝÚÛÊÎÙÉÛ× ÉÝ ÒÓÔËÉÕÌÖ× ÙÛÊÖÚÔÌ ÉËganization, maintaining the growth, 

âËÉÖÙÝÌËÍÎÙÉÛ ÍÛÔ ÔÙÝÝÌËÌÛÎÙÍÎÙÉÛ ÉÝ ÊÌÖÖ× ÙÛ formation of certain types of tissues and depend on 

ÊÉãâÉ×ÙÎÙÉÛ ÍÛÔ ×ÎËÚÊÎÚËÌ ÉÝ ÏÐÑ ÊÉÛ×ÎËÚÊÎÌË× ÊËÌÍÎed on their basis. If it is necessary, 

ÒÓÔËÉÕÌÖ× ÍËÌ ×ÚÞçÌÊÎÌÔ ÎÉ ÊÒÌãÙÊÍÖ ãÉÔÙÝÙÊÍÎÙÉÛ ÎÉ obtain the required pore size, adhesive 

âËÉâÌËÎÙÌ×ß âÉËÉ×ÙÎÓß ÍÛÔ ÍÞÙÖÙÎÓ ÎÉ Í ÕËÍÔÚÍÖ ÔÌÕËadation by extracellular enzymes and 

ãÌÎÍÞÉÖÙÎÌ× èÙÎÒÙÛ Í âËÌÔÌÎÌËãÙÛÌÔ ÎÙãÌ äéåæ

êÛ ÎÒÌ ×ÌÖÌÊÎÙÉÛ ÍÛÔ ÊËÌÍÎÙÉÛ ÉÝ ÛÌè ÞÙÉãÍÎÌËÙÍÖ× Ýor 3D-bioprinting, as well as tissue 

ÌÛÕÙÛÌÌËÙÛÕß ÙÛÊËÌÍ×ÌÔ ÍÎÎÌÛÎÙÉÛ Ù× âÍÙÔ ÎÉ ÎÒÌ ×ÎÚdy and control of biological characteristics of 

ÞÙÉãÍÎÌËÙÍÖ× ×ÚÊÒ Í×
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ûüûýþüÿn�nþ� �û� ûüûýþüÿn��ûn�nþ�� �nü�ü�	�þn�n
nþ� (non-immunogenicity), ability to 

neovascularization and neoinnervation, ability to perform the function of a frame and nutrient 

for cell components (hydrogels may contain the growth factors to maintain cells proliferation 

in 3D-format) to stimulate the proliferation[5]. It is important to take into account the 

physicochemical characteristics: material must have adequate fluidity, but retain adequate 

viscosity to keep up the selected shape, have strength, possess adhesive properties to cell 

cultures, contain certain amount and length of cross-links, which impart volume to hydrogels, 

possess the necessary porosity[6,7]. 

One of the main tasks in the field of hydrogels creation for 3D-bioprinting is the 

choice of materials, which should be compatible with biological materials and the printing 

process, providing required mechanical and functional properties of tissue constructions [8-

10]. 

The analysis of literature allowed to get information about physical and chemical 

properties, methods of synthesis of hydrogels, the mechanisms of their formation and their 

structure. The literature about the hydrogels using in 3D-bioprinting is represented. 
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phthalocyanine dimer of Zn and it conjugate with single-walled 
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The development of lasers, accompanied by an increase in laser intensity, enhances the 

interest in the study of optical limiters. Since the effect of radiation with a sufficiently high 

intensity can damage the photosensitive optical device and organs of vision. Spectral filters 

cannot be used to protect, if the wavelength of hazardos laser radiation coincides with the 

operating wavelength. In addition, short duration of laser pulses makes it practically 

impossible to apply controlled shutter, including automatic LCD shutter. Creation of effective 

means of protection from laser radiation of high power requires the development of optical 

materials (working substance), with their transparence being decreased sharply above a 
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c������ c����c� !� "� #$ �%�  �&�� �����&��' ( �)�ting threshold) due to the appearance of non-

linear optical properties. 

Among the large number of nonlinear optical absorbers that have been studied, 

phthalocyanines and their derivatives could have promising application due to their high 

nonlinearities and ultrafast response times [1-3]. Chemical modification of phthalocyanines 

results in altering their nonlinear optical response, and thereby influences the optical limiting. 

The advantage of phthalocyanine is the possibility to functionalize carbon nanotube [4], 

which allows you to vary the parameters of nonlinear optical limiters, and improve their 

efficiency. 

In our study dimeric phthalocyanine complex of Zn of J-type (ZnPc) [5] in tetrahydrofuran 

(THF) and conjugates of Zn with single-walled carbon nanotubes (SWCNTs) [6] in water 

were used. Linear transmittance of the prepared samples was 70%. Aqueous dispersions of 

conjugate were prepared while using an ultrasonic homogenizer. 

In the experimental study of the threshold effect under nonlinear limitation we used the 

focusing of the input laser radiation, that allows to obtain the input intensity required for 

significant demonstration of nonlinear effects. A detailed description of the experimental 

setup is given in [7]. In this study, an experimental setup was improved by the introduction of 

an additional lens, which allows to form a Kepler telescope and conduct studies for the 

construction of the optical limiter as a whole, not only to control the transmitted laser 

radiation. The obtained results of measurements were processed on the basis of radiation-

transfer equation, in which the specific mechanisms of laser interaction with the nonlinear 

medium were not taken into account [8]. It is assumed that interaction of laser radiation is 

limited to its absorption by the nonlinear medium. Attenuation of the radiation due to, e.g., 

scattering, is a substantially more complex problem that does not currently have satisfactory 

solution. 

The solution of the radiation transfer equation for intensity (power density) of laser 

radiation I(G, T, z, t, d) after passing through a limiter (output intensity) of thickness d can be 

written in implicitly form: 

( )( )
( )

( )

ddIII

dtzI

tzI

−=µ�
ϕρ

ϕρ

−
,,,,

,,,

1

0

.                                                                 (1) 

where I0(G, T, z, t) – intensity of an initial laser pulse, O(I) – dependence between nonlinear 

absorption coefficient and power density, z – sample displacement relative to the lens focus. 

It is known that interaction of laser radiation with conjugates of phthalocyanines with 

SWCNTs have threshold type [9] i.e. they start to operate at intensity values above certain 

threshold value Ic. That’s why it is reasonable to use the model in which absorption 

coefficient O(I) has threshold type. This model allows to obtain optical properties the working 

substances with a threshold effect, what is very important for the development of effective 

optical limiters. For the threshold model, the dependence between nonlinear absorption 

coefficient and intensity is described by the expression: 

( ) ( ) ( )cc IIIII −η−β+α=µ ,                                                              (2) 

where U(•) is the Heaviside step function. Working substance of the optical limiter for the 

threshold model is characterized by three parameters: the coefficient of linear absorption "

[m
-1

], the coefficient of nonlinear absorption # [m·W
–1

] and the limiting threshold Ic [W·m
–2

]. 

The optical characteristics of the limiters determine by use of z-scan technique, which 

measures the value of the normalized transmittance passing through the limiter at the 

displacement z of the sample relative to the focus of the lens. Experimentally normalized 

transmittance T(z, d) can be found according to the results of z-scan: 
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: ;
( ) ( )d
U

dzU
dzT α= exp

,
,

0

.                                              (3) 

where z  is the displacement of the sample, ( )dzU ,  is output pulse energy, 0U  is input pulse 

energy, α  is linear absorption coefficient, d  is the thickness of the layer. 

The solution of equation (1) by substituting the expression (2) made it possible to find an 

analytical representation for the function ( )dtzI ,,,,ϕρ , and the theoretical value of the total 

energy transmitted pulse ( )dzU ,  through the limiter was calculated using the formula: 

( ) ( )� � �
+∞

∞−

π∞

ϕρρϕρ=

2

0 0

,,,,, dtdddtzIdzU .                                              (4) 

Substituting equation (4) into formula (3) allowed to obtain function ( )dzT ,  for fitting the 

experimental values of normalized transmittance and  obtaining unknown parameters β  and 

cI . 

We calculated values of the nonlinear absorption coefficient # and the limiting threshold Ic

and radius beam waist w0 from the z-scan data. These results are summarized in the table 1. 

Experiments with the fixed location of the optical limiter was used for obtaining the 

dependence output (peak) fluence vs input (peak) fluence. This output characteristic describes 

the basic properties of optical limiters on the sample for optical materials based on ZnPc in 

THF and conjugate ZnPc with SWCNTs in water are shown in figure 1. 

Table 1. The calculations of the working substance parameters of the limiter using z-scan 

data 

Working 

substance 
λ, nm 

U0, 

mJ 
α, cm

-

1
d, 

cm 

w0, 

�m 
β, 

cm·GW
-1

Ic,

MW/cm
2

ZnPc in THF 

532 

1.6 1.5 0.2 64 330 1.6 

Conjugate ZnPc 

with SWCNTs in 

water 

1.6 1.5 0.2 55 340 2.6 

ZnPc in THF 

1064 

1.6 0.5 0.2 120 0 – 

Conjugate ZnPc 

with SWCNTs in 

water 

1.6 1.5 0.2 120 388 10.2 

                                                   (a)                                                                             (b) 

F<=>?@ AB CDE@?<G@HIJK L@E@HL@HM@ N>IE>I OE@JPQ RK>ence vs input (peak) fluence (@) and 

approximation by threshold model for conjugate ZnPc with SWCNTs in water: 

wavelengths 532 nm (a) and 1064 nm (b) 
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efghgijk lmfjimgok pgkjo qmrfrqljfstsuv ospsljfi gw intensity laser radiation takes into 

account the threshold nature of nonlinear interaction of irradiation with the nonlinear optical 

material. The threshold model allow obtaining the dependence of absorption coefficient 

against the radiation intensity of substance in accordance with z-scan data and to do 

approximation of output characteristics (dependence output (peak) fluence vs input (peak) 

fluence). 

Samples ZnPc in THF do not exhibit the nonlinear effects on the wavelength of 1064 nm, 

since neither an organic solvent nor the dye do absorb laser light at this wavelength. Thus, this 

working substance can be used as a working substance of the optical limiter at the wavelength 

532 nm as at 1064 nm nonlinear effects were not found. To create a limiter of laser radiation 

in a wide spectral range, conjugate ZnPc with SWCNTs was used. It was found that when it is 

used as a working substance of the limiter we can achieve high nonlinear absorption 

coefficient values at a wavelength of laser radiation 532 nm and 1064 nm. However, it is 

worth noting that functionalization of phthalocyanine by nanotubes improves the 

characteristics to limit the laser radiation at a wavelength of 532 nm, which follows from the 

minimum values of the normalized transmittance of 0.1 and 0.3 for wavelengths of 532 nm 

and 1,064 nm, respectively. 

The Studies indicate the possibility to apply the dispersed materials based on carbon 

nanotubes in comprising optical limiters of high power laser radiation. This work was 

provided by the Ministry of Education and Science of the Russian Federation (Agreement 

14.575.21.0089, RFMEFI57514X0089) 

References 
[1] Chen J, Zhang T, Wang S, Hu R, Li S, Ma J. S., Yang G, "Intramolecular aggregation and optical limiting 

properties of triazine-linked mono-, bis- and tris-phthalocyanines," Spectrochim Acta A Mol Biomol Spectrosc. 

149, 426 (2015). 

[2]Nyokong, T., Fashina, A., "Nonlinear optical response of tetra and mono substituted zinc phthalocyanine 

complexes," Journal of Luminescence 167, 71 (2015). 

[3]Tuhl, A., Manaa, H., Makhseed, S., Al-Awadi, N., Mathew, J., Ibrahim, H. M., Nyokong, T., Behbehani, H., 

"Reverse saturation absorption spectra and optical limiting properties of chlorinated tetrasubstituted 

phthalocyanines containing different metals," Optical Materials 34, 1869 (2012). 

[4] He, N., Chen, Y., Bai, J., Wang, J., Blau, W. J., Zhu, J., "Preparation and Optical Limiting Properties of 

Multiwalled Carbon Nanotubes with  -Conjugated Metal-Free Phthalocyanine Moieties," J. Phys. Chem. C 113, 

13029 (2009). 

[5]Tolbin, A. Yu., Pushkarev, V. E., Balashova, I. O., Dzuban, A. V., Tarakanov, P. A., Trashin, S. A., 

Tomilova, L. G., Zefirov, N. S., "A highly stable double-coordinated 2-hydroxytri(tert-butyl)-substituted zinc 

phthalocyanine dimer: synthesis, spectral study, thermal stability and electrochemical properties," New. J. Chem 

38, 5825 (2014). 

[6] Tolbin, A. Yu., Khabashesku, V. N., Tomilova, L. G., "Synthesis of phthalocyanine tert-butyl ligand 

conjugates with fluorinecontaining single-walled carbon nanotubes having mobile ether bonds," Mendeleev 

communications 22, 59 (2012). 

[7]  Tereshchenko, S. A., Podgaetsky, V. M., Gerasimenko, A. Yu., Savel'ev, M. S., "Investigation of Nonlinear 

Characteristics of Intensity Limiters of High_Power Laser Radiation," Optics and Spectroscopy, 116, 454, 

(2014). 

[8]Tereshchenko, S. A., Podgaetsky, V. M., "Determining the parameters of the laser radiation intensity limiter 

based on a time-dependent equation of radiative transfer in a nonlinear medium," Quantum electron 41, 26 

(2011). 

[9]Tereshchenko, S. A., Podgaetskii, V. M., Gerasimenko, A. Yu., Savel'ev, M. S., "Threshold effect under 

nonlinear limitation of the intensity of high-power light," Quantum electron 45, 315 (2015). 



xyz{|}~ � � �|}�y�|z�� y~�|~yy�|~� �~� �|}��{y�|��x

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

261 

��� ���������� ��� ���������� ��������������� �� ��e compounds 

of laser biological tissue using solders based nanoparticles and an 

organic dye 

I.B.Rimshan, D.I.Ryabkin, M.S. Savelyev, L.P. Ichkitidze, V.M. Podgaetsky, E. S. 

Piyankov, E.N. Shimarov, A.Yu. Gerasimenko 

National Research University of electronic technology, 124498, Moscow, Russia 

Fastening of the biological tissue is necessary for rapid healing process after surgery or 

trauma. The heat from the laser makes it possible to connect the tissue in a contactless 

manner. This avoids foreign body reaction, to reduce the risk of inflammatory reactions and 

tissue scarring. 

It has been experimentally proved that with the right set of radiation parameters and the 

composition of the solder used, it is possible to obtain a solid, tight connection and alete laser 

biological tissue of various types. In [1] presented data on the use of Nd:YAG-laser, 

connected by a small intestinal injury in rabbits[2]. In [3] the histological study of the laser 

connection rabbit facial nerve have shown positive results. laser adhesion method may also be 

effective in restoring the integrity of the damaged tendon [4]. 

Addition of bovine serum albumin (BSA) in the solder can improve adhesion tissues 

inactivate hepatitis viruses and HIV and to reduce inflammation and thrombus formation on 

the coupling portion. The use of carbon nanotubes (CNT) contribute to the cultivation, 

propagation and branching of cells on the surface of the nanotubes and ensures the 

regeneration of biological tissue. The dye indocyanine green (ICG), can increase the intensity 

of the absorption of laser radiation in the impact zone, thereby reducing damage to 

surrounding healthy tissue. 

In this paper we investigate the dependence of the strength of the laser connection bovine 

tendon on the type of solder. Five solder compositions were used. Solder represented the 

aqueous protein dispersion with the addition of the BSA, and two types of CNTs: multiwalled 

and single-walled and ICG (figure1). 

����� Five solder compositions used in laser connection.

The laser system for welding of biological tissues includes a radiation unit, a laser 

guidance system, and an adaptive thermal stabilization system (figure2). 

The laser system includes a power supply connected to the diode laser head, operating at a 

wavelength of 810 nm. For the guidance of the laser beam includes a pilot laser with a lasing 

wavelength of 532 nm. The radiation from the laser head to the site of welding is transmitted 

through an optical fiber. At its end is a collimator lens. When laser heating is emitted thermal 

infrared radiation from place of fabric connections and recorded the IR sensor. With an output 

from the temperature information is supplied in the microcontroller unit. Temperature control 

of tissue welding place of by means of PID algorithm [5]. 
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Fig.2 The laser system for welding of biological tissues. 

For laser adhesion used bovine tendon. The tendon was divided into samples with a length 

of 2-2.5 cm and a thickness of 1-2.5 mm. For each of the solder composition was prepared 3 

experimental sample. Prior to surgery the samples were stored at -21 ° C. Samples were 

scattered in the middle. Then place covered with solder connection. Adhesion samples 

occurred in spot mode. Each point of demanding compliance with equal conditions of its 

formation. Time of receipt of a adhesion point was 60 seconds. Investigation of tensile 

strength was performed with a digital dynamometer. Comparing the strength of the laser 

connections carried out with respect to whole tendon samples. The results of strength 

measurements are shown in table 1. 

Table 1 The dependence of the strength of the composition of the solder. 

Solder Strength, MPa 

BSA+MWCNs 0,41 

BSA+MWCNs+ICG 0,82 

BSA+SWCNs 0,14 

BSA+SWCNs+ICG 0,38 

BSA+ICG 0,54 

Maximum strength was achieved using solder BSA+MWCNT+ICG. The lowest strength 

had samples obtained with BSA+SWCNT. However, this and previous studies indicate a 

weak dependence of the strength of the laser connections on the type of biological tissue. 

Typically, this value does not exceed the strength of 1 MPa. At the same time, the magnitude 

of the relative strength (bonding strength to the strength of whole tissue) is largely dependent 

on the tissue type. According to observations, the relative strength is less for solid tissues 

(such as skin, tendon and bone). It is on contrary for delicate tissues (such as internal organs 

tissues). The stomach pig muscular layer strength was S1 = 0,982 MPa, and at this research 

the bovine tendon strength was S2 = 11,63 MPa. The corresponding laser weld strength 

wereS1weld = 0,57 MPa and S2weld = 0,41 MPa. The relative strengths were S1abs = 58%, S2abs = 

7,1%. 

Structural studies of laser compounds were conducted using optical microscopy. Studies 

have revealed partially or completely unconnected areas and hot spots ( figure.3) 
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Fig.3 Microscopic image (zoom - 50x) of the sample structure with uneven 

adhesion (a) and hot spots (b). 

Analysis of the results of the structural and mechanical characteristics revealed that in 

addition to the solder MWNT prepared most uniform across the width of the samples with a 

high strength. In the case of the addition of SWNTs, the majority of the samples were not 

connected over the entire thickness. This is probably due to the most severe degree of 

aggregation of SWCNTs under the influence of a covalent bond. Consequently, the formation 

of the spatial frame of the SWCNT aggregates under the influence of laser radiation was less 

pronounced. It is accordingly affected the results of strength. Using the dye in each of the 

formulations with MWCNTs or SWCNTs possible to avoid the presence in the structure of 

the connection terminals from overheating, increasing the strength of the samples. Samples 

prepared without the addition of nanotubes in the solder, uniform structure yielded a greater 

number of samples, and only one case was observed in the connection portion is not along the 

whole thickness. Accordingly, the solder composition showed the second result of strength. 

Thus, the addition of MWNTs into the protein solder and / or ICG to obtain the best structure 

and mechanical results. 

This work was provided by the Ministry of Education and Science of the Russian 

Federation (Agreement 14.575.21.0044 RFMEFI57514X0044). 
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abilities by means of the neuro-electrostimulation 
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Yekaterinburg, Russia

Introduction 

In the process of life, the human body is constantly exposed to various influences of 

environmental factors and must, in turn, adapt to these factors. The constancy of the internal 

environment (homeostasis) depends on the body ability to adapt. According the modern 

theory of health, the adaptive ability of the human body should be considered as a measure of 

the health [1]. Transition from healthy state to disease goes through a series of transitional, 

so-called prenosological, states. Decrease of functional reserves and the increase of tension of 

regulatory systems cause evolution of the prenosological states. 

Abnormalities correction during prenoslogical states usually cost less compared to disease 

treatment. Therefore, the identification of such abnormalities and the development of methods 

for their correction is an actual task. 

As an indicator of prenosological states, many authors suggest the application of the 

autonomic nervous system (ANS) characteristics [2,3]. Therefore, it is possible to correct 

prenosological state by means of methods intended for the control of the ANS parameters. 

Currently, there are a number of methods that can solve such task. Let us consider only 

drug-free methods, the most effective devices are the "SYMPATHOCOR-01" [4], the PONS 

[5] and the GammaCore [6]. 

The PoNS device produce electrical current stimulation of the tongue by means of 143 

electrodes. It is hypothesized that usage of the PONS results in a change in the activity of the 

brain stem nuclei, due to electrical stimulation of the trigeminal and facial nerves [5]. 

The GammaCore device implements the technology of non-invasive transcutaneous 

stimulation of the vagus afferent pathways in the neck. Vagus nerve stimulation allows one to 

modulate the parasympathetic tone of internal organs [6]. 

The unique feature of the "SYMPATHOCOR-01" device is the application of a spatially 

distributed field of current pulses for stimulation of the upper and middle cervical ganglia. 

Ganglia belongs to the sympathetic division of the ANS. Time-frequency characteristics of 

this field of current pulses are similar to characteristics of endogenous processes, which 

include nerve impulse propagation speed in myelinated and unmyelinated fibers [4]. In the 

treatment process with application of the "SYMPATHOCOR-01" device, dynamic correction 

of the sympathetic nervous system technique is realized. This technique allows either block or 

stimulate the activity of the sympathetic nervous system (SNS). Effect of the technique 

application depends on the autonomic balance, determined by the ratio of activity of the 

sympathetic and parasympathetic divisions of the ANS [7]. The "SYMPATHOCOR-01" 

device was developed over 20 years ago, was included in the State Registry of medical 

devices in Russia (registration certificates �FSR 2007/00757 from 09.29.2007). The Ministry 

of Health recommended the "SYMPATHOCOR-01" device for serial production and 

application in clinical practice. Its manual was approved in August 1999 by the head of the 

State Control Department for Quality, Efficiency, and Safety of Pharmaceuticals and Medical 

Equipment of the Russian Ministry of Health. 

The necessity of development of the mobile device for adequate control of the human 

adaptation abilities, to be referred as the neuro-electrostimulation device, is determined on the 

one hand, by the fact that the technical realization of the "SYMPATHOCOR-01" device is 
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there is growing number of diseases associated with cognitive disorders and 

neurodegenerative processes. In process of the neuro-electrostimulation device development, 

we made a number of technical solutions that will be useful in the treatment of these diseases. 

Materials 

Block diagram of the neuro-electrostimulation device is shown in Fig. 1. The device 

includes a neuro-electrostimulatios subsystem, an electrocardiogram (ECG) registration 

subsystem, a microcontroller unit and a control unit.  

F��� � Block diagram of the neuro-electrostimulation device. 

The neuro-electrostimulation subsystem creates spatially distributed field of current pulses, 

used for ANS activity correction. The ECG registration subsystem records ECG using first 

lead scheme for further heart-rate variability analysis and ANS activity assessment. The 

microcontroller unit receives and processes control commands, controls the neuro-

electrostimulation and the ECG registration subsystems, and coordinates functioning of these 

subsystems. 

The microcontroller unit collects and wraps informational messages, sends messages to the 

control unit. Informational messages contains current patient ANS activity assessments and 

current device subsystems states. 

The control unit displays current device state and patients ANS activity assessments. 

Doctor may change current biotropic parameters of spatially distributed field of current pulses 

during medical procedure. As the control unit, one can use either personal computer or tablet 

device. 

Neuro-electrostimulation subsystem 

Block diagram of the neuro-electrostimulation subsystem is shown in Fig. 2. The neuro-

electrostimulation subsystem includes: 

• two multielement electrodes, one is used as anodes system, other – as cathodes system; 

• voltage controlled current source, which is controlled by the microcontroller digital-to-

analog converter (DAC); 

• anodes multiplexor MUX1, which connects one of the partial anodes with positive pole of 

current source; 

• cathodes multiplexor MUX2, which connects one of the partial cathodes to the ground. 

The microcontroller controls neuro-electrostimulatrion procedure by either switching-on, 

switching-off or changing current partial electrodes by two enable lines (EN) and two address 

buses (A0-A3), or changing current level by the built-in DAC.  
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���� � The neuro-electrostimulation subsystem block diagram. 

During neuro-electrostimulatrion procedure microcontroller performs two steps: 

• connects one of the partial anodes to the voltage controlled current source; 

• sequentially connects the partial cathodes to the ground. 

After that in the space between the anodes and the cathodes, the partial field of current 

pulses with the partial duration V is formed. After completion of the partial cathodes 

connection cycle, the microcontroller turns off all partial cathodes and, after the time interval 

(TK), starts new cathodes connection cycle. TK is the time interval between same partial 

cathode in two successive switching cycles of the partial cathodes. Frequency WK=1/TK is 

called a frequency of the pulses. 

In accordance with the information about patient’s current condition and the control 

program, the microcontroller can change the currently connected partial anode. The ratio 

between the time of switching the partial anode (TA) must satisfy the condition TA�TK>V. 

At the anodes location in the neck area of the patient, a space-centered structure is formed 

with a maximum current density of a current, disposed at the center of the anode. The ability 

to switch allows the anodes to move the spatially distributed current structure, which 

increases the neuro-electrostimulation possibility by augmenting the number of influence 

targets in the neck region. Neuro-electrostimulation improvement is achieved by the 

involvement in the regulatory process in addition to the ANS, the brain structures responsible 

for motor, visual, auditory, vestibular, and other functions. Clinical studies have shown the 

improvement of the cognitive function [7]. 

ECG registration subsystem 

For the ECG registration, first-lead scheme is used. During ECG signal registration, the 

following steps are performed: analog noise filtering with 2 kHz cut-off frequency by the RC-

filter, differential signal gaining by the differential programmable gain amplifier, and analog-

to-digital conversation by the 24-bit sigma-delta analog-to-digital converter (ADC). 

The ECG registration subsystem is based on TI ADS1292 chip, which includes input 

analog signal multiplexor, 2-channel 24-bit ADC, reference voltage source, and clock signal 

generator. ADS1292 chip works at 8 kSPS sampling rate and resamples digital signal 

according to the chip configuration. During ECG registration resampling rate equals to 500 

Hz. At this condition resampling digital filter -3dB cut-off frequency equals to 131 Hz. This 

frequency is sufficient for ANS characteristics assessments.  

The microcontroller unit performs ADS1292 chip configuration at the start of the neuro-

electrostimulation device, test of the chip, and control signal generation during the device 

functioning. 

Results 

Test of the neuro-electrostimulation device electrical characteristic was perofrmed using 

standard laboratory equipment, which included osciloscope Tektronix DPO2012B and power 
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was used as biological tissue equvivalent.  

Comaprsion of the main characteristics of the "SYMPATHOCOR-01" device and the 

neuro-electrostimulation device is shown in Tab. 1.

Table 1. The "SYMPATHOCOR-01" device and the neuro-electrostimulation device 

characteristic comparison  

Characteristic "SYMPATHOCOR-01" neuro-electrostimulation 

device 

Number of cathodes 12 13 

Number of anodes 1 13 

Weight 1.5 kg 200 g 

Dimensions 186.0x116.0x60.0 mm 90.0x50.0x18.5 mm 

Impulse amplitude 0 – 25 V 0 – 15 mA 

Frequency of the pulses 15 – 100 Hz 5 – 150 Hz 

Partial impulse duration 35 – 50 uS 15 – 60 uS 

Set of the field’s 

parameters 

Switchers on the panel of 

the device 

PC software via USB 

Electrode sequence 

changing ability 

No Yes 

ECG registration ability No Yes 

Table analysis shows that the ranges of the electrical characteristics of the field of the 

current pulses, such as impulse amplitude, frequency of the pulses, partial impulse duration 

exceeds corresponding characteristics of the "SYMPATHOCOR-01" device.  

Increase of the anodes number from 1 to 13, as well as the possibility of changing their 

sequence, augments the number of local targets in the neck. This in turn, increases the 

efficiency of neuro-electrostimulation due to involvement in the regulatory process, in 

addition to the ANS, the brain structures responsible for motor, visual, auditory, vestibular, 

and other functions. 

Reduction of the neuro-electrostimulation device weight and size enhance the capabilities 

of the device for the neurorehabilitation: it is possible to provide simultaneously nerve 

stimulation and load of motor, cognitive, and vestibular systems. 

Addition of the ECG registration subsystem allows to generate biofeedback on the basis of 

information about the functional state of the ANS. Biofeedback based information allows one 

to adjust the parameters of the biotropic field of the current pulses and to change local target 

in the neck. 
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Investigation of geometric attenuation on the reconstruction 

quality in emission tomography 

S.A. Tereshchenko, A.Y. Lysenko  

National Research University of Electronic Technology, 124498, Moscow, Russia

Emission computed tomography can be divided into two main items: single-photon 

emission computed tomography (SPECT) and positron emission tomography (PET) [1, 2]. In 

SPECT the single gamma-quantum of a radiopharmaceutical radioactive decay is registered. 

In PET the pair of gamma- quanta of a positron annihilation for positronic 

radiopharmaceutical is registered. 

In contrary to transmission tomography in emission tomography a distance between an 

each elementary source and the detector is different. Therefore a geometrical attenuation of a 

radiation is an additional distortion factor [2, 3]. 

Usually the influence of the geometrical attenuation is neglected in comparison with the 

radiation absorption in an object substance. Nevertheless it is interesting to investigate the 

influence of the geometrical attenuation on the quality of reconstructed tomograms. 

Let ),( yxs  is the spatial sources distribution in the fixed coordinate system ( )yx, , ( )ζξθ ,s  is 

the spatial sources distribution in rotational coordinate system ( )ζξ,  turned at the angle θ

relative to the motionless coordinate system. Then in SPECT the data registered by the 

position sensitive detector (PSD) can be described in rotational coordinate system by the next 

expression [2] including the geometrical attenuation (Fig. 1):  
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where ( )θξ,p  is the measuring data (projections), R  is the rotation radius of the system, 
21

, ll

are the boundaries of the spatial sources distribution area at the projection line, 
21

, LL  are the 

boundaries of the absorption coefficient spatial distribution area at the projection line, µ  is the 

absorption coefficient of the object substance. 
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z{|} ~ The geometrical scheme of  measurements in SPECT. 

In PET the data registered by detectors connected into the coincidence scheme can be 

described in rotated coordinate system ( )ζξ, by the next expression including the geometrical 

attenuation (Fig. 2):  
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where notations are analogous to the Fig.1. 

���� � The geometrical scheme of  measurements in PET. 



������� � � ���������� ����������� ��� ������������

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

270 

�� �������� ��� ����� �����¡�� ¢���¡�£ ��� ��¡¤��¥ deviation of the reconstructed 

distribution from the original distribution is used in the correspondence with the next formula: 
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where ),( ji yxs  is the discrete original spatial source distribution, ),( ji yxs′  is the 

reconstructed discrete source spatial distribution, xN  is the number of discrete elements along 

x-axis, yN  is the number of discrete elements along y-axis. 

There is investigated the influence of geometrical attenuation on the reconstruction quality 

depending on the gabarit of object, the system rotation radius and the absorption coefficient 

for SPECT and PET. 

To correct the distortion from the geometrical attenuation the method is developed that is 

based on the concept of the correction matrix [2, 4]. 

References 
[1]. Emission Tomography: The Fundamentals of PET and SPECT. Ed. by M.N Wernick, J.N.Aarsvold. San 

Diego, CA: Elsevier Academic Press, 2004. 580p. 

[2]. Tereshchenko S.A. Methods of computed tomography. Moscow, Fizmatlit, 2004. 320 p. [In Russian]. 

[3]. Image Reconstruction from Projections: Implementation and Applications/ Ed. by G.T.Herman. Berlin and 

New York: Springer–Verlag, 1979. 252 p. 

[4]. Chang L.-T. A method for attenuation correction in radionuclide computed tomography. IEEE Tr. on 

Nuclear Science, 1978, Vol. NS-25, p.638-643. 

Investigation of hemolytic activity and biodegradation of 

nanocomposite materials 

U.E. Kurilova
1
, N.N. Zhurbina

1
, I.A.Suetina

2
, M.V. Mezentseva

2
, L.I. Russu

2
, A.Yu. 

Gerasimenko
1 

1
National Research University of electronic technology, 124498, Moscow, Russia 

2
Ivanovsky Institute of Virology, 123098, Moscow, Russia 

Today tissue engineering is an actively developing field of science and technology. Special 

structures – scaffolds are creating to improve adhesion and proliferation of cells seeded on 

their surface. To achieve the same purpose a biocompatible coating of artificial implant can be 

created and enhance mechanical characteristics and patient's tissue ingrowth. 

Hemolysis (breaking of red blood cells) caused by implant's surface is an important 

characteristic of its biocompatibility. Moreover, to ensure the possibility of proliferation of 

patient's living cells material using for tissue engendering purposes must be biodegradable – 

to decompose on the non-toxic products over time and to be replaced by growing living cells 

[1]. It is very important to estimate and control biodegradation time of nanocomposite 

material. On the one hand, it should not to make interference for tissue ingrowth and, the 

other hand, material should not collapse and lose its mechanical properties (porosity, strength) 

before the moment of appearance of the new tissue. 

For investigation of hemolysis we created three samples of these types: nanocomposite 

material based on dispersion of bovine serum albumin (BSA) with single-walled (SWCNTs) 

and multi-walled carbon nanotubes (MWCNTs) treated by laser radiation. Concentration of 

carbon nanotubes was 0.1 g/l. The dispersion of  BSA with carbon nanotubes or without them 

was coated by ultrasonic method on woven fabric for ligament reconstruction – polyethylene 

terephthalate (PET). Samples of fabric size of 5×10 mm with dispersion were dried by laser 
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air for 6 days. Two samples of clear fabric were examined too. As a control with basic level 

of hemolysis a tube with blood was used. Control sample of full blood hemolysis was a tube 

with blood being freezing and defrosting. 

The samples were sterilized by ultraviolet and then were placed in sterile tubes. 1.5 ml of 

fresh human blood was added in each tube. The samples were placed in a refrigerator until the 

erythrocyte sedimentation. 

To estimate the hemolysis plasma was carefully collected using the pipette and moved into 

the quartz cuvette 3 mm thick. On average about 400 µl of serum for each of the sample was 

studied. The spectra of samples of one species were averaged. Between the tests cuvettes were 

washed with distilled water. Spectra of samples in the range 300-700 nm were obtained with a 

resolution of 0.2 nm on the spectrophotometer ThermoScientisicGenesys 10S UV-vis (figure 

1). 

ÌÍÎÏÐ Spectra of plasma from samples with BSA and SWCNT (a), BSA and 

MWCNT (b), BSA (c), PET (d), control sample without hemolysis (e) and with 

full hemolysis (f)

Comparison of the obtained spectra with reference data shows that hemolysis is absent in 

the investigated samples and in the control sample, or its value is insignificant, because there 

are no peaks corresponding to the compounds of hemoglobin in the range of 450-650 nm [2]. 

In the samples with full hemolysis nature of the peaks is the same as the peaks of 

oxyhemoglobin (540 and 578 nm), the most common compound of hemoglobin with 

environment oxygen [3]. 

To quantify the value of hemolysis the optical densities of samples of the plasma on a 

wavelength of 540 nm were obtained. The relative value of hemolysis was calculated in 

percent by the formula: 

, % 100
Dc(+) - Dc(-)

Dc(+) - Ds
=(h) ×δ      (1) 
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áâãäã åæ ç èéêëìíî ïãðæëêñ èò éîíæóí èð í áíôãîãðõêh of 540 nm after contact with a sample; 

Dc(+) – optical density of blood samples with basic level of hemolysis (positive control); Dc(-

) – optical density blood samples with a 100% hemolysis (negative control). The results are 

shown in Table 1. 

Table 1 - Results of experiments of hemolysis study

Components of a 

sample  

Average value of optical density at 

540 nm 
Value of hemolysis, % 

SWCNT, BSA 0.1154 0 

MWCNT, BSA 0.1329 1.2048 

BSA 0.1083 0 

PET 0.1081 0 

Control - 0 % 

hemolysis 
0.1215 0 

Control - 100 % 

hemolysis 
1.0513 100 

Thus, all samples, except for the sample with the addition of  MWCNTs, show the absence 

of hemolytic activity, in the sample with MWCNTs hemolytic activity is low – 1.2%.  

To estimate the biodegradation time of the nanocomposite materials the study of behavior 

of samples with SWCNTs, MWCNTs and BSA in the blood serum was carried out for one 

week. 

Preparation of samples to explore the biodegradation was analogous to the preparation of 

samples for measures of the hemolytic activity. Before the beginning of the experiment 

samples were weighed on the scales VibRAAJH-420 CE. Each sample was weighed three 

times, the result value was the average value of three measurements. 

The samples were placed in the wells of 24-well plate, 1.5 ml of fresh serum was added in 

each well with a sample. The plate was covered and placed in the refrigerator. 

At the end of 7 days samples were took out from the wells and dried for 6 days. Weight of 

each of the sample was measured, relative value of mass loss was calculated (table 2). 

Darkening of serum was observed in the two samples with SWCNTs, in all wells with the 

samples with the addition of nanotubes serum was a little darker than in the wells with the 

samples of BSA, due to the dissolution of the dark cover. 

Table 2 - Results of the biodegradation rate measurements 

Sample 
Components 

of a sample 

Initial 

weight, g 

Weight after 

the 

experiment, g

Difference 

between initial 

and final weight, 

g 

Weight loss, 

% 

BSA-7 

BSA 

0.032 0.025 0.007 21.875 

BSA-10 0.033 0.027 0.006 18.182 

BSA-11 0.03 0.026 0.004 13.333 

S-0.1-9 
SWCNT, 

BSA 

0.032 0.03 0.002 6.25 

S-0.1-10 0.031 0.026 0.005 16.129 

S-0.1-11 0.029 0.025 0.004 13.793 

M-0.1-9 
MWCNT, 

BSA 

0.034 0.028 0.006 17.647 

M-0.1-10 0.028 0.023 0.005 17.857 

M-0.1-11 0.033 0.027 0.006 18.182 
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�ching values of 6.25% (sample S-0.1-9) 

to 21.875% (sample BSA-7), weight loss in the samples with the addition of SWCNTs on 

average was less, in the samples with MWCNTs and BSA average weight loss was about the 

same. The absolute values of weight loss had the least difference in three samples with 

MWCNTs.  

The obtained results of experiments suggests that the study material on the basis of the 

dispersion of carbon nanotubes with BSA can successfully be used as a cover of the ligaments 

knee joint implants because it does not cause hemolysis and has an acceptable rate of 

biodegradation. 

This work was provided by the Ministry of Education and Science of the Russian 

Federation (Agreement 14.575.21.0089, RFMEFI57514X0089). 
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Nowadays optical radiation is widely used in the variety of fields. Medicine uses a large 

number of therapeutic equipment based on optical radiation, characteristics of which must be 

constantly monitored [1]. This indicates the necessity of the development of new radiation 

receivers, devices that control the characteristics of optical radiation even in extreme 

conditions. All existing photoreceivers can be devided on 2 main types by operating principle 

- photothermal and photoelectric. Photothermals have the mechanism of optical to thermal 

and then to electrical energy transformation. High response delay (and thus, low perfomance) 

and environmental conditions susceptibility are the disadvantages of this photoreceivers. 

The principle of operating mode of the second type photoreceiver (photoelectrical) is a 

direct optical to electrical energy transformation. This type includes semiconductor 

photoreceivers that have high perfomance and are less environmental proned then 

photothermal recivers. 

Silicon (Si), Germanium (Ge), gallium-arsenide (GaAs) are as a rule in the basis of the 

majority of semiconductor photoreceivers. Last studies have shown that carbon nanotubes 

(CNTs) of semiconductor type can also be used as semiconductor material in photoreceivers. 

Metallic type CNTs are degenerate as lightning doesn't affect its free charge carriers 

concentration so the CNTs application in photoreceivers is pointless. 

The development of matrix photoreceiver based on CNTs array flows from sensitive 

elements production based on CNTs array [2]. Matrix photoreceiver based on CNTs and 
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c%&'(')*+ %, -. '*&'()(/* *0*1*&)' %& )2* '(&30* '*miconductor substrate was developed 

(Fig.1). Every sensitive element contains 10000 sensitive cells situated as a 100x100 square 

with 5Om interval. Two-electrode system is a basic topology of sensitive cells. Cells represent 

the 10x10 Om apertures that go through metallization and dielectric layers to single-crystalline 

silicone from which the CNT array grows to upper layer. Single-crystalline silicone substrate 

is a basis of the whole structure. Aluminum metallization is the upper layer. Underneath the 

metallization is the dielectric layer of thermally oxygenated 0.5 Om silicone. 

a 4
Fig. 1 Layout (a) and topology (b) of matrix photoreceiver based on CNT array: 

1-sensitive element, 2 – contact surface of sensitive element, 3 – contact 

metallization, 4 – contact window of silicon substrate

The parameters of matrix photoreceiver based on carbon nanotubes, such as working 

wavelength range, perfomance and sensibility were studied using experimental plants (Fig.2), 

which basic elements are MDR-41 Monochromator (OCB Spectr, Russia) and NI USB-6218 

data acquisition (DAQ) device (National Instruments, USA). Research process was automated 

with process-specialized software-based unit in LabVIEW framework. 

5678 9 : ; < = 8>

Fig. 2 Experimental plant for optoelectronic characteristic research: 1 – radiation 

source, 2 – input capacitor, 3 – filter box, 4 – monochromator, 5 – output 

capacitor, 6 – DAQ device, 7 – attenuator, 8 – fast LED, 9 – holder with matrix 

photoreceiver, 10 – radiation power meter 

To find the working wavelength range, the photoEMF dependencies of each 16 sensitive 

cells of matrix photoreceiver from wavelength of falling radiation in 400-8000nm range were 

measured. Fig.3 shows the similar curves of 16 sensitive elements. Spectral maximum of the 

photoEMF is found at 620-670 nm wavelength range and totals ~ 3,6 mV. The second 

spectral maximum is situated at the 900-950 nm and amounts ~ 2,8 mV. The spectral 

minimum goes from 800-850 nm and totals ~ 2,5 mV. 
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PQRT U PhotoEMF of 16 sensitive elements of matrix photoreceiver versus the 

wavelength of falling radiation

For sensitivity analisys of matrix photoreceiver based on CNTs the dependencies of 

current rate that each of 16 sensitive elements of photoreceiver generated versus radiation 

capacity for 3 wavelengths ( 640, 800, 950 nm) were received. Received characteristics were 

linearized and sensibility for required wavelengthes was determined as an arithmetical 

average of 16 slope coefficients of linear functions (Fig. 4). At the wavelength of 640 nm 

sensitivity of matrix photoreceiver constituted 168 O�/Wt, at 800 nm - 163 O�/Wt, at 950 nm 

- 88 O�/Wt. The total sensitivity of matrix photoreceiver based on CNTs  was 140 O�/Wt. 

   
a      b 

V
Fig. 4 The of element sensitivity of matrix photoreceiver based on CNT array 

versus the power of falling radiation on the 640 (a), 800 (b) � 950 (c) nm 

wavelength
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The perfomance of matrix photoreceiver based on CNTs was researched using scheme 

that measures synchronous signals from transmitter and receiver connected by optical 

channel. Speed of response was determined by the time of increase to 0.9 of maximal 

amplitude of photoEMF on sensitive element, that was created after light exposure. It was 

studied, that speed of response of all sensitive elements and therefore, matrix photoreceiver, 

was under 30 Os (Fig.4). 

ijkl m The oscillogram of one of the 16 sensitive elements of matrix photoreceiver 

based on CNT array

Further research will be focused on technological parameters optimization with aim to 

increase the working wavelength range, sensitivity and performance of the matrix 

photoreceiver based on CNT array. Optimization can be connected with purification of the 

surface of sensitive elements from unwanted carbon heading and removing defecting layers of 

multiwall carbon nanotubes which increases the quality of the array and extends the light 

penetration to the contact CNT-silicon. The extension of the working wavelength can be 

achieved using the method of thicker tubes synthesis (with higher amount of layers). 

Developed matrix photoreceiver based on CNT can be used to control the characteristics of 

optical radiation, which apply in modern medicine.
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Single photon emission computed tomography (SPECT) is a nuclear medicine tomographic 

imaging technique using gamma rays. It is able to provide 3D information. This information 

is typically presented as cross-sectional slices of a 3D object, and can be freely reformatted or 
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~���������� �� ��������� ���������� ��������� ���� is a nuclear medicine procedure that 

illustrates the function of the heart muscle (myocardium). It evaluates many heart conditions 

from coronary artery disease to hypertrophic cardiomyopathy and myocardial wall motion 

abnormalities. The function of the myocardium is also evaluated by calculating the left 

ventricular ejection fraction of the heart. This scan is done in conjunction with a cardiac stress 

test. 

Because blood flow in the brain is tightly coupled with local brain metabolism, technetium  

tracer is used to assess brain metabolism regionally, to diagnose and to differentiate 

pathologies. Meta analysis of many reported studies suggests that SPECT with this tracer is 

more sensitive at diagnosing Alzheimer's disease vs. clinical exam (mental testing, etc.).  

The main purpose of using multiplexed measurement systems is to replace huge, 

complicated and expensive rotating diagnostic scheme by more chip translational scheme. 

Such diagnostic scheme can also be applied in cases, where rotation around object is 

impossible. 

However, there is another method for obtaining images using an obscura-chamber 

principle [1,2]. This method can be used for the ionizing radiation. In the case of single 

pinhole an inverted image of flat radiating object is obtained on the position sensitive detector 

(PSD). If we replace the flat source by the volume source, the image on PSD will be a 

superposition of images of each 2D slice of the 3D source. Thus, such kind of image is 

impossible to reconstruct. 

If we replace single pinhole by a set of opened and closed pinholes, we will get, so-called, 

coded aperture (CA) (Fig.1). It has focusing properties, as it is for a lens [3-5]. Thus even for 

a point source of the radiation which locates in a focal plane, on the detector we obtain 

difficult superposed image representing a shadow of the aperture. In the case of 3D source the 

image on the detector is even more difficult. Consequently the image decoding is required. 

This problem can be solved with multiplexed measurement system (MMS). 

���� �. An example of the coded aperture 

2D CA are constructed with 1D pseudorandom sequences (PRS) [3-6]. There are three 

methods to construct CA from PRS [4,5,7,8]. Line-by-line and diagonal methods construct 2-

D CT on the basis of the single PRS. Self-supported method constructs 2-D CT on the basis of 

two PRS. Total number of possible rectangular and hexagonal CA is more than 1 000 000. It 

is necessary to investigate tomographical properties of the CA and to select CA with better 

tomographical properties. To reconstruct the space distribution of radiation sources the focal 

planes method (FPM) is used [4,5]. Volume source is divided into planes, which sequentially 

placed in focus of MMS. Obtained images on the detector are used in the decoding algorithm 

(Fig.2). 

It is possible to obtain the focused image from the image on the PSD. In the case of 2D 

object this focused image is the reconstructed object [4,5]. Using this algorithm in case of the 

volume source we obtain focused images of focal planes with the contribution of all out-of-
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¦§¨©ª «¬­®¯ª °±²³´µ¶´ ·¸ ¸¹¯ ª­º¯ ¸²º¯ ¸¹¯ ¦§¨©ª¯» image may be used as the initial 

approximation for iterative decoding algorithms. The main criterion for comparison of the 

coding apertures is the point spread function (PSF) which can be computed with FPM [4,5]. 

PSF shows the contribution of sources in out-of-focus planes to the focused image. If this 

contribution is less then tomographical properties of CA are better. The only way to get PSF 

is to calculate it numerically (Fig.4). 

There are known iterative algorithms, for example, steepest descent method, directed 

divergence method [4,5,9]. Their inefficiency has been shown. At the same time, it is known 

that in the rotational SPECT there are very effective algorithms of ART type [10]. The ART 

type algorithms use an idea of the back projection. So it was created very more effective 

iterative algorithm based on the principle of the back projection, which has the significantly 

better rate of the convergence [11,12].  

¼½¾¿ À¿ Focal plane method: 1 – PSD, 2 – CA, 3 – spatial distribution of radiation 

sources (object) with M planes, 4 – focal plane 

¼½¾¿ Á¿ Focused images in case of 3 planes 

¼½¾¿ Â¿ Example of PSF 

Back projection method (BPM) is developed on the basis of an idea of back projecting. 

The basis of BPM is an information about contributions of sources to every cell of PSD (Fig. 

4). Iterations in BPM are performed in accordance with the expressions 
)()1,1( kk ps

��
=+

,                                           (1) 
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 is the i th row of matrix Ĥ , Ĥ describes encoding process.  

Scheme which was described above is called unipolar. This means that we have 

measurements only at one side of the object . However, we can double the amount of data, if 

we will have measurements from two opposite directions. Such measurement scheme is called 

bipolar. It can be used with the same or different coded apertures. Using this measurement 

scheme the decoding error is averaged. Bipolar measurement scheme can be easily 

implemented with the unipolar scheme. Thus it is enough to turn the object at 180 degrees. 

The degree of improvement can be traced by the dependence of the standard deviation of 

the iteration number. It was found that the rate of deviation reduction for the bipolar 

measurement scheme more than for the unipolar scheme about 10 times. Thus a bipolar 

measurement scheme can be used for a large number of planes. On the Fig. 5 the Shepp-

Logan phantom reconstruction is shown using BPM after only 5 iterations.  

ÔÕÖ× Ø× The real (row 1 from top) and reconstructed  images of Shepp-Logan 

phantom after 5 iterations for BPM in the unipolar (row 2 from top), and bipolar 

(row 3 from top) scheme. 

We have modified decoding algorithms for the case of HCA, and have achieved that in the 

case of a planar source, there is absolutely accurate decoding [13]. As expected, for the 

volume source focused images have artifacts due to the influence of out-of-focus sources 

(Fig.6). 
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éêëì íì Focused images in case 2 planes
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Accuracy is essential property of a medical radiothermometer, which determine its usage 

in clinics. It has very special influence on the inverse problem solving limiting stability of the 

solution. While radiothermometer is a power meter, accuracy is bound with time of 

measurement, so, we should compare measurement methods by their accuracy within the 

same time.  

Simple theoretical dependency of noise fluctuations deviation versus time of measurement 

was firstly written by Dicke in 1946 and well known as Dicke radiometer formula: 
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����	���r �ÿ� 	þÿ� �ÿmperature and amplifiers’ 

additive noise),  is bandwidth,  is low-pass filter time constant,  is design-dependent 

constant. Unfortunately, this formula cannot be used to estimate precision as it doesn’t 

consider another sources of error. An example of such source is transient which anyway 

appears in the beginning of measurement. Additionally, we claim that modern radiometers are 

more complex than radiometer Dicke used and so his formula doesn’t describe their peculiar 

features. 

Let us formulate the problem. Null-radiometer is tracking dynamic system, tending to 

equal noise temperature of calibrated variable source with noise temperature of measured 

object. The structure scheme of studied system is shown on Fig. 1. 

                    
Fig. 1 System-level schematic of null-radiometer 

One can find that theoretical dependency of source temperature versus object temperature can 

be written like this: 

where � ��ÿ�
���� ������������� ��ÿ�����ÿ���  is inertial characteristic of noise 

source,  is loop low-pass time constant. 

The signal on the input of the system is 9�����'� from the RF detector circuit and can be 

expressed as sum of a constant value, proportional to temperature ��� � ����
�����ÿ� ����ÿ
noise. A step change of input temperature will output a sum of step transient and colored 

noise: .
Thus, the determination of temperature problem can be reduced to the determination of the 

initial step amplitude. Direct averaging of noise using low-pass filter is not an effective 

technique because it makes transient longer. The smallest error exist for every given 

measurement time  and requires specific , so implementation of effective algorithm is 

difficult. 

We propose new method, which based on extracting data from transient and noise instead 

of noise only. One can calculate ideal transient for given system applying Inverse Laplace 

transform: 

where , , . Assuming system parameters are known the 

problem reduces to minimization: 

L������� ������

Peltier element

Antenna
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w0121 34 56738391: ;<23<=>1 81<?3?@ 4716 AB?C735? <86>37ude. This problem can be solved 

with univariate minimization method, e.g. golden ratio method, even in realtime. 

System parameters are not usually known accurately enough. In addition, they can change 

over time.  

It is possible to extract unknown system variables from set of transients using multivariate 

optimization, but it is quiet difficult to obtain such set of transients for every device produced. 

We propose alternative way to extract the properties using colored noise data. Assuming 34
constant we can discard the mean value and low-frequency components of noise. Wiener 

theorem claims that correlation function of such noise will be defined as inverse Fourier 

transform of its power spectrum. As the source noise is supposed to be band-limited white the 

spectrum depends firstly on system frequency response. Normalized correlation function 

calculated from system FR is as follows: 

<?: ;<23<=>14 <21 701 4<81 w370 4<81D?<81: ;<23<=>14 5f a transient. That’s why we 

can accumulate long enough sample of noise, do a detrending process and calculate 

correlation function  (Fig. 2 is an example of such function). With multivariate 

optimization (e.g. Levenberg-Marquadt method) we can obtain unknown parameters. This 

process can go while device is standing by and because of this device will keep accuracy even 

if device parameters changes. 

Fig. 2,3  Example of measured normalized correlation function. Example of 

measured transient 

Experimental estimation of method’s performance was produced using set of specially 

measured transients. Step function was modelled by turning on loop switch, while calibrated 

noise generator was used by noise source. There were EFGHIJKHEI MFNO P EN QR IKTNHUI
each, e.g. Fig 3. We also noticed that system parameters determined by proposed method 

found within 5% deviation the parameters originally designed in circuitry. One of the 

problems in method implementation was removing the initial part of transient, which was 

influenced much by non-linearity of the system. Non-linearity was caused by power amplifier 

which limited the current flows through Peltier element and so limited speed of temperature 

increase, leading to triangle output signal. To overdo this we determine linear part of signal, 

then separately apply algorithm described above to “step down” process.  
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fghi jkl Changes of minimization-based temperature estimation within time. 

Comparison of measurement error (std. devation), calculated for novel algorithm 

and traditional averaging. 

Described method performs better than traditional averaging method, resulting in at least 

30% smaller error, as it is shown on fig. 5. One can see in fig. 4 that it is possible to obtain 

accurate solution even for 1 or 2 seconds of measurement. Unfortunately, in some cases 

small-amplitude transient is not visible on background noise and minimization task does not 

converge. It is useful to revert back to window averaging in such cases. The final algorithm is 

shown on Fig. 6: 

Fig. 6 The final algorithm 

  

Overviewing given results, the new method of null-radiometer signal processing is 

proposed, which considers its dynamic properties and through this providing smaller time of 

measurement in comparison to traditional window averaging method. 
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transfer 

A.A. Danilov, E.A. Mindubaev

National Research University of Electronic Technology, Biomedical Engineering Department, Zelenograd, 

Moscow, Russia, 124498 

Transcutaneous energy transfer (TET) can be a solution to the energy supplying problem 

for a variety of implantable medical devices (IMDs) [1-3]. At the same time, there are a 

number of challenges associated with it. Firstly, relative displacements of the transmitting and 

receiving coils caused by patient movement and/or postoperative tissue swelling can lead to 

unstable and inefficient energy transfer. Secondly, operation of the TET system can cause 

heating, and even burns, of the surrounding tissues. This problem is especially important for 

IMDs with high power requirements (e.g. ventricular assist devices) [4]. Third issue is 

existing operating frequency restrictions due to interaction of the electromagnetic field 

generated by transmitter with biological tissues and its interference with other fields. That 

said, there are a variety of approaches for solving of these problems: topological (studying of 

the system on the circuit level), geometrical (study of the coils interactions), a number of 

optimization schemes, etc. [5, 6]. Experimental studies of the TET system can be a source of 

quality data about both mentioned problems and solutions. Moreover, such studies can verify 

numerical calculations and prove concepts of the systems under design. Existing evaluation 

kits does not provide enough functionality for extensive TET studies [7, 8]. Therefore, the 

goal of this work was development of the flexible test bench that will allow wide range of the 

researches specific to the TET.  

Fig. 1 Schematic representation of the test bench for studying of wireless energy 

transfer 

Schematic representation of the proposed test bench is given in figure 1. The signal 

generator block includes function generator and high-power radio-frequency amplifier. The 

power amplifier is used only in cases where transmitted power is of importance (e.g. heating 

studies). The signal generator generates ideal sinusoidal signal and allows easy regulation of 

the operating frequency. Frequency range of the generator is from 10 kHz to 230 MHz and, 

hence, fully covers frequencies of interest in researches of the TET. 

Inductances of the transmitting and receiving coils must be compensated to increase 

efficiency of the energy transfer. There are four different combinations of the compensating 

circuits known from the literature [9]: primary series secondary series, primary parallel 

secondary series, primary series secondary parallel, primary parallel secondary parallel. These 
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ÓÔÕÖ×ÖÓ ÕØÙÖ ÚÕÖÛÜ ÝÞß àÜÝàÖÜÚÛÖÓ Øßá ÛÚ ÛÓ ÝßÖ Ýâ design challenges to choose optimal 

topology for a specific task. All topologies can be evaluated on the developed test bench. 

Transmitter part printed circuit board (PCB) includes test resistors and compensating circuit 

(series or parallel) for the primary inductance LT. Similarly, receiver part PCB includes load 

resistor and compensating circuit (series or parallel) for the secondary inductance LR. Hence, 

configuration of the compensating circuits can be easily changed by the switching of the 

PCBs. It allows to extensively study topological approach to the solution of the TET issues. In 

this work primary series and secondary series compensation will be considered. Principal 

scheme of the system in this case is shown in figure 2. 

Fig. 2 Principal scheme of the test bench with primary series and secondary series 

compensation 

Table 1 System parameters 

Parameter Value 

Output 'urrent of the generator IS, mA 71 

Internal resistance of the generator RS, 

Ohm 
50 

Resistance of the test resistors RT1 and 

RT2, Ohm 
10 

Load resistance RL, Ohm 20 

Capacitance of the CT and CR capacitors, 

nF 
1.5 

Inductance of the coils LT and LR, OH 5.97 

In order to be able to test different coils geometries, transmitting and receiving coils are 

connected to the corresponding PCBs via terminal blocks and, thus, are easily switchable. 

The effect of the relative displacement of the coils on the system parameters is expressed 

in terms of mutual inductance. Mutual inductance is a proportionality factor between the rate, 

at which current in one circuit changes, and electromotive force around the other circuit due 

to this current flow. Principal scheme given in figure 2 can be analyzed by Kirchhoff's laws 

and expression for mutual inductance M can be obtained: 

SSS

rectransSStransSSrectransS

VRI

ZZRIZRVZZV
M

−

−+

ω
=

1
,                                               (1)

here, Ztrans = RT1 + RT2 – j/(+CT) + j+LT is impedance of the transmitting part of the TET 

system when the coils are not coupled, Zrec = – j/(+CR) + j+LR + RL is impedance of the 

receiving part of the TET system when the coils are not coupled, + is angular operating 

frequency of the system, IS is output 'urrent of the generator, RS is internal resistance of the 

generator, RT1 and RT2 is resistances of the corresponding test resistors, RL is load resistance, 

CT and CR is capacitances of the capacitors in the transmitter and receiver, LT and LR is 
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óôõö÷øùô÷úû üý øþú øÿùôûióøøóô� ùôõ ÿú÷úó�óô� ÷üó�û LT and LR, VS is total voltage drop on the 

system components. 

Three basic types of the coils displacement can be distinguished: changing of the distance 

between the coils, lateral displacement of the coils and angular displacement of the coils. 

Dependencies of the mutual inductance from any displacement or combination of the 

displacements can be obtained on the test bench. To demonstrate the accuracy of the 

measurements, let's consider an experiment, in which dependence of the mutual inductance 

from a distance between the coils is measured. System parameters are given in table 1. 

Transmitting and receiving coils is two identical spiral coils with radius 10 cm and 3 turns. 

Their self-inductances are measured by a RLC-meter. Measured values of the mutual 

inductance were compared to the corresponding values calculated via finite-element 

modelling of the transmitting and receiving coils (fig. 3(a)).  

Additionally, the effect of the displacements directly on the power transferred to the load 

can be estimated. For the system shown in figure 2 output power can be calculated as: 

( )( )222

222

/ recSrectrans

LS
L

ZRMZZ

RMI
P

+ω+

ω
= ,                                                       (2) 

Fig. 3 Comparison of experimental (squares) and calculated (solid lines) values of 

mutual inductance (a) and power transferred to the load (b) as a function of a 

distance between the coils 

Comparison of the measured and calculated power to the load as a function of the distance 

between the coils is given in figure 3(b). 

Splitting of the resonant frequency into two modes is another major aspect specific to the 

inductive TET [10]. It greatly affects performance of an inductive TET system. Thus, test 

bench should be optimized for frequency splitting examination. For this reason, a number of 

considerations were made in order to minimize value of critical coupling at which frequency 

splitting appears. In particular case of the primary series secondary series compensation of the 

transmitter and receiver coils inductances, critical coupling can be derived as: 

RT

RT
LTcrit

LL

CC
RRk = ,                                                                 (3) 

here, TR is equivalent resistance of the transmitting part. Low value capacitors were used in 

the transmitting and receiving parts of the system. Function generator that is basically current 
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s����� ���� �������� �������� ��s�s������ �� ��� !oltage source with series resistance, was 

choosen. Transmitting part resistance can be decreased by installing of the low value resistor 

in parallel. Also, other resistances are minimized. Thus, low value of critical coupling was 

achieved. Figure 4 shows exemplary frequency sweep at the coupling coefficient between the 

coils equal to 0.5. Transmitter resistance is 4.5 Ohm, load resistance is 10 Ohm, rest of the 

parameters are equal to the ones given in table 1. Thus, critical coupling is equal to 0.107. 

Worth mentioning, that critical coupling could be observed for the coils inductances down to 

68 nH if other parameters of the system stay the same. 

Fig. 4 Load voltage as a function of operating frequency (solid line - PSpice 

modelling, dashed line – experimental data) 

Designed test bench is a flexible system that provides a wide range of possible studies for 

different configurations of the oscillating circuits. It can be useful for investigation of a 

physical processes associated with TET as well as for the design of a couple of coils and LC-

circuits with defined properties. Particularly, test bench is suited to perform geometric 

evaluation, to observe and investigate the frequency splitting effect and to compare and 

choose optimal LC-circuits topology for a given load.  
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For last 30 years, development of a wearable artificial kidney (WAK) was a challenge for 

many research and engineering groups all over the world. At present at least 3 groups of 

researches are developing wearable artificial kidneys – in Netherlands [1], Singapore [2] and 

USA [3]. Benefits that such a device can offer are impressive. 

1. WAK (in comparison to hemodialysis machine) works all the time and its effect on the 

human body is closer to native kidney. Hemodialysis cleans human body from metabolites 

that are produced during 3 days between procedures. Lower rates of metabolites elimination 

will cause patients on dialysis feel better and live longer [4]. 

2. WAK is supposed to give patients on dialysis unrestricted mobility. Low weight and 

portability will let people use the device not only in clinic.  

3. WAK will lower expenses on the procedure (from 85k€/year/patient to 

50 k€/year/patient [5]). 

The work is devoted to results of research in the field of methods for waste dialysis 

regeneration. 

Most metabolites can be eliminated from the waste dialysis fluid via its sorption with 

activated carbon. The main problem is in effective urea elimination.  

Sorption can be expressed in the following way: 

( )
[ ]( )

[ ]( ) T

t

jSubb

jSubb
AjN

ii

ii
m

sorp
i

∆
⋅

⋅+

⋅
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1

,    (1) 

where ( )jN
sorp
i  – amount of substance absorpt by sorption unit during j -th iteration, mA  – 

amount of substance that can be absorpt by the sorption unit, t∆  – duration of one iteration, T

– time constant, ib  – constant of adsorption equilibrium for i -th substance, [ ]( )jSubi  – 

concentration of i -th substance during j -th iteration. 

Experimental result of waste dialysis fluid sorption vs theoretic one is presented in the Fig. 

1. 

Fig. 1 Creatine sorption with activated carbon 

There are several methods that can be used to eliminate urea from waste dialysis fluid: 

thermal method, enzymatic method and electrolysis (Fig. 2). 

Thermal method includes heating of waste dialysis fluid up to 160-250 °C. Under the 

temperature of more than 100 °C urea undergoes decomposition into ammonia and carbon 
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dUVWUdX YZ[\ ]W^X_U`Xabce _Xfgebf fhVj bhcb g_Xc kVncentration goes down in an exponential 

way: 

( )( )tTkCt, uu ⋅−⋅= exp)( 0 ,     (1) 

Where u,  , 0uC  - concentrations of urea in dialysis fluid at time t and in the beginning of the 

procedure (t=0), t – time, ( )Tk  - constant of urea elimination rate. 

Waste dialysis fluid enters the evaporator (Fig 2c), where some amount of water is 

evaporated in order concentration of urea in dialysate to be raised. The vapour goes through 

the parallel circuit where it transforms to the liquid state. Concentrated waste dialysis fluid is 

set under temperature of 200 °C for about 30 minutes. After that, the gas phase is let out of 

the circuit, dialysis fluid is cooled and mixed with the water from parallel circuit, and can be 

used again. Experimental results show that it is possible to eliminate urea from waste dialysis 

fluid with rates from 2.5 to 10 g/h. 

Fig. 2 Methods of urea elimination: electrolysis (a), enzymatic method (b) and thermal 

method (c) 

Enzymatic method uses urease as a catalysis of urea hydrolysis 

reaction: 23222 2)( CONHOHCONH
urease + →+ . When urease is immobilized on a surface of a 

solid state carrier, its efficacy becomes 10 times higher. Waste dialysis fluid is transported 

through sorption unit (Fig 2b) that includes the following layers: activated carbon, 

immobilized urease, zirconium phosphate, zirconium oxide and activated carbon. Results of 

the experiment are shown in Fig. 3 
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}~�� � Urea concentration dynamics in waste dialysis fluid circulating through the sorption 

unit with 1 g urease (T=37 °C) 

Urease activity was also measured in aspect of storage conditions. It was stored in vacuum 

containers under temperature of 2-4 °C, 20 °C and 37 °C. In all cases, its activity decreased, 

in particular, 2.8, 3.3, and 3.8 times respectively.  

Electrolysis of waste dialysis fluid (Fig. 2a) is another method of urea elimination [7]. 

Effective electrolysis is a matter of electrodes material and parameters of electrolysis. In our 

research, we investigated some metals from platinum group: Pt (electrodeposed), Pt (rolled), 

Rh (electrodeposed) and Ru (electrodeposed). The support plate was Ti for all metals used in 

the research. In Tab. 1 presented results of electrolysis with different type of electrodes; 

geometrical square is 150 cm
2
. 

Tab. 1 Comparison of electro-oxidation activity of some metals from Pt-group 

Type of 

electrode 

Urea elimination rate*, 

mg/h 

Comments 

Ti-Rheo 33 Effective time of work ~14 hours, deposition of 

subproducts on electrode surface 

Ti-Pteo 110 Effective time of work ~40 hours. Pt 

dissociates into dialysate.  

Ti-Ptr 50 Effective time of work > 200 hours. Pt 

dissociates into dialysate with much lower rate. 

Ti-Pdeo – Problems with electrodeposition of Pd on Ti 

Ti-Rueo 0 Ru dissociates into dialysis during 4 hours 

Results that were gained during set of experiments show that among metals from Pt-group 

Pt has the highest electro-oxidation activity. As to the method of its binding with titanium 

support plate, rolled Pt was the most durable. However, rolled Pt showed twice lower activity 

in comparison with electrodeposed Pt. It happens because during electrodeposition, surface 

becomes developed, consequently urea electro-oxidation rate becomes higher.  
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���� � Comparison of applicability of urea elimination methods 

 Thermal method Enzymatic method Electrolysis 

Complexity of WAK 

development  
High Low Acceptable 

Consumption of 

electricity 
High (~5kW) Low (~7W) Acceptable (~20W) 

Mass-dimensional 

characteristics of 

WAK 

High (~70×100 cm) Low (~30×40 cm) 
Acceptable 

(~35×55 cm) 

Necessity in 

expendable materials 
No Yes Yes 

Price of expendable 

materials 
– 100 €/day 

1875 €/year + 

5 €/day 

Time of cycle for 

expendable materials – 6-12h 

2 years for 

electrolyser +12 h 

for sorption units 

Complexity of 

expendable materials 

storage 

– 

High (enzyme 

degrades during 

several days) 

Low (in normal 

conditions can be 

stored unlimitedly) 

Thermal method can hardly be a good choise for WAK. It has one valuable advantage: it 

does not need any expendable materials, only electric energy. So that can be a good option for 

hemodialysis machines with dialysis regenerating unit.  

Enzymatic method is a very useful one. On the basis of this method a WAK with very low 

mass-dimention characteristics can be assembled. But it’s very hard to make cheap 

expendable materials. Moreover it is very difficult to store sets of expendable materials 

(efficacy of immobilized urease becomes almost four times lower whithin a week). 

Electrolysis seem to be the most acceptable option for WAK. However it is also not free 

from problematic moments: chemical balance during procedure must be controlled and gas 

phase must be let out from the extracorporeal circuit right after regeneration unit. Electrisity 

consumption of such a regeneration unit will cause necessity in accumulators exchange 

several times during 24 hours.  

In current research several methods of dialysis regeneration were considered. Experimental 

results show that  all of them has its pros and cons but anyway WAK doesn’t seem to be so 

impossible.  
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Introduction 

The recovery of body functions is of primary importance for the patients suffering from 

stroke causing pathological processes in the brain areas and memory fields. Based on the 

theory of long-term memory reservation and its distribution over the brain cortex, the acute 

problem of memory elements restoration has to be resolved not only with the use of 

medication but by means of noninvasive physical interventions, which allow us to initiate the 

processes of memory restoration. 

The Problem Formulation 

Once recognizing the relevancy of brain activity and memory restoration after stroke, 

we’ve set a goal to create a bioengineering system of audio-visual-colour and magnetic brain 

areas stimulation and to conduct research, which enables us to obtain various simulations of 

the efficient therapeutic intervention for resolving the problem. 

Research Methodology and Implementation  

The following approaches to noninvasive intervention for memory field stimulation have 

been suggested: 1) the impact on vision and auditory system since the receptor areas 

information is transferred via hippocampus;  then processed by hippocampus, the information 

arrives at brain cortex regions to activate neuron fields and mechanisms responsible for 

reconstruction of broken links and generation of new ones between the neurons owing to 

neuroplasticity processes [1]; 2) brain cortex exposure to direct magnetic radiation with the 

amplitude up to 5mT. 

To improve the efficiency of these interventions, the authors had proposed the approaches 

to affect receptor areas, particularly by the influence on patient’s eyes and ears, which were 

exposed to flash and sound frequencies resolved by the range. The frequency difference of 

such exposures was equal to alpha, beta, theta and delta patient’s rhythms defined by 

electroencephalograms before starting the simulation. Different colour scales and their 

combinations were set for colour exposures. 

Light and sound exposures with frequency difference (which equals beta and theta 

rhythms) are characterized by the greatest efficiency because these frequencies are generated 

by hippocampus neuron fields causing resonances at which rhythm amplitude tends to grow. 

In a similar way, it was suggested to expose the brain cortex to several magnetic flows 

with frequency differences of emitting solenoids, which are equal to   alpha and beta patient’s 

rhythms. Frequency content of magnetic flows has to comply with the frequency modulation 

pulses of interneuronic interaction [2]. 

The bioengineering system for long-term memory recovery after stroke was developed by 

R&D institute of Medical Engineering at NSTU. The system functional diagram is presented 

in Fig. 1. 
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ÈÉÊËÌË Flow-chart of the research bioengineering system designed for long-term 

memory restoration after stroke. Where: 1,2 – Audio-exposure units; 3,4 - Flash-colour 

exposure units; 5,6 – Magnetic field exposure units; 7,8 – Emitters for magnetic flow 

exposures; 9 – Control unit  for interventions synchronization. 

 – Influence frequency difference complies with alpha, beta, theta and delta 

rhythms

Í Influence frequency difference complies with alpha, beta, theta and delta 

rhythms

– Influence frequency difference complies with alpha, beta, theta and delta 

rhythms

Technical characteristics of  the bioengineering system. 

1. Light exposure frequency range, from 1 up to 60 Hz. 

2. Sound exposure frequency range, from 100 to 2000 Hz with the intensity not greater 

than 70dB. 

3. Colour exposure scale: red, green, dark-blue and combination of these colours with the 

intensity not less than 300-350 lx. 

4. Magnetic field exposure magnitude, from 1 mT up to 5 mT.  

Experimental Results  
The bioengineering system assigned to long-term memory recovery in the after-stroke 

period was used for doing research on brain memory field stimulation by means of flash, 

audio and diverse colour exposures. The degree of changes in brain area activity was assessed 

with an electroencephalograph and by the topograms obtained. A number of tests aimed at 

brain activity stimulation were carried out on volunteers. Exposure frequencies were a 

multiple of the alpha, beta, and delta brain rhythms.  

It should be noted that all the volunteers were in good health. 

The preliminary approbation outcomes obtained for the bioengineering system used for 

long-term memory recovery in the after-stroke period confirmed the efficiency of the patient’s 

memory field stimulation by means of the offered techniques, which involve colour/audio 

eyes and ears exposures at frequency difference being equal to the testee’s alpha, beta, theta 

and delta rhythms. 

The outcomes of memory exposures were obtained by the following techniques: the 

method of the short-term memory assessment, «Short-term memory capacity estimation» 

method, «TV-set» test, «Visual operating memory assessment» test, and etc.  The test results 
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Þßàáâãäåæ çèå âäéãßêåäåàç ßá ëßàìíçåãä äåäßãî ïî ðñ-20% in comparison with the initial 

memory estimates. 

Conclusion  

With regard to the results obtained, we can draw the following conclusions:   

• Frequency differences of light-colour-audio-magnetic field exposures brought into 

conformity with the brain rhythms have an effect on the brain area activity and let us 

reconstruct neuron fields and restore long-term memory.  

• The impact of flash-colour exposures with the same frequency difference but diverse 

colour scales is found to produce various stimulating effects.  

• Research findings have proved the advisability of the further research accomplishment 

by means of the developed bioengineering system and techniques aimed at patients’ 

rehabilitation after stroke and the brain activity recovery. 

The authors offer to create two models of the bioengineering system to meet the patients’ 

demands for rehabilitation at home and at hospitals. 
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Research of circuitry solutions for portable blood impedance 

meter

 E. Litinskaia, P. Rudenko, A. Przhiyalgovskaya
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Russia, 124498  

Last few decades saw device miniaturization for personal use in diagnostic. For example 

blood impedance measurement and monitoring are widely applicable in International 

Normalized Ratio (INR) determination. INR is the one of the blood coagulation quantity 

parameters. According to INR value and used medicine a doctor can make suitable 

corrections in the prescribed treatment. Impedance method of INR determination is based on 
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e"e#$%&# '(e)*+e), -(&#( *##.% /.%&)0 1"**/ #*,0.",tion. Nowadays the method is used in 

INR measurement portable device design. 

Impedance measurement system may be divided into following blocks: harmonic signal 

generator, two-pole voltage and current analyzer and data processing block. As a result having 

ratio of current and voltage absolute values, it is possible to calculate impedance absolute 

values and having phase delay between current and voltage it is possible to get impedance 

argument. 

Impedance measuring devices with such a functional structure are technically hard to 

implement. However there are a number of methods which can be used in developing such a 

device. They are integrated circuits AD5933 and ADUCM350 from Analog Devices and the 

basic schematic pattern for current and voltage measurement. The paper reviews mentioned 

methods, its portable embodiment and evaluation of impedance measurement relative 

deviation from reference values for the embodiments. 

Resistance divider is the basic schematic pattern for impedance measurement. AC voltage 

source is connected to the unknown impedance.  Current, voltage and impedance ratio in this 

scheme is determined by Ohm’s law in the complex form. It is valid also for the absolute 

values, which are necessary for INR measurements.  

As an AC voltage source laboratory an AC signal generator or a DDS can be used, due to 

its high accuracy and wide frequency range. For current measurement in the form applicable 

for computer processing the sense combined with unknown impedance into resistance divider 

is used. The total system is controlled by a microcontroller.  

It should be noted that this method requires a time-consuming adjustment, and may also 

need a selection of individual parameters for each unit due to the electronic components 

parameters variation. That is why it is worth using meters performed as integrated circuits, 

which contain all functional blocks needed for impedance meter construction. 

O)e *3 4.#( #&%#.&$4 &4 $(e 567899 :;<= >$� uses digital signal processing method for 

generating a harmonic voltage and analyzing two-pole current. This chip allows measuring 

from 1kOhm to 1MOhm at the frequency of up to 100 kHz.  

The AD5933 special feature is calibration necessity. Calibration can be done manually by 

connecting a known nominal resistor as a test two-pole, or by providing the switch channels 

circuitry, which performs automatic switching on a calibration channel and then switching to 

unknown impedance measurement channel. Also, for the chip operation microcontroller 

forming control commands is required. 

The other chip is the ADUCM350 [2]. The ADUCM350 is a complete, coin cell powered, 

high precision, meter-on-chip for portable device applications such as point-of-care 

diagnostics and body-worn devices for monitoring vital signs. The ADUCM350 is designed 

for high precision potentiostat, current, voltage, and impedance measurement capabilities. In 

comparison with the AD5933, the ADUCM350 has an integrated microcontroller Cortex-M3 

and does not require any external control.  

Impedance measurement is performed by the 16-bit precision analog front end (AFE) 

system. The AFE can be controlled by Cortex-M3 via a collection of memory-mapped 

registers (MMRs). The MMRs can be accessed through the programmable sequencer. The 

sequencer handles low level AFE operations and allows the AFE to perform its functions 

independent of the microcontroller. In order to determine impedance absolute value a special 

block of commands is written into the sequencer. Usually they are measurement settings 

(frequency, amplitude and form of the signal), measurement channel setting, generator enable 

and disable, calibration resister measurement, unknown impedance measurement.   

On the base of described methods three prototypes of impedance meter were developed. 

Before accuracy evaluation of developed prototypes it is necessary to lay down 

requirements to impedance measurements, especially to determine the maximum impedance 
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According to [3,4] it is possible to make a conclusion that for INR determination impedance 

measurement should be performed at the frequency of 10 kHz. Besides in papers [5–7] the 

possibility of impedance measurements at higher frequencies (several tens kilohertz) is 

described. It is more difficult to lay down requirements to measuring values, because blood 

sample impedance at the fixed frequency depends also on the blood volume and electrodes 

configuration. That is why developed prototypes accuracy evaluation should be performed in 

wide measuring impedance values range.  Accuracy requirements can be laid down due to the 

results of biological material experiments implemented in ICBFM SB RAS. Thus, during 

coagulation at the frequency of 50 kHz impedance of 1ul blood sample changes from baseline 

in several kilo ohms by several tens of ohms. Therefore the deviation of prototypes results 

must be at the level of 1-2% for the most accurate INR determination. 

As a result there were laid down the following requirements for an impedance meter: 

− AC signal frequency ranges: 6…14 kHz and 40…60 kHz;

− measuring value ranges: 2000…10000 Ohm, 10000…50000 Ohm, more than 50000 

Ohms; 

− measurement accuracy not less than 2%. 

In order to evaluate impedance meters accuracy according to described requirements there 

were performed comparison tests with laboratory LCR meter MNIPI L7-20. As measuring 

samples for the tests radio components, which have ohmic resistance (resistors) as well as 

reactive resistance (capasitors) were chosen. Measurements were performed at the frequency 

ranges from 6 to 14 kHz by 2 kHz and from 40 to 60 kHz by 5 kHz. Comparison results 

consist of two parts: results for resistors (impedance value is equal to nominal value of the 

resistor) and capacitors (impedance value is calculated by reactive resistance formula). For all 

components the impedance absolute values were measured at different frequency ranges and 

comparison of all meters measurement results with the laboratory meter was performed. 

Average deviation is presented in table 1. 

Table 1 
Compone

nt type 

Impedanc

e absolute 

range, 

kOhm 

Average relative deviation, % 

AD5933 ADUCM350 Meter based on 

resistance divider  

6…14 

kHz 

40…60 

kHz 

6…14 

kHz 

40…60 

kHz 

6…14 

kHz 

40…60 

kHz 

Resistors 2…10 2,0 1,9 0,5 0,5 43,4 - 

10…50 1,7 3,2 0,7 3,3 3,0 60,0 

> 50  1,9 22,5 12,4 - 23,7 25,6 

Capacitor

s 

2…10 3,6 3,8 1,7 2,1 20,0 - 

10…50 5,5 8,0 15,6 8,1 23,3 25,2 

> 50  26,7 29,9 - - - 25,3 

It should be noted, that prototypes accuracy characteristics differ from each other not only 

in depending on the measuring value range and the generated signal frequency, but also on the 

component type: deviation increase was noticed during capacitor impedance measurements. 

Performed tests showed, that the least deviation (less than 2%) was reached in the 

impedance absolute values range from 2 to 10 kOhm when the AD5933 and ADUCM350 

impedance meters were used at the frequency from 6 to 14 kHz. For the frequency range from 

40 to 60 kHz deviation is not higher than 2% for the lower frequency range and 3% for the 

higher range. However, it should be noted, that these results are valid for samples with ohmic 

resistance. For samples with only reactive resistance, the deviation is a little higher than 2% 

for lower impedance values (from 2 to 10 kOhm) for the ADUCM350 impedance meter. 
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uvvwxyz{| }w }~�} x~���}� }�~ �~�} �~x�wx��{v~ ��� the ADUCM350 meter, as it provides 

the least deviation from reference values for ohmic as well as reactive impedance component 

(taking into account capacitor  measurements at high frequencies results). The AD5933-based 

meter development is possible when using it for at low frequency range measurements or with 

less accuracy requirements. The worst results showed the resistance divider meter. Therefore 

it was concluded, that the best impedance meter for INR determination is the ADUCM350 

meter. 
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Current source for electrical impedance devices

Y.A. Stryzhak
1

1.  Biomedical Engineering Department, Bauman Moscow State Technical University, 5, 2d Baumanskaya str., 

Moscow 105005, Russia 

A current source is one of the key components in an electrical impedance system. Typical 

applications of electoimpedance method in medicine, particularly in military or sports 

medicine require a high quality reliable current source [1]. The main requirement imposed to 

the current source is a high output impedance at a certain frequency that provides steady 

current supply to the electrodes throughout bioobject impedance range. 

Formed following technical requirements to the current source for military and sports 

electrical impedance devices: 

• $�F����$�G���H$I�

• 1�F�����-=?I�

• J,��F���D�����KI�

•  ���J��
�F����-KI�
where: A – probing alternating current amplitude, f – probing alternating current 

frequency, Zbo – base impedance of bioobject, Min Zout – minimal boundary of output 

impedance. 
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�� ������ ¡ ¢£¤�¤ ¥�¦§¨ ©¤ª ¥�« ª�¬¬¤�¤�© �§��¤�© ¥ource circuits: circuit on two 

Operational Amplifiers (OpAmp), GIC (general impedance converter), Howland circuit, 3 

circuits on Instrumentation Amplifier (IAmp) AD8130, circuit on IAmp LTC2053 [2, 3]. For 

each circuit was plotted dependence relative current change vs load resistance that is bioobject 

impedance at constant power supply according to equations (1), (2) (Figure 1). 

Iload = I0IZout/( Zout + Zload) (1)  

Zout = IloadI Zload/(I0 - Iload) (2)  

where: Iload – current value at load resistance, I0 – current at zero load. 

­®¯° ± Relative current change vs load resistance. 

Among all circuits, Howland circuit provides the most stable current at different values of 

load resistance. Therefore, we give dependence output impedance vs voltage supply 

frequency for Howland circuit (Figure 2). At 100 kHz output impedance is around 15 kM that 

is less than the required minimal boundary, but enough. 

Next, we focus on the problem of common-mode signal. In a four-electrode measurement 

method, contact resistance of current electrodes and skin introduces a common-mode voltage 

at IA inputs that hides the differential voltage [4]. Standard current source circuit provides 

unipolar sinusoidal voltage supply from the DAC. One current electrode connected to the 

ground (GND) of the OpAmp. The value of the common-mode voltage is evaluated relative to 

this GND and is about 2.5 V. However, the CMRR value of IAmp at the required frequency is 

not enough. 

So then, we provide bipolar current source circuit that initially gets rid of the common-

mode voltage appearance. The main thing is that the DAC generates two sinusoidal signals in 

phase opposition that supply current source. Such circuitry was assembled symmetrically on 

Howland circuit and was simulated in MicroCap (Figure 3). 
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ÂÃÄÅ Æ Output impedance vs voltage supply frequency for Howland circuit. 

ÇÈÉÊ Ë Output impedance vs voltage supply frequency for Howland circuit. 

A comparative analysis of the dependence output impedance vs voltage supply frequency 

for classic and bipolar Howland circuits is done (Figure 4). 

ÇÈÉÊ Ì Output impedance vs voltage supply frequency for Howland circuit. 
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ÝÞ ßàà áâãä åæÞçæÞ èéçêëìíîê åï ðèçåñìò âåóñìíë îèòcuit is 8 times higher than that of 

classic Howland circuit. Thus, proposed bipolar Howland circuit corresponds to the current 

source requirements. 
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Transcranial electrical stimulation (tES) is a form of noninvasive brain stimulation using a 

weak electrical current to modify cerebral excitability [1]. It could be done by using the scalp 

electrodes to stimulate the interest brain area. There are several variations of tES, such as 

direct current stimulation (tDCS), alternating current stimulation (tACS) and random noise 

stimulation (tRNS) [2]. The tDCS procedure shifts the resting potential of cortical neurons 

causing the membrane to depolarize or hyperpolarize [3]. In case of anodal stimulation, 

depolarization increase spontaneous cell firing, improving excitability of target zone. Cathode 

stimulation causes the opposite effect. 

There are a lot of studies reported about significant effects of the brain stimulation for a 

range of neurological and psychiatric ills, such as depression or schizophrenia [4,5] and 

modification of visual, motor, cognitive functions, etc. 

Fig. 1 Circuit diagram of adjustable current source based stimulation device 
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 for tES. There are many commercially 

available devices differing in complexity, operating modes and price. The simplest one 

represents just an adjustable current source with battery power supply (figure 1). This kind of 

device should not be recommended for clinical purposes, but it is widely used by young 

researches as tDCS device for cognitive brain function stimulation. 

Stimulation device for medical use must meet the safety and essential performance 

requirements according to IEC 60601-1 and IEC 60601-2-26. Modern clinical devices are 

able to combine tDCS, tACS and tRNS kinds of stimulation. Maximum amount of stimulation 

channels of commercially available devices is limited by 16, while the upper frequency of 

tACS mode does not exceed 1 kHz sample rate. 

Conventional tES devices use high voltage analog switches for commutation the current 

source on stimulation leads. Current source is controlled by digital-to-analog converter, 

whereas AC-mode realized by changing current source operating mode. 

The main purpose of this study is to develop a multichannel medical device that combines 

both biological signal acquisition and high-speed tES functions. This paper describes benefits 

of using programmable current switches (PCS) for tACS mode management. 

Precision current source with 32 V reference voltage is used for constant current 

generation. High voltage MOSFET current switches are used for current source direct 

commutation to EEG outputs (stimulation leads). Field-Programmable Gate Array (FPGA) 

circuit operates both current source and current switches operation state. Being reprogrammed 

each time before starting of stimulation procedure, FPGA controls digital-to-analog converter 

(DAC) values allowing specify custom stimulus shape. During the stimulation, at the moment 

of intersection the zero level of specified current, FPGA inverts the control levels of current 

switches. Thus, anode becomes the cathode and vice versa. 

Figure 2 shows the simplified circuit diagram of programmable current switches. Presence 

of feedback line using analog-to-digital converter (ADC) allows impulse value and shape 

control during the stimulation as well as the value of stimulus current for each electrode. 

Presence of separate analog acquisition module allows the use of this device also for the EEG 

signal acquisition for the analysis. 

Fig. 2 Simplified circuit diagram of programmable current switches 

The main advantage of this approach is obtaining combined device for both EEG 

acquisition and tES procedure, extension tACS frequency range up to the bound of sound 
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f"#$%#&'(#)* +&, f(&+--.* /0# 1"('# "#,%'/(2& ,%# /o implementation of widely used electronic 

components. Table 1 shows a short list of device technical specification. 

Tab. 1 List of technical specification 

Characteristic Value 

EEG DC monopolar channels 32 

EEG dynamic range  ±400 mV  

EEG channel’s input 

impedance  

more 100 MOhm @ DC  

EEG channel’s noise  less 0.9 uV p-p (0.15 RMS) @ 0,1..30 Hz 

Digitalization 

24 bit, 6th order delta-sigma modulator with 

64x oversampling, one converter per each 

channel 

Sampling rate 250 .. 50000 Hz 

Number of stimulation 

channels 

33 

Current generator 16 bit, Direct Digital Synthesis (DDS) 

Output current ranges in DC 

mode  

0 .. 400 uA, 0 .. 4000 uA  

Output current ranges in AC 

mode  

±400 uA, ±4000 uA  

Output voltage of current 

generator  

0 .. 32 V  

REPEAT MODE: standards 

stimulus 

DC, Sine, Square, Trap, Ramp, Sin(x)/x, 

Gauss, Lorenz, Haversin, Exp, White Noise 

REPEAT MODE: repeating  up to 20 kHz 

Currently the stage of making the work prototype has been finished. The next step is 

appropriate software development. 
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nanoparticles 

P.V. Shalaev, S.A. Dolgushin, S.A.Tereshchenko 

 National Research University of Electronic Technology, Russia, Moscow  

Nanoscale particles and structures are widely used in various fields [1]. For example, 

nanoparticles are used for the cancer cell imaging and the photothermal therapy, the targeted 

delivery of drugs, the detection and the control of microorganisms. Among a plurality of 

nanoparticles, non-spherical nanoparticles, such as gold nanorods are very interested [2]. 

There is a problem to measure geometrical parameters of non-spherical nanoparticles. To 

date the most used method for the nanoparticle shape study is the electron microscopy. 

Despite of very detailed and sharp images, the electron microscopy method has some 

significant drawbacks. The main of them is the number of particles which may be analyzed 

with micrographs. This number seldom exceeds few hundreds, while one milliliter of the 

typical colloid contains several billions of nanoparticles. In addition, a fundamental restriction 

is the aggregation of particles in the sample preparation process. 

The methods based on the light scattering allow analyzing nanoparticles in a colloidal form 

without the sample preparation are most suitable for the express analysis in technological 

processes. In the method of the dynamic light scattering (DLS) the time correlation function is 

measured, which allows to find the diffusion coefficient and the radii of spherical 

nanoparticles. All existing devices are based on the assumption of nanoparticles spherical 

shape. The measurement of geometrical parameters for non-spherical particles is essentially 

more difficult. 

One of the ways which allow determining the geometric parameters of non-spherical 

particles is the measurement of the polarization characteristics of the scattered light [3]. 

WXYZ [Z Gold nanorods: a) transmission electron micrograph of a sample; b) particles aspect 

ratio distribution in the sample 

A number of experiments were carried out to study the light depolarization in liquid 

dispersions of nanoparticles. In our experiments, the measurement of the scattered light 

intensity was made for different scattering angles and for different rotation angles of the 

polarizer. The maximum light intensity corresponds to 0° (VV-polarization) and the minimum 

light intensity corresponds to 90° (VH-polarization). The diode laser with a wavelength 657 

nm was used. The measurements were carried out using the particle size analyzer "Photocor 

Complex" (Russia). The ratio of VH-intensity to VV-intensity (depolarization ratio) of 

scattered light was measured. 
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mnopqrs tu vtqw xnxtytws zn{ry w|sprys|txs z|{} nspect ratios ranging from 2 to 10 were 

studied. The geometric parameters of the samples were previously studied by TEM (Fig. 1). 

As a result of the analysis of TEM images, it was found that particles have a spread of the 

aspect ratios (Fig. 1 b). Each sample characterized by the average aspect ratio. It was also 

found that there are quasi-spherical impurities in the sample (Fig. 1 �). Moreover, the samples 

with bigger average aspect ratio contain more quasi-spherical impurities. This is due to the 

specifics of nanoparticles synthesis. 

The studied samples of liquid dispersions have different concentrations of nanoparticles. 

The dependence of the scattered light intensity (Fig. 2 a) and the depolarization ratio (Fig. 2 

b) on the concentration was studied. 

~��� �� The dependence of the scattered light intensity VVI  for VV-polarization 

and VHI  for VH-polarization (a) and the depolarization ratio dP  (b) on the volume 

concentration $  of the initial dispersion of nanorods in the diluted dispersion 

As seen in Fig. 2a, the scattered light intensity VVI  for VV-polarization and VHI  for VH-

polarization sharply increases, then reaches maximum and then decreases when particle 

concentration increases. The scattered light intensity near linearly increases at the low 

concentration of nanoparticles. For bigger concentration of nanoparticles in the dispersion, the 
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�������� ����������  �����¡ �� ¢�������� �£� ������ity of the singly scattered light reaching the 

detector. Further increasing of the nanoparticles concentration leads to the near linear 

decrease of the scattered light intensity. At the same time, as shown in Fig. 2 b, the 

depolarization ratio dP  remains almost constant. 

Therefore, samples of gold nanorods water dispersions with different concentrations can be 

compared by the depolarization ratio. 

The depolarization ratio is almost independent on the scattering angle. 

The depolarization ratio was measured for nanorods dispersions with different aspect 

ratios. As a result, the following dependence of the depolarization ratio on the average aspect 

ratio was obtained (Fig. 3). 
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Fig. 3. The dependence of depolarization ratio of the light scattered in liquid 

dispersions of nanorods on the average aspect ratio

For spherical particles, the depolarization ratio of the scattered light is equal to zero. For 

non-spherical particles (nanorods) the depolarization ratio is not equal to zero. The 

depolarization ratio increases with the increasing aspect ratio. As seen in Fig. 3, there is a 

decrease of depolarization ratio for the samples with average aspect ratio greater than 5. This 

can be explained by the presence of quasi-spherical impurities. The presence of spherical 

impurities in the dispersion increases the contribution of the polarized part in the scattering 

intensity, whereby the depolarization ratio is reduced. 

As a result, the influence of the nanoparticle shape on the depolarization ratio of the 

scattered light was demonstrated. To describe the obtained results a new empirical model was 

developed. This model allows calculating the depolarization ratio of the light passing through 

the liquid dispersion of randomly oriented nanorods. The model takes into account the particle 

aspect ratio distribution and the presence of quasi-spherical impurities. 

Obtained results can be used to develop new methods for the determination of geometric 

parameters for non-spherical particles by the measuring of the depolarization ratio for the 

scattered light. 



¥¦§¨©ª« ¬ ­ ®©ª¯¦°©§±² ¦«³©«¦¦´©«³ ±«° ®©ª¯±¨¦´©±²¥

  

12th Russian-German Conference on Biomedical Engineering                                              Suzdal, July 4-7 2016   

306 

µ¶·¸ ¹º»¼ ¹½¸ ¾·¿½¿À·½ÁÁÂ ¸ÃÄÄº»ÅÆÇ ÈÂ Å¶Æ É·¿·¸Å»Â of Education and Science of the 

Russian Federation (agreement � 14.575.21.0090, identifier RFMEFI57514X0090). 

References 
[1] Nanoparticles in Biology and Medicine, ed. M. Soloviev, Springer Protocols, vol. 906, 2012. 

[2] B.N. Khlebtsov, V.A. Khanadeev, J. Ye, G.B. Sukhorukov, N.G. Khlebtsov “Overgrowth of gold nanorods 

by using a binary surfactant mixture,” Langmuir, vol. 30, pp. 1696–1703, 2014.  

[3] S.A. Dolgushin, I.K. Yudin, V.A. Deshabo, P.V. Shalaev, S.A.Tereshchenko, “Depolarization of light 

scattered in water dispersions of different shape nanoparticles,” Biomedical Engineering, vol. 49, pp. 394-397, 

2016. 

Development of a biotechnical system for rehabilitation of 

patients with cerebrovascular disturbances 

I.Apollonova, V. Stpankevich 

Bauman Moscow Technical State University, Moscow, Russia 

The challenges of prevention and rehabilitation of  myocardial infarct and stroke, 

along with other diseases having negative impact on physical activity, are of increasing 

relevance in the world today. 

This article presents a solution to this challenge through development of a biotechnical 

system for rehabilitation of patients with cerebrovascular disturbances, at hospitals and at 

home. The key feature of this design is that it allows to assess the physical activity of the 

patient and ability to restore the skills necessary for independent accommodation. Key 

features of this system also include easy access due to the ease of control and low price, in 

comparison with the analogues, fast setup and launch, installation of the software on home PC 

with Windows 8 and higher, with USB 3.0.    

The physiological parameters of the patient require control during trainings to avoid 

overwork and recrudescence. A heart-rate monitor is also included for the assessment of the 

functional condition of the patient.  

The general view of the system (Fig. 1) includes 4 modules: Kinect 2.0 motion sensor, 

adapter for PC connection, personal computer and heart-rate monitor. 

Ê·ËÌÍ ÎÆ¿Æ»½Á Ï·Æ¹ º¾ Å¶Æ È·ºÅÆÀ¶¿·À½Á ¸Â¸ÅÆÐ

A movement standard needs to be created before starting the algorithm of comparison 

of movement standard to the movement performed by the patient. Recording and processing 

of movement is done via the SDK Kinect program. At the first stage the standard is registered 

for the studied movement. After recording the video clip is processed according to correctly 

and incorrectly performed gestures. After its processing the standard is ready to comparison to 

the movement carried out by the patient and the further analysis. "The correct performance of 
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áâã äåæãäãçáè éêëáêçìíêëâãé êç áâã ëáîçéîïé îððåñë the system to deliver the information to 

the consulting physician more precisely. 

The created model of the person in polar coordinate system is presented in Fig. 

2:

òêìó ô õåéãð åö áâã ÷ãïëåç êç ÷åðîï øååïéêçîáã ëùëáem 

It shows the nodal points, these points and rotation angles (polar and azimuth) denote position 

of every part of the model. 

At the recording of the standard, the system registers the change of position of the 

model and location in space in each time point. When the patient performs the recorded 

standard movement, the program superimposes the listed above model parameters on the 

model of the standard movement. 

The following diagram is the direct result of this analysis ( Fig. 3): 

òêìóú ûâã éêîìïîä åö äåáêåç ïãøåìçêáêåç
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T��
 ������� �� ������ ����

���� ��
��������� ����nstrates how well the system 

������� �� ��m����
� ��� �������� �� ��� ���
�� �� the current moment. 

T�� ��������� �� ������� ������
��m
 �
 ��� ����� �ng (Fig. 4):

F��! " #�����
��m
 ���������

The rehabilitation process is performed according to the algorithm and includes, 

besides the system and the patient, the instructor and the consulting physician.   

In the long term it is planned to add a system for clinical use with a mobile adjustable 

support with Kinect 2.0 motion sensor for better capture of exercises performed by bed-bound 

patients.    

The analysis of the challenge demonstrated that the speed and efficiency of motor 

skills recovery depends on the early start of exercises. 
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]^_`abcbdefgb hdhijefe ^k lnio p^_`^efqbe fdqbadhi structure 

made from a dispersion of carbon nanotubes and bovine serum 

albumin by X-ray microtomography 

D.Ignatov
1
, N.Zhurbina

1
, A.Guzenko

1
, A.Gerasimenko

1

1.  National Research University of Electronic Technology, Bld. 1, Shokin Square, Zelenograd, Moscow, Russia 

Bioresorbable composites are widely used in tissue engineering. Composites should have 

porosity to replace lost tissues. The porous structure of composites provides sprouting of 

blood vessels. This requires control over the size of pore spaces and find the optimum 

combination of the reduction of a certain type of tissue. For this reason, a comprehensive 

analysis of the microstructure of the composite volume by X-ray microtomography was 

needed. 

Visualization of the structure of the samples was carried out without destroying the bulk 

composites and their pre-treatment using complex Scyscan 1174. Samples of the bulk 

composites were formed by laser ablation of an aqueous dispersion of bovine serum albumin 

(BSA) and single-walled (SWCNTs) and multi-layer (MWCNTs) carbon nanotubes. Different 

types of irradiation laser was used: pulse and continuous (pulse repetition frequency of 80 

MHz, 140 fs pulse duration), but at the same wavelength - 810 nm. Samples 1 and 2 formed 

on the basis of SWCNTs and MWCNTs, respectively. Their irradiation was carried out by a 

femtosecond laser. Samples 3 and 4 consisting of SWCNTs and MWCNTs, were irradiated 

with a continuous laser. 

The best resolution X-ray micrographs achieved for the following parameters of the 

experimental complex: the power of the X-ray tube current (20-30 kV) X-ray tube voltage 

(400 mA), shutter speed X-ray camera (2000 ms), the camera resolution (smaller pixel size - 

1304x1024 on the projections) rotation step (0.1 deg - about 3500 projections). 

The picture quality is improved by averaging several shadow projections in one angular 

position. Reduced quantities of ring artifacts in the reconstruction was performed with the 

random movement of the sample relative to the rotational axis. Removing zero background 

before scanning was due to update the state of the light field. 

For slicing of bulk composites was carried out the reconstruction of their shadow 

projections for the following parameters: 

• the final alignment of the shadow projections for sample displacement compensation during 

scanning; 

• hardening correction to compensate for the X-ray beam hardening effect; 

• correction ring artifacts in order to reduce the appearance of ring artifacts and camouflage 

pixel defects; 

• Smoothing tomograms for reducing signal noise in the shadow projections. 

In the two-dimensional and three-dimensional visualization was performed. Figure 1a 

shows a large number of cavities in the sample 1. This can be explained by a high-energy 

single laser pulse and inhomogeneous preparation of the initial dispersion. Because SWCNTs 

form conglomerates intricate and difficult to disperse carbon nanotubes. For sample 2, the 

number and size of the cavities is much reduced, but remained (Figure 1b). High homogeneity 

was obtained for a sample 3 (Figure 1c). Sample 4 looks quite homogeneity with a minimal 

number of cavities (Figure 1d). 
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� d 

Fig. 1 Slices the shadow projections of bulk composites: a - sample 1, b - Sample 2, c - 

sample 3, d - Sample 4. 

To perform quantitative analysis allocated volume of interest (VOI) on the tomograms. 

Selecting the VOI was carried out at the site of the most homogeneity of composite. Then we 

conducted an analysis of the parameters of the VOI (Table 1): total volume of the VOI (the 

3D volume measurement is based on the marching cubes volume model of the VOI), object 

volume (total volume of binarised bulk composite within the VOI), percent object volume 

(the proportion of the VOI occupied by binarised bulk composite), number of closed pores, 

volume of closed pores (total volume of closed porosity within the VOI),  percent closed 

porosity (the proportion of the VOI occupied by closed porosity), volume of open pore space 

(total volume of open porosity within the VOI), percent open porosity (the proportion of the 

VOI occupied by open porosity), total volume of pore space (total volume of pore space 

within the VOI), percent total porosity (the proportion of the VOI occupied by porosity), 

average diameter of pore. 
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��� ���� ����������� ��� ¡� �� �¢ ��� �£�¤¥� � ���¦ out for the bulk of the MWNT 

composites irradiated by continuous laser. The average pore diameter for the SWCNTs 

samples is 20-30 nm and for the MWCNTs totals almost two times higher (35-40 nm). 

Parameter Unit of measure Sample 1 Sample 2 Sample 3 Sample 4

Total VOI volume mm
3
 1.44 7.46 11.17 7.93 

Object volume mm
3
 1.13 4.55 6.78447 3.54 

Percent object volume % 78.73 60.93 60.69 44.72 

Number of closed pores 1498 6343 3110 62376 

Volume of closed pores mm
3
 0.007 0.005 0.038 0.009 

Percent closed porosity % 0.64 0.11 0.56 0.24 

Volume of open pore space mm
3
 0.33 2.91 4.35 4.37 

Percent open porosity % 20.78 38.96 38.95 55.18 

Total volume of pore space mm
3
 0.31 2.92 4.39 4.38 

Percent total porosity % 21.29 39.06 39.33 55.29 

Average diameter of pore nm 28.81 23.04 39.41 35.79

Table 1. Quantitative analysis of three-dimensional tomograms bulk composites samples. 

Thus, a comprehensive analysis of bulk composites was carried out by X-ray 

microtomography. Reconstruction of images for shadow projections, two-dimensional and 

three-dimensional visualization and quantitative analysis allowed estimate the homogeneity, 

percentage of open and closed pore spaces in bulk composites. As a result, it was found that 

SWCNt bulk composite in an aqueous albumin matrix formed by using a continuous laser has 

the highest homogeneity. This sample has excellent mechanical properties: hardness 

nanoscale reached to 370 MPa, the elastic modulus to 4.2 GPa, and elastic recovery previous 

form after indenter puncture to 40%. The material in the solid phase state after laser 

irradiation weighed 0.147-0.153 g, while the density was 1.24 - 1.28 g / cm
3
. For comparison, 

the hardness of the human porous bone is 500 MPa at a density is 1.930 g / cm
3
. 

Consequently, bulk composites can be used in tissue engineering bone. This work was 

provided by the Ministry of Education and Science of the Russian Federation (Agreement 

14.575.21.0044, RFMEFI57514X0044). 

Automation hemodynamics assessment of blood 

E. Shachneva
1

1
Federal State Educational Institution of Higher Education «Penza State Technology University», Russia, Penza

Hemodynamics (from the Greek. Haima- blood and dynamis-force), the science of the 

movement of blood through the vessels. In its basic provisions of hemodynamics. uses the 

laws of fluid dynamics, the science of fluid motion at all, but the conditions of the natural 

circulation are so complex and the nature of the blood flow through the vessels is dependent 

on so many variables that the laws of hydrodynamics suitable for the living organism only 

within certain limits, with great limitations, and can only be used for approximate orientation 

[1]. 

At the moment, there are many systems for the analysis of blood components and 

devices for automatic collection of blood components, as well as devices and methods for 
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·¸¹º»¸¼º¹½ ¾¹¿ ÀÁ¾ÂÃ¾»º¹½ ÄÀ·¸¿Å¹¾·ºÆ ÇÂ¸¸¿ Æ¸¹¿º»ºon. But the process of blood collection 

and control of blood donor and hemodynamics in patients not sufficiently automated. 

Currently, in most cases, the blood picks up don a medical worker, which itself controls the 

process or using the blood separator. 

This article considers the possibility of using standard data-measuring systems using the 

ultrasound transducer to automate the process of blood sampling of the patient or donor, as 

well as blood transfusion process. 

Block diagram of information-measuring system is shown in Figure 1. 

2Y� - blood sampling device;  2%! - universal conversion unit; �X! - analog-to-

digital converter,  

13� - electronic computer 

Figure 1 - Block diagram of information-measuring system 

It is proposed to use this system in the patient's blood drawing, thereby reducing the 

time to make recordings, and also using an ultrasonic flowmeter to control the process of 

blood sampling. 

Consider the principle of ultrasonic flowmeters. The principle of operation is based on 

measurement of an effect, which occurs when passing acoustic waves through the flow of the 

medium. Ultrasonic flow meters include, based on the displacement of the acoustic 

oscillations moving medium, and converters based on the Doppler effect [2]. 

The most common flow meters found, based on the measurement of the time difference 

or the rate of passage of acoustic waves directed downstream and upstream. Such flow meters 

are used for measuring the flow of liquids and gases. The main requirement for the measured 

acoustic environment is its permeability. 

As emitters and receivers of acoustic vibrations of piezoelectric used. Under the 

influence of the acoustic oscillations is compressed - the expansion of the crystal, electric 

charges are formed on its surface. Work receiver acoustic oscillations is based on the direct 

piezoelectric effect of the radiator - at the inverse piezoelectric effect: when applied to the 

surfaces of the crystal alternating voltage piezo will expand and contract, exciting 

environment in the measured acoustic waves [3]. 

The emitters and receivers of acoustic vibrations are arranged at an angle to the pipe 

axis. The first ultrasonic flow transducers were performed with two acoustic channels. Most 

modern ultrasonic transducers run single channel. The piezo elements alternately perform the 

function of the radiator and receiver. First acoustic waves from the transducer are sent 

downstream and are perceived by the receiver. Then the receiver becomes emitter, acoustic 

waves from the transducer are directed against the flow and are perceived by the receiver. 

The operating principle of the measuring system, ultrasonic transducers are divided into: 

1) transit-time; 

2) Frequency-pulse; 

ÈÉÊËÌÍ ÎÏÐ ÎÑÒ ÓÔÒ ÕÖ×
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ðñ Differential phase. 

During transit-time converters is a direct measurement of the time of passage of short 

pulses from the transmitter to the receiver, designed for upstream and downstream. 

The travel time pulse from the emitter to the receiver when the current direction: 
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where T1, �2 - transit time of acoustic vibrations directed downstream and upstream; 

L - is the length of the acoustic channel; 

c - the speed of sound in the measured medium; 

vL - the average speed of the medium along the length of the acoustic channel; 

" - angle of inclination of the acoustic channel. 

.
cos2 21

21

TT

TTL
vL

−
⋅=

α

(3) 

In the pulse-frequency converters are alternately fed a series of short pulses, directed by 

and against the flow. If the acoustic signal arrives at the receiver is sent the next pulse, etc. 

There is a sequence of pulses, the frequency of which is inversely proportional to the time of 

the pulse from the transmitter to the receiver [3].

The difference frequency pulses directed upstream and against the current, determined by the 

speed of the medium. 

The speed of acoustic waves directed flow: 
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Acoustic vibrations speed against flow: 
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F��� �����

f
L

vL ∆=
αcos2

(9) 

The differential-phase inverters measured phase shift difference of ultrasonic vibrations 

occurring when passing the receivers oscillations downstream and upstream: 

,
cos2

2
2 Lv

c

L
Tf

αω
πϕ =∆=∆

(10) 

where ϕ∆  - the difference between the phase shifts; 

T∆ - the difference in propagation time of acoustic oscillations, and directed against the 

flow; 

f  and ω  - the frequency and angular frequency of the acoustic oscillations. 

The differential phase input converters depends on the velocity of sound in the medium. 

To eliminate the error caused by the change in the velocity of sound in the medium. To 

eliminate the error caused by the change in the speed of sound, it is necessary to introduce 

special compensation scheme. In transit-time and pulse-frequency converters the output is 

virtually independent of the sound velocity. The presence of this delay time is determined 

depending on only the signal in the electronic-acoustic path, the non-passage of the signal in 

the fluid [3]. 

Analyze the features of the application of ultrasonic transducer with the process of 

blood sampling. The information-measuring system, one of the components is ultrasonic 

inspection, which includes an ultrasonic transducer and a blood vessel. quantity measurement 

range by using ultrasonic testing blood from 0 to 1000 ml. Calculation of SP produced 

specifically for such a range, since the maximum blood volume which can be collected from 

the donor is equal to 600 mL and a venous blood loss of 1000 ml may badly affect the human 

health [5]. 

The process of blood collection using this transducer, can take place as follows: in 

human vein needle is inserted, it is fastened silicone tube further transducer (within which 

there are 6 sources and receivers, each of which is disposed at an angle of 60 degrees), after 

passing blood through converter, it enters the vessel, whose volume is 1000 mL, from above 

the receptacle pump which pumps blood from a vein. 

Since the speed of blood is approximately 6-14 cm / s, the speed of blood withdrawn by 

laboratory analysis should be in the aisles of 0.2 cm / s and 1.3 cm / s - it is necessary to 

oxygen and other necessary in the process of life substances supplied to vessels and the brain 

[4]. 

The block diagram of the measuring fluid flow transducer for laboratory analysis. Chose 

the type of conversion: ultrasound, as this type of transformation is the most secure and 

provides the most accurate measurements compared to other principles of transformation [5]. 

On the presented structure (Figure 2) shows the scheme of action transducer principle. 

0 - generator !1!1,2 - piezoelectric transducer, %D - a biological object, 72 - shaping 

power 

Figure 2 - Block diagram of the ultrasonic transducer 
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T� "#$&'()*+, $&'*(-", & ($'&$( .+$� $� & ,$'*/"#ar pulse generation via pulse 

generator G. The signal produced by the generator is transmitted to the piezoelectric 

transducer PEP1, PEP2 a signal BO goes to the bioobject. In case of BO signal is distorted, 

then the distorted signal is applied to PEP2. To return to the previous form of the rectangular 

signal pulse shaping amplifier used FU. It begins the process of measuring the values of f and 

- f, after the measurement converter is shut down. [6]

In this article the possibility of applying the standard information-measuring systems 

using ultrasonic transducer for automated blood sampling process and evaluating 

hemodynamic blood condition in a patient or donor on the basis of the analysis operation of 

the converter can be concluded that the use of such systems is possible [7]. 
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