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Introductory Words from the Editorial Board

The Russian Bavarian Conference on Biomedical Engineering (RBC) was founded 2005 in Munich.
Thereafter, the conference established itself as a fruitful information exchange platform for resear-
chers from Russia and Germany. The conference location alternated equally between cities in Russia
and the southern part of Germany. After the successful 8th RBC conference in Moscow the steering
committee decided to broaden the focus and establish a new conference: the Russian German Con-
ference (RGC) on Biomedical Engineering. The goal is to serve as meeting point for information ex-
change and as venue for initiating bilateral Russian German research projects within the conference?s
scope. The first RGC on Biomedical Engineering took place in 2013 Hanover, Germany. Then, follo-
wing the idea of an alternating conference location, the 10th RGC took place in 2014 in St. Petersburg,
Russia. In 2015, the 11th RGC came to Aachen, Germany, for the first time, and, finally, the 12th RGC
has been held in Suzdal, Russia, in 2016.

This year, we are very happy to welcome all participants to the 13th Russian German Conference
on Biomedical Engineering in Aachen, Germany. In 2018, the RGC will be jointly held together with
the 11th International Conference on Bioelectromagnetism (ICBEM) hosted by the Philips Chair for
Medical Information Technology (MedIT) at RWTH Aachen University. Both conferences follow the
idea to provide a platform for researchers all over the world to share their experience regarding their
work in the broad field of biomedical engineering. Therefore, we would like to thank all participants
contributing to RGC & ICBEM 2018 with their research and hope the conference to be a great expe-
rience for all participants.

The Editorial Board:
Prof. Sergey I. Shchukin,
Prof. Steffen Leonhardt
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Introduction 

The electrical conductivity (  in units of S m-1) of an elec-
trolyte is determined by the concentration and mobility of 
its ions. Therefore, the electrical conductivity of the cell 
interior should provide information about the state of the 
ions within the cell, i.e., whether or not they are free mov-
ing or bound by ion exchanger mechanisms to components 
of the cytoplasm such as proteins. It is a key measurement 
for dielectric studies on cells. One of the most thoroughly 
investigated cells is the red blood cell of mammals. This 
cell exhibits a simple architecture, and its composition of 
proteins and lipids is well known. Pauly and Schwan, 
(1966) measured the internal conductivity of erythrocytes 
and found a value of 0.518 S m-1 at 25 oC (  0.518 S m-

1). They concluded that the internal conductivity is largely 
due to the inorganic ionic content composed primarily of 
K+, Na+, Mg++, Cl-, and HCO3

- whose concentrations are 
relatively easy to measure experimentally. The concentra-
tion of ions of haemoglobin due to their net charge was re-
ported to be +45 mmol charge/l (cell H2O) from a total 
concentration of haemoglobin of 7 mM (cell H2O) and so 
the mean effective +ve charge per haemoglobin molecule 
was +6.4 (Pauly and Schwan, 1966). The calculation of cy-
toplasmic conductivity from the ionic concentration of ions 
present in the cytoplasm multiplied by their limiting ionic 
conductance according to Kohlrausch’s law gave a value 
of  = 1.45 S m-1 which is 2.7 times higher than that ob-
tained from experimental measurements by Pauly and 
Schwan, (1966) (  0.518 S m-1). They concluded that 
the discrepancy between ideal specific conductivity and the 
measured value was due to the ionic mobility being hin-
dered by cytoplasmic viscosity (Pauly and Schwan, 1966). 
However, since most mammalian cells regulate their vol-
umes, after the initial passive swelling (stomatocytogenic) 
or shrinking (echinocytogenic) as a result of changes in the 
bathing electrolyte and/or temperature, cells usually return 
to a near-normal volume (Glaser, 1979). Red blood cells 
quickly change their cell volumes because water moves 
quickly into them through water channel proteins called aq-
uaporins which do not allow charged ions to pass through 
them (Murata et al., 2000). Several mechanisms are involved 
in the slower process of adjusting their cell volume back to 
normal, in most cases involving the loss and gain of K+ and 
Cl- and to a lesser extent Na+(Glaser, 1979; Bernhardt, 1991; 

Parker, 1993; O’Neill, 1999). A perturbation of cell volume 

will certainly disturb the concentration of ions present in 
the cytoplasm as described by Glaser and Donath, (1984) 
and consequently cause the cytoplasmic conductivity to 
shift from the normal physiological state.  
 
In this investigation, the cytoplasmic conductivity of hu-
man red blood cells (HRBCs) at different temperatures was 
observed. The cell volumes and cell water contents in the 
cells were measured experimentally. The cytoplasmic con-
ductivity ( c ) was calculated according to the Debye - 
Hückel – Onsager equation combined with Walden’s rule 
(Laidler and Meiser, 1995) and its temperature coefficient 
was then estimated.  

Materials and Methods 

Red blood cells 
HRBCs were obtained from the blood bank (Suratthani 
Hospital, Thailand) and used within 3 days. The cells were 
first separated from the blood plasma by centrifugation at 
2000 g for 8 min. The supernatant plasma and buffy coat 
was removed. The sedimented cells were used for the 
experiments. 
Preparation of the cell suspension 
A 157 mM NaCl solution (300 mOsmol kg-1) containing 1 
mM Sodium Phosphate buffer (pH 6.8) was used to 
resuspend the cells and the conductivity of the suspending 
medium was adjusted to a conductivity of 1.48 S m-1. The 
standard conductivity of the bathing electrolyte 
suspensions at 20oC ( ) was measured in the temperature 
compensation mode ), where 

 is the measured conductance at temperature T (oC) in a 
constant temperature bath using a conductivity meter 
(Mettler-Toledo, Switzerland). 
Volume experiments 
The haematocrit volume (Hct) of the red-cell sediment was 
determined in haematocrit-capillaries by centrifugation at 
10000 g for 8 min (Cence, China). From the Hct, the 
amount of measuring solution was calculated that was 
needed for the dilution of 50 µl of the sedimented cells to 
a final cell concentration of 10% (v/v). The cells were in-
cubated in the measuring solution for 5 min and the Hct of 
the suspensions were determined by haematocrit-centrifu-
gation at 10000 g for 8 min. In parallel, the cell number 
was microscopically determined using a standard haemo-
cytometer (Improved Neubauer). From the cell count and 
the Hct after 5 min in suspended solutions, the mean cell 
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Introduction 

According to the WHO, inflammatory periodontal diseas-
es occur in 90-95% of the adult population and lead to 
pathological changes in the dentoalveolar system [1]. 
 
Diagnosis is more based on visual examination of the oral 
cavity and index evaluation of the soft tissue periodontal 
conditions and is subjective. In most cases, patients al-
ready diagnosed with signs of inflammatory diseases are 
diagnosed, diagnosis at an early stage of inflammation 
causes signific ant difficulties, since there are no 
clinical manifestations of the inflammatory process [2-5]. 
 
As a result of previous studies, the possibility of visuali-
zation of the foci of inflammation of soft periodontal tis-
sue (hereinafter  SPT) at an early stage has been estab-
lished [1-8]. 
 
The purpose of this study is the development and testing 
of an algorithm for the automatic detection of foci of in-
flammation in the IR images of SPT. In the course of the 
research, the following tasks were set and solved: 

 the effectiveness of segmentation algorithms is investi-
gated when inflammation foci are detected at various 
stages of the inflammatory process; 

 an assessment of the quality of the algorithm for auto-
matic detection of inflammatory foci on the IR images of 
SPT was carried out. 

 
Materials and Methods 

 
The study was carried out using a verified database of 150 
IR images of SPT at various stages of the inflammatory 
process, formed as a result of previous studies [7]. The 
Database contains of 20 IR images of Intact SPT, 70 IR 
images of the stage of the SPT early inflammation and 60 
IR images of the stage of the SPT severe inflammation.  
The choice of informative parameters of inflammatory 
foci is expedient to be carried out taking into account the 
laws of visual perception. High contrast of the object with 
the background is easier to perceive with the eye, which 
allows to identify the primary symptoms of the inflamma-
tory process on the IR images of the SPT. The contrast in 
its turn is due to the intensity differences in the image. 
Thus, to determine the distinctive features of the inflam-
matory foci, the parameters characterizing the spatial dis-

tribution of the energy of inflammatory foci in the IR im-
ages of the SPT are analyzed, see tab. 1. 
 

Table 1: Contents of the IR image of SPT database 

 The parame-
ter (pi) 

Formula for 

calculation 
Notation 

1 Average 
intensity N

i im I
N

I
1

1  
Ii  intensity of 
the i-th element 
of the image 

2 Selective SD 2

1
)(

1 N

i iI II
N

S

 
3 Coefficient of 

contrast at the 
border of the 
focus of in-
flammation of 
SPT 

minmax

minmax

II

II
Ca

 

Imax, Imin  the 
maximum and 
minimum mo-
des of intensity 

histogram 

4 Modulus of 
gradient on 
the border of 
the inflamma-
tory focus of 
SPT 

22
yx GGG  

Gx=dI/dx, 
Gy=dI/dy are 
the intensity 

gradients in the 
horizontal and 
vertical direc-
tions, respec-

tively 
5 The ratio of 

average in-
tensities o

m

I

I
r  

Io is the average 
intensity of the 

image 
 
In the course of the studies it was established that the IR 
images of the SPT at the stage of early and severe in-
flammation differ from intact tissues by the mean intensi-
ty Im, the selective mean square deviation SI, the contrast 
coefficient at the border of the inflammatory focus of the 
SPT Ca, the gradient modulus at the border of the in-
flammatory focus of the SPT G and the ratio average in-
tensities r, see tab. 2. 
 
Table 2: Values of informative parameters of inflamma-

tory foci on IR images of SPT 

 Param-
eters 

 

Intact              
tissues 

early in-
flammation 

severe in-
flammation 

1 Im   0,02 

2 SI  (7 1)10-3 (60 1)10-3 
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Introduction 

Burn injuries are one of the most important modern social 
and medical issue due to its prevalence, high death rate 
and considerable rate of temporary inability of working 
and primary disability [1]. Extensive burns cause huge 
losses of blood and weakness of the body therefore mak-
ing sick man vulnerable to the infections which lead to 
inflammation [2]. 

Electroaerosol therapy is one of the methods of burns 
treatment. Exposing the burn wound to negatively 
charged medical aerosol particles. Under the impact of 
negative charge, the improvement of absorbability and 
pharmacologic properties of medical aerosols is occurred. 
It is known that thanks to negatively charged medical aer-
osols the perfusion is increased that helps with regenera-
tion [3]. Moreover, electroaerosols have distinct bacteri-
cidal effect, they are able to inhibit the growth of various 
bacteria and fungi [4]. 

Unlike pharmacologic methods, electroaerosol therapy is 
less toxic and dangerous to body, and it is considered to 
be effective in burns treatment and allows considerably 
lower the dose of medicamental burden. 

The aim of this study is the research of flow rates of elec-
troaerosols in the workspace of the device of electroaero-
sol therapy. 

 
Materials and Methods 

workspace chamber, shown on fig. 1, was suggested. This 
model consists of air space (surfaces 5 and 6) between 
biological object (surface 7) and workspace chamber (sur-
faces 1 and 2), and ionizing electrode (surfaces 3 and 4). 

To compute this model, we did assume that the flow of 
electroaerosols is laminar, it is modelled as Newtonian 
incompressible fluid, there are no particle coagulation and 
recombination of charges. We consider that the velocity 
of particles and air flow are equal, and electroaerosols are 
water spheres.  

Flow rates of electroaerosols in workspace were comput-
ed using the following equations: 

  

, (1) 

; (2) 

where  consentration (mol/m3), D  diffusion coeffi-
cient (m2/s), z  mob  mobility in an 
electric field (s mol/kg), F  Faradey constant, R  reac-
tion rate constant (mol/(m3·s)); 

 Navier-  

, (3) 

, (4) 

where   velocity (m/s),  kinematic viscosity (m2/s),  

 density (kg/m3), P  pressure (Pa),   vector field of 

mass forces,   gravitational acceleration; 
 Electrostatics [7]: 

, (5) 

, (6) 

where   electric displacement field (C/m2), V  spatial 

charge density (C/m3),   electric field (V/m), V  elec-
tric potential (V). 
  

 
Figure 1: Geometrical model of device's workspace 

 
To compute the ratio of electroaerosol particles on the 

 surface the following equations of forces af-
fecting particles in the air flow were used [5, 6, 7]: 

  

, (7) 

Proceedings of the Russian German Conferencee
on Biomedical Engineering

7
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Introduction 

Testing of the different modes of surgical devices includes 
tests on autopsy material. In this case, the major limitations 
are difficult biological samples acquisition, the heteroge-
neity of tissue properties and the dependence of mechani-
cal properties on storage time and temperature. 
An alternative to testing on autopsy materials is the mod-
eling of surgical intervention. Modeling can be physical, 
analytical and computer-simulated. 
Computer-simulated modeling (finite element analysis) 
has the advantage of unlimited ranges of parameter 
changes in the study. However, the parameters for the anal-
ysis are rarely fully described for biological tissues. Also, 
the computer modeling is a solution to a simplified task, 
which do not reflect all processes occurring in a real oper-
ation. Analytical modeling offers investigation of mathe-
matical models of biological tissues, but the modeling of 
surgical exposure is also simplified. 
Physical modeling offers a possibility to study the effect of 
surgical intervention on the physical model of tissue (phan-
tom). The physical model simulates the target tissue. It is 
made from material that fits best the required criteria, for 
example the Young  modulus. Therefore, in tests on blood 
vessels, for example, it would be much easier to have a 
model that could mimic the physical vascular properties. 
A paper review of the values of the Young's modulus for 
various vessels and their layers showed that according to 
[1], the static Young's modulus of the coronary artery is 2.3 
MPa with a tensile pressure of 100 mm Hg. For the ab-
dominal aorta the Young's modulus lies in the range from 
0.1 MPa to 1.2 MPa at a tensile pressure from 1 mm Hg. to 
90 mm Hg. [2]. According to [3], the Young's modulus of 
the coronary artery in men, depending on age, lies in the 
range from 0.9 MPa to 5 MPa. For women, the range is 
from 0.9 MPa to 4 MPa. 
Physical models allow tests on large volumes of samples, 
in comparison with the autopsy material. Homogeneity of 
phantom properties increases the repeatability of results. 
The method of physical modeling allows to more accu-
rately estimate the influence on tissue comparing to analyt-
ical and finite element modeling. 
Materials used for physical modeling are often made by 
mixing two components: the main component (MC) and 
the supplementary one. When the ratio of MC in the mix-
ture changes, the mechanical properties of the model also 
change. In this paper, the criterion for the similarity of ma-
terial and biological tissue are mechanical characteristics. 
The main mechanical characteristic of the material is the 
Young's modulus, so the selection of the material is based 

on the correspondence of the Young's modulus to the real 
tissues.  
For some materials, there is a wide range of values. It is 
due to the dependence of the mechanical properties on the 
ratio of mixing components in it. Ranges of possible values 
of the Young's modulus for some materials are presented 
in Fig. 1. [4]  
 

 
 

Figure 1: Mechanical properties of phantom materials 
 
In [5] the Young's modulus for pure gelatin with concen-
trations of 25-30% was calculated. The range of values is 
0.07-0.1 MPa. In [6] the values of the Young's modulus for 
gelatin mixtures are 0.4 kPa for gelatin-water mixture, 0.8 
kPa for gelatin-water-sugar, 0.6 kPa for gelatin-water-
sugar-citric acid. 
In [7], there are dependences of the Young's modulus of 
gelatin and agar-agar on their concentrations 

1,870,349
gel

E , 
2,090,0034

agar , where C 

is the concentration in g/l of gelatin and agar-agar, respec-
tively. Although, the chosen ranges of concentrations were 
not justified and these equations are applicable only within 
these ranges. 
Taking into account the dependence of the mechanical 
properties on the ratio of mixing components, the most ac-
curate simulation of the mechanical properties of biologi-
cal tissue is possible by choosing the material of the most 
suitable concentration.  
It is useful to cover the widest possible range of material 
properties to be able to mimic any type of biological tissue 
using chosen materials. According to the data shown in the 
Fig. 1, it is wise to choose gelatin and silicone for the cur-
rent study. Gelatin is the most widely used material for 
physical models and therefore its mechanical properties at 
different concentrations are very useful to compare and re-
fine the results of other studies. PVA-C could also be used 
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Introduction 
Immunocytochemical (ICH) study has a great importance 
in the evaluation of some predictive and prognostic fac-
tors in breast cancer (BC). The degree of C-erbB-2 onco-
protein expression is important for BC treatment strategy 
choice, because C-erbB-2 is a receptor for HER2/neu epi-
dermal growth factor [6]. Overexpression of this oncopro-
tein is a risk factor of BC recurrence. The degree of mem-
brane staining (qualitatively from 0 till 3+) represents tu-
mor HER2 status in ICH study. 

Now tumor HER2 status is evaluated manually by oncol-
ogist, doctor should check about 100-200 images of the 
specimen before giving the final assessment. Thus, the 
automation of determining tumor HER2 status is an ur-
gent task, because it will allow to free an oncologist from 
routine work. 

Automatization of tumor HER2 status assessment is di-
vided into 2 subtasks: cells segmentation and automatic 
determining the degree of membrane staining. This work 
is devoted to the problem of cell segmentation. 

For classical methods of computer vision the problem of 
cell segmentation is difficult due to the frequent presence 
of erythrocytic background and non-cellular elements at 
specimen image. In addition, the process of feature engi-
neering for these algorithms is a time consuming and non-
trivial. We propose segmentation algorithm, based on 
deep convolutional neural networks (CNN), which are 
very popular in image processing [1,5]. Using this ap-
proach, we got better results, than using classical comput-
er vision algorithms.  

 
Materials and Methods 
Data 

As input data for training algorithm we used biomedical  
images, obtained by hardware-software complex "Gra-
nat". Each color image has 1600 pixels at vertical and 
1200 pixels at horizontal dimension. We prefer images 
with high and medium quality for manual segmentation. 
Images with bad quality were filtered from training da-
taset. 

Selected images from different patients were manually 
segmented by an expert. Thus, for each image in training 
dataset we obtain binary image mask with correct result 
of cells segmentation. Training set contains about 300 
manually segmented images. We use random crops and 
random angle rotations for training set augmentation. 

Baseline segmentation algorithm 

As a rule for algorithms comparison we need a simple al-
gorithm, that succesfully solves our segmentation task. 
After that we evaluate this algorithm and use these results 
as a baseline to construct algorithm with better quality. 
Baseline segmentation algorithm has the following steps: 

 image normalization; 

 adaptive histogram equalization; 

 Otsu binarization; 

 morphological operations (remove small holes, re-
move small objects, image opening); 

 connected components detection. 

Neural network approach for cells segmentation 
We train deep CNN with U-net like architecture for task 
of cells segmentation, because this architecture proved 
itself very useful for segmentation problems with limited 
amounts of data [4]. In general, the U-Net architecture 
consists of an encoder to capture context and a decoder 
that enables precise localization (Fig.1). 
The contracting path follows the typical architecture of a 
CNN with convolution and pooling operations and pro-
gressively downsampled feature maps. Every step in the 
expansive path consists of an upsampling of the feature 
map followed by a convolution [4]. Hence, the expansive 
branch increases the resolution of the output. In order to 
localize, upsampled features in the expansive path are 
combined with the high-resolution features from the con-
tracting path via skip-connections. 

We also employ batch normalization technique to impro-
ve convergence during training. As encoder we use VGG-
11 CNN [5] pretrained at Imagenet dataset [2].  

We deploy CNN with this architecture on its own at py-
thon language in Pytorch framework. 

This U-net-like CNN was trained during 100 epochs using 

[3]. We check training progress at labeled validation da-
taset. 
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Introduction 

A cardiac pump consists of the implanted module providing 
monitoring of a heart rate and the external block providing 
processing and visualization of the logged data. One of basic 
elements of the external block is the graphic display. Coming 
from the sizes of device and quantity of displayed 
information, LCD and OLED displays are used as an output 
information device. 
 
Presently the digital interfaces of image transferring are used 
for the small-size displays. The bit depth of information 
transmission depends on the depth of color of the image that 
we want to give. In black and white displays each pixel has 
from one to eight digits. In color displays it has from eight 
(RGB332) to 24 (RGB888) bits [1]. Figure 1 shows the type 
structure of graphic display control. 
 

 
 

 
 

Figure 1: Typical connection of graphic displays 

 

In the process of development restrictions and requirements, 
such as energy consumption, size, reliability, volume of the 
output information, cost etc., are imposed on a device. 
According to problem a developer make an optimal decision 
about the choice of hardware components. An interface, 
which will be used for data transmission, is chosen during 
work with graphic displays. 
 
INTERFACES DESCRIPTION 
A. Parallel interfaces 

 
1. RGB interface: 

Digital RGB interface has three timing signals - DOTCLK 
(PIXELCLK), HSYNC and VSYNC with frequencies of one 
pixel, line and frame transmission. Figure 2 shows the RGB 
transmission timing [2]. 
 
 
 
 
 
 
 
 

 

 

 

Figure 2: Frame and line timing parameters 

 

To transmit a pixel color the parallel digital data bus is used. 
Width of bus is determined by colorize that we want to pass, or 
by restrictions of terminals. At the using of RGB interface, a 
width of data bus is 24 bits (RGB888). The feature of RGB 
interface work is transmission of full image frame. This 
method of image display is useful when it is necessary to 
change a picture on the screen constantly, for example, in the 
video transmission to screen. 
 
2. System parallel interfaces. 

For data transmission to a GPU it isn't always required to pass 
a full image. It is mostly necessary to change a small area of 
image on the screen. For this purpose Motorola and Intel 
companies created their own interfaces of graphic images 
transfer, which use registers of data transmission control in the 
RAM of GPU. The features of such interfaces are work with 
registers and delivery of control signal lines. The main 
difference between interfaces of Motorola and Intel companies 
is in the control signals. For the transmission of different color 
depth the different data bus width is used. We shall consider in 
detail every interface [3]. 
 
Intel 8080: Fig. 3 shows 8080-series bus interface [4] 
 

 
 

Figure 3: 8080-series Bus Interface 
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Introduction 

Diabetes mellitus type 1 is a metabolic disease character-
ized by chronic increase of blood glucose concentration 
(BG) that occurs when pancreas is no longer available to 
produce enough amount of insulin. Patients with diabetes 
mellitus need continuous control of BG.  

One of the most widespread methods for type 1 diabetes 
compensation is pump insulin therapy based on the exog-
enous insulin infusion combined with special physical ac-
tivity treatments.  

Closed-loop system for BG control may improve efficien-
cy of insulin therapy and, furthermore provides an oppor-
tunity to compensate diabetes mellitus automatically.  

Almost all up-to-date commercial BG meters and moni-
toring systems are invasive. A portable noninvasive glu-
cometer development is an important task for modern sci-
ence.  

In the paper, we present a closed-loop system for blood 
glucose level control on the basis of a noninvasive glu-
cometer, an insulin pump and model predictive control. 

 
Elements and applications 

Closed-loop operation is in maintaining BG in physiolog-
ical range and preventing hypo- and hyperglycemia. A 
continuous glucose monitor measures BG noninvasively. 
An analyzing system is based on model-predictive con-
trol. 

An insulin pump (IP) provides precision subcutaneous 
insulin infusion and control of an actual infused dose. The 
IP experimental embodiment comprises of a control unit, 
a mechanical drive based on a micro motor with a reduc-
tion gear system 1:1024, and an infusion system with a 
3 ml reservoir. Tab.1 presents main parameters of the de-
veloped pump.  

The experimental embodiment of portable non-invasive 
glucometer (PNG) comprises of a control unit and an  
earlap clip, connected to each other by an opto-electrical 
cable. Noninvasive BG measurement is based on absorp-
tion spectroscopy method. Infrared radiation from a laser 
diode is transmitted through an earlap and is registered by 
a photodiode. Transmitted radiation is analyzed and BG is 
calculated. The algorithm for calculating the concentra-
tion is based on the iterative methods. 

The clip consists of a housing, a transmitter, a receiver  
(InGaAs photodiode) and optical elements (lenses, mir-
rors, windows). Infrared radiation goes from the control 
unit to the earlap via the optical fiber. Tab.2 presents main 
parameters of the developed glucometer.  

Table 1: Insulin Pump  
Experimental Embodiment Parameters  

Parameter Value 

Reservoir volume  3 ml (300 u) 

Basal insulin discretization 0.025 u 

Bolus insulin discretization 0.2 u (2 ml) 

Amount of daily basal profiles 48 

Infusion accuracy ±2,6% 

Energy supply 1  

Run time (continuous work time) 3 days 

Connection Bluetooth 

Control 
autonomous/  

by smartphone 

Indication 
3.5  TFT resistive 

touch screen 

 

Table 2: Glucometer Experimental  
Embodiment Parameters  

Parameter Value 

Measurement object  earlap 

Laser power 30 mW 

Time of a single measurement 5 min 

Amount of measurements during 
monitoring 

12 mes/h 

Energy supply 2xICR18650 

Run time (continuous work time) > 6 h 

Connection Bluetooth 

Control by smartphone 

Indication LED 

 
IP and PNG can be controlled by a smartphone connected 
to them via Bluetooth interface. Smartphone application 
allows user to: 

 input data about food intake and calibration data; 
 input of personal and physiological data affecting on 

BG dynamics; 
 create of basal and bolus insulin patterns creation and 

launching; 
 visualize current BG and its dynamics track; 
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Introduction 

End-stage heart failure (HF) is a major cause of mortality, 
morbidity and disability worldwide. Nowadays, a surgical 
and medical treatment of HF has a positive trend. But 
heart transplantation remains an optimal treatment of end-
stage HF. A shortage of donor organs has made this ther-
apy available only for limited number of patients (1). This 
problem required a development of ventricular assist de-
vices (VADs) for critically ilium patients. The first devic-
es had large dimension, but by the aid of engineering and 
technology developers have the opportunity to reduce the 
dimensions of VADs (2, 3). This feature allows the use of 
VADs for treatment of patients with small body surface 
area. However, the miniaturization of pump components 
may lead to a high hemolysis level (4, 5).  Thrombus for-
mation remains a serious problem of axial and centrifugal 
ventricular assist devices (6-8).  
A typical construction of axial VAD consists of a flow 
straightener, an inlet bearing, an impeller, an outlet bear-
ing and a diffuser in series, and a stator (9, 10). Mechani-
cal friction between the pump components in such devices 
is accompanied by heat generation, which depends on the 
pump design (11). 
Conversion of electrical energy to thermal energy is in-
herent for any motor under normal operation mode (12). 
Heat dissipation occurs due to thermal emissions from 
pump housing and heat transmission of blood moving 
through a device. Herewith excessive heat generation can 
adversely affect the blood hemolysis level and the protein 
denaturation increasing the probability of thrombus for-
mation (13). As a result the pump failure probability in-
creases. This problem can be solved only by emergency 
surgery with full replacement of implanted VAD (14, 15). 
Currently, the influence of thrombosis on a rotary blood 
pump heat generation is not fully investigated. Therefore, 
in vitro tests were conducted in hydraulic closed loop us-
ing the rotary blood pump of the Sputnik VAD to deter-
mine the nature of heat generation for different conditions 
which are typical for implantable systems. Since 2012 the 
Sputnik VAD successfully used to replace of left ven-
tricular function for patients with HF. This VAD is the 
axial and continuous flow pump.   

 
Materials and Methods 

The Sputnik VAD construction is comprised of movable 
element (impeller) and stationary elements (flow straight-
ener, diffuser, inlet and outlet bearings). An electrical mo-
tor allows you to rotate the pump at a speed from 5000 to 
10000 rpm, providing a flow of up to 10 L/min (16). 

Sputnik VAD produces necessary head pressure-flow rate 
(H-Q) curves (17). This blood pump has a length of 82 
mm, outside full diameter of 34 mm and weight of 246 g. 
Experiments to compare the influence of thrombus for-
mation on the VAD heat generation was carried out under 
following conditions: non-thrombosis, inlet (flow 
straightener) thrombosis, outlet (diffuser) thrombosis. The 
platinum-based silicone Ecoflex 00-10 (Smooth-On, 
USA) was used as a material for simulation of thrombus 
formation. For thrombus formation manufacture silicone 
components A and B was mixing in equal amounts. 
Degasing of resulting compound was conducted in vacu-
um chamber during 10 minutes. Further the silicone was 
applied on inner surface of flow straightener and diffuser. 

complete polymerization the Ecoflex silicone is a very 
soft, durable and stretchable material without tacky sur-
face. Thrombus with a volume of 0.5 cc was used in tests. 
Figure 1 shows an artificial clot in the diffuser (A, B) and 
flow straightener (C, D) before and after the tests. In total 
27 hours of tests were performed for each thrombus for-
mation. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1: Image of the diffuser (A, B) and flow straight-
ener (C, D) thrombosis at the beginning (A, C) and at the 

end of all tests (B, D). 
 
The experiments were conducted on a special test bench, 
which consists of a hydraulic loop, temperature measuring 
and recording devices (infrared camera and thermocouple 
unit) and control units including pump controller, power 
source and personal computer. The pump body during the 
tests was placed inside a viscoelastic silicone cover with a 
volume of 1400 cc, which properties are similar to the 
soft tissues properties (18). Pump location inside the cov-
er limits the heat dissipation into environment during the 
tests. 
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Introduction 

Future developments in surgery are not only interesting 
for surgeons but also an issue for biomedical engineers and 
computer scientists in order to focus their own work and 
energy to areas which most probably become relevant. Sur-
gery of the next decade may be described best by the key-

 
The term and its meaning are as yet even unfamiliar to 

most surgeons and most probably even less known by en-
gineers. We coined it in 2016 [Feußner 2016] to describe a 
vital development in surgery, which could conceivably be-
come as disruptive in interventional medicine as the current 
trend toward economic and industrial digitalization. To 
make the parallels and contrasts more evident, a reflection 
on the Fourth Industrial Revolution is helpful. 

The global economy is assumed to move forward to the 
Fourth Industrial Revolution. Commonly, the mechaniza-
tion of production using water and steam power is consid-
ered to have driven the First Industrial Revolution. The 

ty 
came from mass production facilitated by the availability 
of electrical energy and improved workflow organization 
(assembly line, etc.). This was followed by the Third In-
dustrial Revolution, which is characterized by the use of 
information technology (IT) and robots to automate pro-
duction. 

Today, a systematic transformation of industrial produc-
tion is under way, which can be grossly defined as the com-
prehensive computerization of manufacturing. 

The vision is some type of self-organizing or autonomous 
pro

out all necessary steps and adjustments. This strategy, orig-
inally propagated by the German Government as the Indus-
try 4.0 initiative, is evidenced in the customization of prod-
ucts under the condition of highly flexibilized production. 
This highly automated technology is enabled by the intro-
duction of methods of self-optimization, self-configura-
tion, self-diagnosis, cognition and intelligent support of the 
few human beings who are still required to master this 
complex process. The main pillars are as follows: 

1. Interoperability: The ability of machines, devices, 
sensors, and people to connect and communicate 
with each other via the Internet of Things (IoT) or 
the Internet of People (IoP). 

2. Information transparency: The ability of infor-
mation systems to create a virtual copy of a phys-
ical world by digital models with sensor data. The 
very dense net of information is available for all 

stakeholders. A huge amount of raw data have to 
be collected and interpreted in a higher context. 

3. Technical assistance: Decision-making has to be 
facilitated by preparing all necessary information. 
Humans have to decide all necessary precondi-
tions (information) that have already been pro-
vided. 

4. Decentralized decisions: The ability of lower-
level systems to make decisions on their own and 
to perform their tasks as autonomously as possi-
ble. Only in the case of exceptions and/or conflict-
ing goals are tasks to be escalated to a higher 
level. 

 
Autonomous decision-making by mechatronic support 

devices is the real disruptive element of Industry 4.0. Hu-
mans will need to be confident that machines are able to 
act and react reasonably, reliably, and as fast and as safely 
as a human worker. 

There are, however, some necessary preconditions for 
this vision to become reality. 

1. The IoT must support direct communication or di-
alogue with the technical equipment. If one device 
alters its functionality, the whole technical envi-
ronment is informed. 

2. Data/information must be provided wherever it is 
needed in real-time and by a high-quality, reliable 
service (5G telecommunication). 

 
Surgery and the 4.0 development 

What then has all this to do with surgery? Some context 
in the form of a brief review of modern surgical history 
may be helpful. 

The beginning of scientific surgery dates back about 150 
years. Retrospectively, this comparatively short period of 
time can be subdivided into three different eras. In the be-
ginning, surgeons learned to master the specific challenges 
of the different anatomical regions  beginning with the ab-
domen and ending with the brain. In the next phase, surgery 
was not any longer confined to resection/amputation, but 
the focus was now laid on substituting deficits. Destroyed 
joints were replaced by artificial implants, and functional 
reservoirs were developed to accommodate for the roles of 
the stomach or rectum, for example, after their resection. 
The ultimate highlight of the era was the transplantation of 
whole organs (the heart, liver, kidneys, etc.). 

The trend today is to further minimize the surgical trauma 
 collateral damage to other organs, functional impairment, 

and pain due to the operative intervention. This third era of 
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Introduction 

The provision of veterinary dental care is becoming an 
increasingly urgent task, for example, in dog breeding. 
So, for a thoroughbred exhibition animal, the loss of even 
one tooth can lead to the termination of a career.  
In medicine in the vast majority of cases, diagnosis of the 
maxillofacial department is carried out with the help of 
specialized X-ray devices: traditional dental units, or-
thopantomographs and cone-ray tomographs [1]. Tradi-
tional dental devices (radioviographs) are designed to 
produce images of individual teeth or jaw areas, orthopan-
tomographs for two-dimensional, and cone-ray tomo-
graphs for three-dimensional images of the full dentition 
of both jaws, including adjacent anatomical structures. 
For a number of reasons - differences in the anatomy and 
physiology of the maxillofacial department of man and 
dog, as well as the language barrier, these devices cannot 
be directly used in veterinary dentistry. The flexibility and 
mobility of the fingers, paws, neck, and back of the dog 
are fundamentally lower than that of the corresponding 
human organs. The dog cannot fix the detector of the X-
ray image with a finger or sit motionlessly in the chair of 
the cone-ray tomograph for a long time. The dog also 
cannot understand and fulfill the specific requirements of 
the X-ray assistant during the X-ray shooting.  
Obviously, to solve the problems of diagnosis of veteri-
nary dentistry in full, it is necessary to develop the appro-
priate technology. 

 
Materials and Methods 

At the present time for diagnostics in veterinary stoma-
tology is used: 
- sighting (traditional) dental units for taking pictures of 
individual teeth or jaw areas on an X-ray detector measur-

animal (Fig. 1) 

 
Figure 1. Examples of obtained images using standard 

sighting dental devices. 

- stationary X-ray apparatus for obtaining images of the 
entire head of the animal on an X-
300 mm or more (Fig. 2, 3). 

 
Figure 2. Scheme of shooting using powerful stationary 

X-ray apparatus. 

 
Figure 3. Example of obtained images using powerful 

stationary X-ray apparatus. 
 
The main disadvantages in the first case. 
The size of the image detector does not allow: 
- get a complete picture of even one tooth of a large dog; 
- placement the image detector in the oral cavity of a 

small dog. 
The probability of damage to the image detector by a 

dog of any size is great. 
The main disadvantages in the second case: 
- on the picture of the dog's head, images of all the teeth, 

bones of the skull and soft tissues are superimposed on 
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Introduction 

The usage of X-ray radiation in modern neonatology 
makes a significant contribution to the quality of medical 
care for newborns with pathologies. High-quality image 
of the baby allows to quickly diagnose the problem or to 
prevent future possible complications. 
The method of contact diagnostics (see fig.1) gives satis-
factory results, however, to obtain informative images 
should take into account the following restrictions: 
1. A large distance between the radiation source and the 

object of study. This condition is dictated by the need to 
distance the radiation source to reduce the blurring of the 
edges. It is necessary to use sufficiently powerful sources 
to work around the dynamic range of the receiver (which 
leads to the maximum contrast of the image). Increased 
tube current causes an increase of the focal spot. Its size 
directly affects the degree of outer edges blur on the im-
age, which is unacceptable in the case of medical diagno-
sis. Compensation for this phenomenon is increasing the 
distance between source and receiver. This can lead to 
unwanted additional exposure of medical staff and others 
patients. 

 

Figure 1: Contact X-ray diagnostics of newborns 

2. High resolution X-ray detector. Upon contact of an ob-
ject and a radiation receiver, the image quality depends on 
resolution of the receiver. However, increasing resolution 
naturally reduces sensitivity of pixels (by reducing their 
geometry sizes). This eventually leads to the necessity of 
increasing power of the radiation source. 
3. High power X-ray radiation. Increased distance source-
object and high resolution of the receiver lead to signifi-
cant increase in power of X-ray diagnostic machine. Tra-
ditionally, the radiological diagnosis in neonatology and 
pediatrics using radiation sources with power up to 5 kW, 
which is directly related to their size and weight. From the 
point of view of stationary use it's not a big deal. Howev-
er, for portable options, which work in conditions of con-
stant transportation, this factor is essential. 
Thus, of use of X-ray machines in non-specialized condi-
tions, for example when you need to do diagnostic imme-
diately after the procedure of childbirth is in the room of 
the maternity ward, the use of classical X-ray machines, 
described above, is not optimal. The basic idea, which is 
based on an alternative approach to the diagnosis of new-

borns is the use of smaller power sources with reduced 
size of the focal spot of the radiation source. The decrease 
in its value up to 0.3 mm or below will allow to diagnose 
newborns under appropriate conditions with scaling 
method (see fig. 2). Decrease focal spot is achieved with a 
small current of the tube and using additional focusing 
electrodes. The lack of dose is compensated by minor (20 

 30%) increasing of operating voltage and decreasing of 
shooting distance. As a result, while maintaining the qual-
ity of the image this approach provides the following ben-
efits: 

 Resolution of the receiver can be reduced. This leads 
to the best sensitivity. 

 Source-object distance is reduced, which minimizes 
exposure of staff and others, and also reduces re-
quirements on the output power. 

 Relatively low power (360  500 W) of radiation 
source reduces weight and size of the device, which 
greatly simplifies its use in unsteady conditions [1].  

 

Figure 2: X-ray diagnostics of newborns with scaling 

In this paper, the circuit and structural features of low-
power portable apparatus for neonatology, its internal 
structure and organization of electronic modules are in-
troduced. 

 
Materials and Methods 

Interconnection of electronic modules built on the central-
ized control principle (see fig.3). For the implementation 
of sensing functions and heat supplying, the subsidiary 
module is used. The high-voltage part comprises a gen-
erator and a voltage multiplier. 

 

Figure 3: The generalized structure of electronic modules 

Main unit 

Subsidiary 
unit 

PC 

High voltage circuit 

X-ray tube 
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Introduction 

Distribution of digital equipment, including the produc-
tion of medical X-ray apparatuses, allows to control vari-
ous devices using a computer software. At present, this 
mechanism is a widespread practice. 
The vast majority of power sources of medical X-ray ap-
paratuses are built according to the scheme with ampli-
tude or pulse-width modulation (PWM). At the same 
time, the resonance control scheme of the X-ray tube is 
also promising. In comparison with PWM control, the 
resonance circuit allows to obtain greater efficiency and 
to provide a more exact adjustment of operating parame-
ters of the apparatus. The adjustable parameters are: reso-
nance frequency, heating current and duty cycle. The 
most convenient way to establish the values of these 
quantities is their software setting. Thus, the aim of the 
work is to create graphic user interface (GUI) for setting 
up an X-ray apparatus. 

 
Materials and Methods 

A model sample of medical X-ray machine for neonatolo-
gy was compiled on the basis of the EPU department of 
ETU LETI  [1]. Due to the features of a scope of the 
apparatus it is necessary to provide high efficiency of his 
work that is achieved by applying a resonant control cir-
cuit. 

Parameters of the X-ray apparatus 

The parameters of the power supply (excluding the volt-
age multiplier), which define the mode of operation of the  
X-ray tube (current and voltage on the tube) include fila-
ment current, resonant frequency and duty cycle. A spe-
cific set of values for these parameters will yield the de-
sired current and voltage of the tube. 
In order to determine possible combinations of these pa-
rameters for establishment the required values of current 
and voltage on the X-ray tube, the characteristic curves 
for current and voltage were obtained experimentally. The 
received dependences are qualitatively reflected in figure 
1, 2 and 3 (in Fig. 1, the ratio of currents is as  
follows I4 < I3 < I2 < I1 ;  in Fig. 3, the ratio of the filament 
currents is as follows Ih4 > Ih3 > Ih2 > Ih1). 
Experiments have shown that at different currents of heat, 
the current of the X-ray tube is guaranteed to reach satura-
tion at a voltage of 40 kV (Vmin). This feature allows to 
receive calibration points as follows: to expose the mini-
mum level of filling (about 5%); to shift the frequency 
before obtaining voltage on the tube of 40 kV; when this 

value is reached, record the calibration point parameters. 
Increasing the filling coefficient with a given step, it is 
possible to receive a set of calibration points. In order to 
set certain operating parameters, the machine takes the 
values of the obtained calibration points as a basis during 
operation and, if necessary, calculates the value at the in-
terval between them.  
 

 
Figure 1: Dependence of the X-ray tube voltage on the 

generator frequency  
 

  
Figure 2: Dependence of the X-ray tube voltage on duty 

cycle  
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Introduction 

Microfocus X-ray is a combination of methods for receiv-
ing X-ray images using radiation sources with focal spots 
size less than 100 . Using these sources gives the oppor-
tunity to obtain images with a direct geometric image mag-
nification 5-20 times. Today microfocus X-ray is widely 
used in medicine, industrial non-destructive testing and 
quality assessment of agricultural crops. [1,2,3].  

In the list of cases, microfocus X-ray images could not be 
authentically analyzed because of insufficient quality of 
images. More often main disadvantages of microfocus X-
ray images are irregular background, distorted brightness 
characteristics, the presence of noises. Therefore, the de-
velopment of algorithms for digital processing of micro-
focus X-ray images is a relevant task. 

 
Materials and Methods 

In the paper, two algorithms of digital X-ray images pro-
cessing are considered: the algorithm for correcting the un-
even image background based on the subtraction of the dis-
torting function and the algorithm for locally-adaptive his-
togram equalization.   

Algorithm for correcting the image background  

During the X-ray examination according to the scheme 
with the direct geometric magnification uneven image 
background arises, complicating visual analysis and subse-
quent digital image processing. A distorting function is in-
troduced to eliminate irregular background of the image. It 
is considered that the receiver registers an image that can 
be represented as the sum of the image and the distorting 
function, which creates the uneven background. The dis-
torting function in microfocus X-ray is usually described 
by a function of the form: 

 
 ( 1 ) 

where C  is a constant, whose value depends on the mi-
crofocus X-ray apparatus mode and the shooting condi-
tions, xmax and ymax  is the vertical and horizontal size of 
the image respectively. 

This form of distorting function follows from shooting 
peculiarities with image enlarging, as X-ray radiation in-
tensity decreases proportionally to the square of the dis-
tance.  

 
Figure 1: Image for the analysis 

 

 
Figure 2: The result of image background correction  

 
For every single profile, its minimum and maximum are 

determined and the difference between them is found. The 
constant C is determined by the expression (2) as the me-
dium difference between minimum and maximum of the 
profiles.  

 
 ( 2 ) 

where N  the number of profiles, ak max and ak min  respec-
tively maximum and minimum brightness values. In case 
of the big difference between profiles minimums and max-
imums the number of the analysed profiles should be in-
creased to get the correct constant.  
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Introduction 

Gas-discharge devices are used widely in various fields of 
science and technology. The high prevalence of such de-
vices is due to the wide variety of design solutions asso-
ciated with the type of discharge flowing in the device. 
Among of such devices a special place is occupied by in-
struments with an extended positive column of a glow 
discharge. Glow discharge lasers belong to such devices. 
Glow discharge lasers are used actively for technological, 
metrological and medical purposes. 
Gas-discharge lasers, including glow discharge lasers, are 
not only widespread but also quite complex devices in 
structure and manufacturing technology. From this point 
of view and taking into account the economic reality, it is 
quite logical to find ways to increase the service life of 
the gas-discharge lasers used, and to restore active ele-
ments in the event of complete loss of generation. The 
relatively short life of lasers makes this problem even 
more urgent. Possible reasons for the complete or partial 
failure of gas-discharge lasers are: a disturbance in the 
operation of the power source; increase in the level of 
losses in the optical resonator; reduction of amplifying in 
the active element of the laser. The service life of power 
supplies is much higher than that of active elements. In 
optical resonators, the main causes of a noticeable reduc-
tion in radiation power are the degradation and contami-

a-
son for the failure of the active element is the degradation 
of the active medium due to the leakage of atmospheric 
gases, gas desorption by elements of construction, the ab-
sorption of the working gas by the shell, by the electrodes 
and their spray products, and the diffusion of the working 
gas through the envelope. 
Glow discharge lasers, which include CO2 and He-Ne 
lasers, are used in surgery, ophthalmology, laser therapy. 
For the effective use of such lasers, one must know their 
behavior in dynamics. Also, due to the limited lifetime of 
such lasers, the question of replacing the gas mixture is 
very relevant. 
Determination of the plasma parameters of a glow dis-
charge is an important task in the design and analysis of 
the gas discharge devices [1]. Of particular interest is the 
determination of the parameters of the discharge occur-
ring in long tubes, for example, in gas discharge lasers. 
One of the main characteristics that defines the behavior 
of the discharge gap in the circuit is the current-voltage 
characteristic (CVC). The CVC allows judging the state 
of the active environment, in particular, the degree of lea-
kage of the atmospheric gases. In addition, the form of the 

CVC has a significant influence on the dynamic proper-
ties of the discharge.  
Due to physical and constructive features, the laser radia-
tion has a temporary instability due to the influence of 
various factors. Therefore glow discharge lasers are used 
in along with radiation power stabilization systems. 
 
Instability of laser radiation parameters 

Methods for stabilizing the power of laser radiation are 
classified on passive and active. In practice are used often 
active methods. Passive methods stabilizing do not take 
into account all the factors affecting the instability of the 
laser radiation power. Active stabilization methods as-
sume negative feedback. One of the options for stabilizing 
the power of laser radiation is adjustment the pump level. 
In glow discharge lasers this process reduces to modulat-
ing the discharge current. Let us assume that at the time t 
the laser had a power level 0 at a current I0, which cor-
responds to the point A (fig. 1). Due to external influ-
ences, the energy characteristic of the laser can shift and 
this current will correspond to the power 0+ P (point 
B). The principle of current stabilization of power consists 
in forced changing the discharge current by such a value 
I so that the radiation power level again is equal to 0 

(point C). 

 
Figure 1: Explanation of the operation principle of the 

radiation power stabilization system 
 
Method and equipment of experiment 
 
To increase the accuracy of calculations of the plasma pa-
rameters of a positive column in this work was taken an 
attempt to refine the values of the accommodation coeffi-

experimental approach to the problem. Initially it was 
conducted a series of experiments to study the CVCs of 
the discharge gaps. In the experiments we used two mod-
els. 

I 

P0 
 

I0 I 

P = f (I)  ~  t  
 

P ' = f (I)  ~  t = t '  
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Introduction 

Ultrasound ablation is one of the most perspective meth-
ods of surgical treatment of lower limbs varicose veins 
(LLVV). Currently, the ultrasound method is successfully 
used for hemorrhoids sclerosis [1]. 
 
Study of the structure of pathological venous wall after 
ultrasound exposure is an essential stage of ultrasound 
ablation technological parameters tests. The goal of this 
work is studying the possibility of using biomechanical 
characteristics as assessment criterion for evaluation of 
differences in pathological venous wall structure before 
and after ultrasound ablation. 

 
Materials and Methods 

Ultrasound ablation technological parameters tests was 
carried out on the samples prepared from the segments of 
the great saphenous vein (GSV) trunk, taken during sa-
phenectomy in the Vascular Surgery Department of the 
Russian Scientific Surgery Center n.a. B. V. Petrovskiy. 
For the experiment were identified four groups with dif-
ferent modes of exposure to venous wall samples and a 
control group. Five groups were formed in total: 
a) control group (C); 
b) treatment with sclerosant solution for 60 seconds (S 60 
sec); 
c) contact ultrasound treatment for 60 seconds (U 60 sec); 
d) ultrasound treatment with sclerosant solution for 30 
seconds (U+S 30 sec); 
e) ultrasound treatment with sclerosant solution for 60 
seconds (U+S 60 sec). 
 
After the stage of ultrasound ablation, the samples of the 
venous wall were tested for uniaxial stretching using the 
INSTRON 3365 machine in accordance with the method 
described in [2].  A series of experiments was performed 
in total on 110 samples of the venous wall in accordance 
with the developed technology, and also the histological 
research of the treated specimens in the Pathomorpholog-
ical Department of the Russian Scientific Surgery Center 
n.a. B.V. Petrovskiy. 
 
Biomechanical tests results processing was carried out in 
Matlab software package. During processing, the values 
of the maximum strain, max, the maximum stress, max, 
and the Young modulus, E, were determined for each 
sample (fig. 1). 

 
Based on the presence of several comparison groups, the 
nonparametric tests of Kruskal-Wallis and Newman-
Keuls were chosen as the statistical method of data analy-
sis [3]. For the null hypothesis, it was assumed that the 
various modes of processing the GSV samples do not af-
fect the biomechanical characteristics and the resulting 
differences are random. 
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Introduction 

Chronic kidney failure (CKF) is a pathological 
condition which can be characterized by lowering metab-

 
homeostasis [1]. In 2010 the number of patients suffering 
from end-stage kidney failure (ESKF) excided two mil-
lion people [2], [3]. Nowadays kidney transplantation is 
the only method of ESKF treatment. Alas, the amount of 
donor kidneys is not enough to supply all patients with 
donor organs. Organ rejection is another problem which 
can occur after kidney transplantation. In view of prob-
lems listed above renal replacement therapy (RRT) is vital 
necessity for patient with CKF. Blood purification and 
ultrafiltration are the main functions of RRT. There are 
two widespread RRT modalities commonly used nowa-
days: hemodialysis (HD) and peritoneal dialysis (PD). 
Although both methods provide sufficient blood purifica-
tion, they have the following disadvantages: hemodialysis 
requires about 150 liters of dialysate per procedure, thus 
this therapy can be performed only in specialized dialy-
sate centers. Moreover HD can cause low blood pressure 
and blood clots in dialysis access. Peritoneal dialysis re-
quires frequent (4-6 per day) exchange of spent solution 
for peritoneal dialysis which increases the probability of 
peritoneal cavity contamination. Peritonitis is the main 
issue of PD which causes inflammation of peritoneal cavi-
ty and makes further PD procedures impossible.  

Dialysate regeneration is method of spent solution 
purification which can potentially solve issues listed 
above. One of the major challenges of dialysate regenera-
tion is urea elimination, since this metabolite is poorly 
removed by sorbent materials. Alternative dialysate re-
generation methods such enzymatic and electrochemical 
methods can be use as alternative methods for urea re-
moval; however chemical byproducts of electrolysis and 
urea hydrolysis are the main disadvantages of these meth-
ods. In this case different dialysate regeneration ap-
proaches can be combined to overcome these issues. For 
example combination of enzymatic and sorbent methods 
provides adequate urea and ammonia elimination and at 
the same time allows maintaining dialysate ion concentra-
tion in wearable artificial kidney (WAK) [4]. Therefore 
different variations of dialysate regeneration methods can 
be potentially used in WAK technology. 

In this work combination of sorption and electrochem-
ical methods was applied as dialysate regeneration ap-
proach. Sorption method can clean waste dialysate from 
different 
ing nitrogen bound substrate such as uric acid and creati-
nine and aromatic substrates such as phenol and p-cresol 
[5]. This method can also control ion concentration and 

pH of the dialysate. However most sorbents including ion 
exchange resins and majority of activated carbon modifi-
cation have low capacity for urea, which is the main 
downside of sorption method. For purpose of urea elimi-
nation electrochemical method can be applied. This meth-
od can continuously eliminate urea from the solution by 
means of direct anode oxidation. Urea oxidation rate de-
pends on different parameters such as current density, ac-
tive anode surface, electrode type, solution ion composi-
tion, pH of the solution etc. Ability to regenerate working 
electrodes and urea elimination effectiveness are the main 
advantages of this method. However free-chloride and 
chloride-bound substrates generate during electrolysis. In 
addition electrochemical method acidifies solution during 
electrolysis and changes its ion composition. Intensive gas 
generation should also be taken into consideration. There-
fore dialysate regeneration system based on this method 
requires additional degassing unit, post-treatment sorbent 
column and pH stabilizer for a proper and save function-
ing. Preliminary studies of this method were performed in 
the following papers: [6], [7].  

 In this study WAK with regeneration unit based on 
sorbent and electrochemical methods was tested on ani-
mals.  

 
 

Materials and Methods 

In this work dialysate regeneration by means of 
sorbent and electrochemical methods was applied in ani-
mal trials. Animal trials were performed with usage of the 
following solutions for peritoneal dialysis: Fresenius Bal-
ance (glucose 1.5 %) and Extraneal (Baxter). Initial pH of 
both solutions was 5.4. Fresenius contains glucose as an 
osmotic agent (glucose concentration  1.5%). Extraneal 
contains icodextrin as an osmotic agent. Composition of 
the solutions is presented in tables 1 and 2. 

 
Table 1: Fresenius Balance (glucose 1.5 %) 

 
Ion Concentration, mmol/l 

Calcium (Ca++) 1,75 
Sodium (Na+) 134,0 

Magnesium (Mg++) 0,5 
Chloride (Cl-) 103,5 

 
Table 2: Extraneal (icodextrin  75 g/l) 

 
Ion Concentration, mmol/l 

Calcium (Ca++) 1,75 
Sodium (Na+) 133,0 

Magnesium (Mg++) 0,25 
Chloride (Cl-) 96 
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Introduction 

The aim of this work is  to develope a feedback 
unit based on a strain gage force sensor integrated into a 
robot-assisted venipuncture system to control the 
rectilinear catheter  insertion in order to minimize post-
injection complications caused by mechanical damage to 
vessel wall [1-3]. 

When the carriage  of  an automated system with a 
installed catheter moves, the catheter exerts pressure on 
the strain gage force sensor, which changes its own resis-
tance in proportion to the force acting on it. 
 

 
Materials and Methods 

To obtain the characteristic signals at the mo-
ment of vessel wall puncture, a laboratory stand was 
designed. The mechanical and electrical part of the stand 
includes: a carriage with guides, a rack gearing, a DC mo-
tor with GM12-N20VA gearbox (500: 1 ratio), an L293D 
motor driver and a signal recording unit. The signal re-
cording unit consists of the following main elements: 

 FlexiForce A201 strain gage force sensor (max-
imum applied force 4 N) from the Tekscan man-
ufacturer, which is attached to the carriage [4]; 

  inverting voltage converter ICL7660; 
 MCP602 operational amplifier for realizing an 

inverting amplification stage; 
 Arduino Nano platform with ATmega 328 mi-

crocontroller with built-in 10-bit ADC module. 

Experimental studies were conducted on differ-
ent biological phantoms. A strain-gage force sensor was 
installed between the carriage, which drives the catheter 
and the catheter itself. This position allows to achieve the 
maximum sensitivity of the strain gage sensor to the 
catheter at the moment of puncture of the phantom. The 
used biological phantom in the first series of experimental 
studies is presented in Figure 1, the biological phantom is 
a gelatin, which simulate the soft tissues and an artificial 
tissue vessel as well as a sealed food layer in a gelatin.The 
food sheath was chosen to simulate the vessel wall, 
because it is structural similarity. In the second and third 
series of experimental studies, the soft tissues were simu-
lated by a pork meat fragment; the blood vessel in the first 

case was simulated by a soft rubber tube with an internal 
pressure of 136 mm of water. (Mean venous pressure), in 
the second case - using a thin-walled tube made of poly-
vinyl chloride. The main principle of the three types of 
phantoms is to simulate the transition from soft tissue to 
the vascular bed with a higher density border.   

 

 
 

Figure 1: The image of the phantom 

 
Analyzing the obtained signals during the third 

series of experiments (the characteristic form of signal is 
shown in Figure 2), it was difficult to uniquely determine 
the moment of vessel wall puncture. Therefore, it was 
decided not to use these signals to estimate the 
characteristic parameters of the signal as well as during 
the algorithm designing.   

 

Figure 2: Characteristic signal form  
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Introduction 

Implantable medical devices (IMD) are an important part 
of modern medicine. Such devices are used to replace, 
support or restore the functions of human organs, such as 
the organs of the cardiovascular system, the musculoskel-
etal system, the digestive system, the central nervous sys-
tem, etc. [1]. Progress in the field of electronics, micro- 
and nanotechnology has significantly expanded the scope 
of IMD, allowed to reduce the size of devices and in-
crease their stability and reliability of work [2]. 
The development of energy supply methods is one of the 
key directions for the improvement of IMD technologies. 
Strict requirements for reliability, safety, biocompatibility 
and size significantly complicate the development of the 
power supply systems. At the same time, the characteris-
tics of a particular system are largely determined by the 
characteristics of the IMD for which it is intended [3]. In 
this regard, the borrowing of existing industry solutions is 
virtually impossible, and the choice of energy supply 
method is becoming one of the main stages of IMD de-
velopment [4]. 
Nowadays, many suitable methods of power transfer for 
supplying IMD have been discovered. The use of wireless 
transmission systems helps to avoid unnecessary surgical 
procedures, the risk of infection through the transdermal 
wires and allows to reduce the size of the implanted de-
vice. High reliability and efficiency, the ability to inte-
grate with other devices [5] and the continuing interest of 
the world scientific community for more than 10 years 
has led to the choice of inductive energy transfer systems. 
The main value of the inductive energy transfer is mutual 
inductance M. Its calculation can be carried out according 
to the Neumann formula: 

 
 ( 1 ) 

where dlt and dlr are the filament elements, Rtr is the dis-

0 is the magnetic constant of 
the vacuum. 
It follows from the Neumann formula that the mutual in-
ductance is determined by the mutual arrangement of the 
antenna pair. It should be noted that the misalignments of 
the antennas relative to each other is a characteristic fea-
ture of the inductive energy transfer systems. Therefore, 
one of the main tasks in the development of power supply 
systems of IMD is to compensate for the misalignments 
of antennas. A rather promising way to compensate for 
displacements of flat round antennas is to optimize the 
geometry of the antenna pair [6]. 

The aim of this work is to investigate the influence of ge-
ometry of antennas with the same inductance on the 
stability of the main output value of inductive energy 
supply systems - output power. 

 
Materials and Methods 

Stand review 

One of the main output characteristics of inductive wire-
less power systems is the power transferred to the load 
(output power PL). This characteristic depends both on the 
operating frequency of the system and on the mutual ar-
rangement of the antennas. 
To ensure high values of output power, a pair of LC oscil-
lation circuits tuned to one resonance frequency [7], 
which can be calculated by the following formula: 

 
 ( 2 ) 

where LR and LT, are the inductances of the receiving and 
transmitting antennas, CR and CT are the capacities of the 
receiving and transmitting boards. 
When a certain value of the coupling coefficient kcrit, 
called the critical coupling coefficient, is reached, the 
maximum output power of the system is ensured. The 
magnitude of the critical coupling coefficient kcrit can be 
determined using the following expression [8]: 

 
 ( 3 ) 

where QT and QR are the Q-factors of the receiving and 
transmitting circuits: 

 

 ( 4 ) 

 
 

 ( 5 ) 

RT, RL - the resistance of the transmitting board and the 
load resistance of the receiving board, respectively. 
Simulation of the system of inductive wireless energy 
transmission, working in the frequency of resonance and 
critical coupling of antennas for an axial distance between 
them equal to 5 mm was carried out. The equivalent cir-
cuit of the system is shown in fig. 1. The parameters of 
the modeled system are presented in tab. 1.  
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Introduction 

Dialysate regeneration process can be potentially used 
in wearable artificial kidney (WAK) development as a 
method of uremic toxins removal [1 3]. These toxins and 
metabolites include nitrogen-bound substrates (urea, uric 
acid, creatinine etc), aromatic substrates (such as p-
cresol), phosphates, nitrates etc. For purpose of dialysate 
regeneration the following approaches can be used: 
sorbent method [4], electrochemical method [5, 6], enzy-
matic method [7] etc. Each of them has its own ad-
vantages and disadvantages and overall different combi-
nations of methods listed above can be used for effective 
dialysate regeneration. Nitrogen-bound substrates remov-
al is one of the main issues of dialysate regeneration. 
While sorbents can effectively remove creatinine and uric 
acid, they are not effective in case of urea elimination. 
Thus alternative solution has to be found. In this paper 
urea electrochemical oxidation on diamond and platinum 
electrodes was investigated.  

This paper is dedicated to electrochemical urea oxida-
tion method. All experiments were performed in acidified 
solution (pH = 5.4). The following reactions might take 
place on anode and cathode surfaces and in the solution 
during electrolysis of acidified solution: 

 

Cathode: 

H+, Ca2+, Na+, Mg2+, Cl-, H2O 

Reduction of +  and water 
 

Anode: 

(NH2)2CO, H2O, Cl- 

Oxidation of urea, Cl- 
and water 

  

C 3 
 +  

A 1 
-  

 

Molecular formula for anode urea oxidation: 

(NH2)2CO + 3H2O + 2HCl = 6H2 2 2 2 2  

The following reaction might take place in the solution: 

 

 
Urea hydrolysis in acidified medium can be presented by 
the following reaction: 
 

(NH2)2CO + 2H+ + H2O =  + CO2  

 

 

(NH2)2CO + 2HCl + H2O = 2NH4Cl + CO2  

 reaction 
with atomic hydrogen during its generation on cathode 
surface: 

0 4 2 1

22 2 2 32 (NH ) CO 2H O CO 2H NH H O  

Urea oxidation can take place in the solution due to its 
reaction with hypochlorous acid: 

 

3 1 0 1

22 2 2 2( ) 3 3 2N H CO H Cl O N H Cl CO H O  

 
It should be emphasized that during urea electrochem-

ical oxidation different toxic byproducts (including sodi-
um hypochlorite) are generated and accumulated in the 
solution. To resolve this problem different types of mate-
rials can be used including ion-exchange resins and non-
selective sorbents such as activated carbon. 

 
Materials and Methods 

In this work dialysate regeneration by means of 
electrochemical oxidation method has been investigated. 
Effectiveness of electrochemical dialysate regeneration 
depends on multiple factors, such as initial ion composi-
tion of dialysate solution, initial concentration of nitro-
gen-bond substrates, pH of solution, solution initial tem-
perature, current density, electrode surface, electrode ma-
terial etc [8 13]. In this article all experiments were per-
formed in a solution for peritoneal dialysis Fresenius Bal-
ance (glucose 1.5 %). Initial pH of the solution was 5.4. 
The solution contains glucose as an osmotic agent (glu-
cose concentration  1.5%). Composition of the solution 
is presented in table 1. 

 
Table 1: Fresenius Balance (glucose 1.5 %) 

Ion Concentration, mmol/l 
Calcium (Ca++) 1,75 
Sodium (Na+) 134,0 

Magnesium (Mg++) 0,5 
Chloride (Cl-) 103,5 

 
The model solution contained 30 mmol l-1 of urea. So-

lution was recirculated through hermetic electrochemical 
cell with rate 50 ml/min. Cumulative anode surface for 
each electrode type was 150 cm2. The volume of the 
model solution was 500 ml. 

The following electrode types were chosen for exper-
iment: smooth-platinum films deposited on titanium sub-
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Abstract 

The number of implantable pacemakers increases every year. 

Rate-adaptive pacing improves the quality of life of patients with 

implantable pacemakers. The accuracy of current algorithms is 

not sufficient for a productive life of patients. The object of this 

article is to demonstrate new algorithm of physical activity detec-

tion according to the accelerometer data. 

Keywords 

Rate adaptation, pacemaker, accelerometer. 

1. Introduction 

There is a trend towards improvement in quality of life in 

pacemakers to bring their life as close to normal as possible. Rate 

responsive pacemakers allow to increase the heart rate, depending 

works without rate adaptation. The frequency of the stimulating 

pulses remains constant during the day with changes of the phys-

ical activity intensity. Figure 2 shows the operation of a pace-

maker with frequency adaptation, in this case the frequency of the 

stimulating impulses is adjusted to the change in physical activity.  

 

  
Figure 1  Enforced heart rate without rate adaptation 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2  Enforced heart rate with rate adaptation 

 

 

This article describes the development of algorithm of phys-

ical activity detection according to the accelerometer data of im-

plantable pacemaker. Rate adaptation is achieved by using sen-

sors that determine the parameters related to the load and associ-

ate them with the frequency of stimulation. Methods of stimulat-

ing impulses frequency adaptation depending on various parame-

ters were examined in the article [1]. Incorrect interpretation of 

passive movements continues to be a disadvantage of the devel-

oped algorithms.[2] 

2. Methods and materials 

2.1 Experiment description 

 

Figure 3  Experiment setup 
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Introduction 

Schizophrenia is characterized by various negative and 
positive symptoms and specific incremental changes in 
personality. Negative symptoms are manifested in behav-
ior, especially in facial expressions. Actual problems to-
day are predicting disease course, evaluation of the effec-
tiveness of treatment, and diagnosis of schizophrenia in 
preclinical stage of the disease. Development of the au-
tomated system of analysis will allow us to study flat af-
fect  one of the negative symptoms of schizophrenia. 
Consequently, automated facial expressions analysis will 
make progress in addressing actual problems. 
In recent works are reported about using an automated 
approach to the assessment of facial movements by imag-
es for tracking disease course and treatment effectiveness 
[1, 2, 3]. However, most studies aimed at identifying the 
differences between healthy group and patients. 
The result of different studies (in Canada, India, European 
countries, Iran) was the discovery of specific anomalies of 
facial expressions in schizophrenia. Interest in such stud-
ies has grown significantly during the last 5 years. In Rus-
sia, such studies are still very few. 
Patients with schizophrenia have specific anomalies such 
as a low frequency of positive emotions on certain stimuli 
and typical movements [4, 5]. 

Materials and Methods 

A database of video images of patients with schizophrenic 
disorders and in the psychosis high-risk state [6] has been 
being collected in Mental Health Research Center. A da-
tabase of control healthy group has been being collected 
in Bauman Moscow State Technical University. 
Stimulant material for the study of facial expressions were 
three demonstration videos, intended to product emotions 
of sadness and joy, duration is about 4-5 minutes, and 
questions on the subject of videos. The first video is neu-
tral, the second one is sad and the last one comprises two 
parts: neutral part and subsequent funny part. After video 
demonstration respondents are also asked to estimate their 
emotional state. A person can choose one or more of the 
following emotions: happiness, delight, sorrow, worry, 
sadness, fear, indifference, shame and disgust,  or pro-
pose his own variant of emotion. For chosen emotions a 
respondent has to estimate intensity in the range from one 
(the weakest intensity) to five (the strongest intensity). 

The respondents with schizophrenic disorders first read 
the text, then watch the video and estimate their emotional 
state.  Thus, following steps of our study were recorded: 
reading the text, watching the video 1, discussion of the 
video 1, watching the video 2, discussion of the video 2. 
Respondents with schizophrenic disorders were recorded 
at two time points: the first point is on hospitalization, the 
second point is on discharge from the hospital. 
Medical advisers of our research group conducted stand-
ard procedures for evaluating the mental state of patients 
with schizophrenic disorders on various scales: Positive 
and Negative Symptoms Scale (PANSS), The Scale of 
Prodromal Symptoms (SOPS), The Hamilton Rating 
Scale for Depression (HDRS), Scale of side effects as-
sessment (Udvald for Kliniske Undersogelser Side-Effect 

Rating Scale, UKU). 
Before the first video a respondent of control healthy 
group is asked to fill out a questionnaire on trait anxiety 
from state-trait anxiety inventory (STAI-40). After the 
last video a respondent is asked to fill out a questionnaire 
on state anxiety from STAI-40, Toronto alexithymia scale 
questionnaire (TAS-26) and gelotophobia, gelotophilia 
and katagelasticism questionnaire (PhoPhiKat<30>). 

c-
orded. For recording we use Logitech C922 Pro Stream 
webcam. Recorded videos has full HD resolution (1 920 x 
1 080 pixels) at 30 frames per second. For each respond-
ent a video of about 2 GB have been recorded. 
Conditions of registration is limited to the hospital envi-
ronment. The patient sits at the table in front of the win-
dow while recording the video. Lighting in the room is 
top and diffused.  The patient's face is illuminated evenly, 
there are no shadows.  
The patient sits in front of the laptop with a webcam at-
tached to the top of the screen. Distance from person to 
camera is from 30 to 90 cm. Face takes up 60% of the im-
age. 

Participants 

Medical advisers of our research group separated patients 
into two groups according to clinical observation: patients 
with schizophrenia and patients in the psychosis high-risk 
state. 13 respondents are with schizophrenia in the age 
from 17 to 25 (the average age 20 years), duration from 1 
to 24 months, the mean duration is 9 months with normal 
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Introduction 

Improving the methods of power supply is one of the 
most important areas for implantable medical devices 
(IMD) development [1], [2]. Wireless energy transfer by 
means of inductive coupling represents one of the possi-
ble solution. This technology is currently the main meth-
od of feeding cochlear implants [3], [4] and of the spinal 
cord stimulators [5], [6]. The prospective areas of applica-
tion include energy supply systems for mechanical sup-
port of blood circulation [2], [7], visual prostheses [8], [9] 
and active orthopedic implants [10]. 
There are areas of research on transcutaneous energy 
transfer using inductive coupling, an example is the de-
velopment of formal design and optimization methods 
developing to this day [11]. Important for solving prob-
lems in the implementation of such methods is to ensure 
the stability of energy transfer, when the receiving and 
transmitting coils are offset relative to each other, as well 
as increasing the efficiency of energy transmission [12], 
[13]. 
The formal rules for determining the boundary and initial 
conditions must be defined in order to optimize the geom-
etry of the coils. One of these rules can be the determina-
tion of the optimal distribution of the turns in the induc-
tive coil, at which the coupling between them is stable, 
and the energy transfer efficiency is sufficient for power 
supply of the device. 

Materials and Methods 

One of the key problems in the use of inductive coupling 
for transcutaneous energy transfer is accounting for and 
compensating for the effect of coil bias on the system 
output characteristics [1]. Misalignments are usually di-
vided into axial (d, change in the longitudinal distance 
between the coils), lateral ( , misalignments of the coils 
in a plane perpendicular to the axis of the receiving coil) 
and angular ( , change in the angle between the axes of 
the coils). In this case, the greatest influence on the sys-
tem characteristics is caused by lateral misalignments, 
since the magnitude of the axial and angular misalign-
ments is to a considerable extent limited by the system 
geometry. Numerical simulation of the energy transmis-
sion system allows to investigate this problem with the 
aim of solving it. With the help performed calculations, it 
is possible to realize the energy transfer system with vari-
ous geometrical parameters of the coil pair and their misa-
lignments. 

In the course of theoretical study, points of zero mutual 
inductance (Mzero) were located. In this case, both the axi-
al misalignments and the geometric configurations of the 
coil couple were changed. Thus, using the numerical sim-
ulation, the graphs shown in figures 1, 3, 5 were obtained. 
 

 

Figure 1: The ratio of axial to lateral misalignments for 
points of zero mutual inductance as a function of one- 

- - ( ) and four-turn ( ) coils. Fixed 
outer diameter 50 mm, internal diameter 50 ... 25 ... 16.6 

... 12.5 mm, winding pitch 0 ... 12.5 ... 8.3 ... 6.25 mm, the 
number of revolutions is 1 ... 2 ... 3 ... 4, respectively. 

 
Figures 1 and 3 shows a graphs of the dependence of the 
axial misalignments of the lateral for the zero point of the 
mutual inductance. The calculation was performed for 
four symmetrical coil couple with a value of the number 
of turns from 1 to 4. The outer diameter (Dout) was fixed 
at a value of 50 mm (Fig. 1) or 100 mm (Fig. 3) for all 
four simulated coils. The pitch between turns was chosen 
in such a way that it was equal to Dout / 2n, where n is the 
number of turns. 
 

 

Figure 2: Mutual inductance versus lateral misalign-
ments. Fixed outer diameter 50 mm, internal diameter 50 
... 25 ... 16.6 ... 12.5 mm, winding pitch 0 ... 12.5 ... 8.3 ... 

( )  ... 
4( ), respectively. Axial misalignments 15 mm. 

 
In the course of another theoretical study, the mutual in-
ductance was found to depend on lateral misalignments. 
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Introduction 

Movement reproduction and control in medical practice is 
an important technological and engineering task. Recent-
ly, the development of artificial muscles (AMs), which 
are in demand in many fields of medicine, has been in fo-
cus of medical professionals and engineers. The research 
in this direction include concerns creating artificial heart 
muscle patches and sphincter cuffs for different body 
parts (urethra, anal canal, and lower esophagus). The 
AMs are widely used as executive mechanisms (actua-
tors) in prostheses, exoskeletons, implanted drug delivery 
tools, etc. Medical engineers face the problem of design-
ing light, biocompatible, and reliable AMs, which would 
be safe for humans and characterized by the low power 
consumption and acceptable operating temperature. In 
view of the aforesaid, the properties of various materials, 
including polymers and nanocomposites, promising for 
fabricating AMs have been studied. One of the fundamen-
tal properties of such materials is their high biocompati-
bility. It is proposed to use mainly electroactive polymers 
and nanocomposites containing carbon nanotubes 
(CNTs). The latter deserve much attention, since they are 
characterized by the combination of the high strength, 
flexibility, elasticity, and electrical conductivity. 
Here, we made a brief literature review of the current 
state of research and development in the field of AM 
drives and prototypes and discuss prospects of their appli-
cation in medical practice. 

Artificial Muscles 

A.  Pneumatic artificial muscles 

The McKibben mechanical drive operates by pumping a 
fluid or gas under pressure into a chamber bounded by a 
rigid braid [1]. A new-type McKibben muscle uses paraf-
fin as an expandable material, which is heated to a tem-
perature of   This type of muscles has certain ad-
vantages over the liquid type, but is not compact, hard to 
control, has a high operating temperature, and, thus, inap-
plicable in medicine.   
A pneumatic artificial muscle (PAM) drive offers great 
potential for prosthetics, since it is characterized by the 
high power density (Pm ) and exhibit other 
properties of natural human muscles [2].  A PAM pros-
thesis provides a torque sufficient for the knee joint in 
performing the high-energy human motor functions (fast 

walking, climbing stairs, etc.) and imitating normal gait 
parameters [3].  
The trigger mechanism for a hydraulic artificial muscle 
(HAM) is similar to that of a PAM, but the HAM has sev-
eral advantages, e.g., ductility, low weight, easy mainte-
nance, and low cost [4]. The PAMs and HAMs are de-
signed as drives for robotics and various engineering 
products. Sometimes, they can be used for external 
strengthening of human limb movement, but are not in-
tended for invasive use as artificial human muscles. 

B.  Electroactive polymers 

Electroactive polymers (EAPs) have some characteristics 
similar to those of natural muscles. In particular, they are 
driven by electric pulses [5]. Usually, the EAP materials 
are divided into two main groups: electronic (activated by 
the electrostatic field) and ionic (activated by ion 
transport). The group-I EAPs are high-
develop a low power (Pm  0.1 kW/kg), and exhibit the 
high efficiency ( ).  The group-II EAPs are 
considered to be low-  and have high power 
and low efficiency (C ). 
Obviously, the group-I EAP materials are inapplicable for 
use in artificial muscles (prosthesis and implants) because 
of the high-voltage breakdown danger. The EAPs 
contained in ionic polymer composites and metals are 
promising for creating various medical products, 
including electroactive AMs, distributed biomimetic 
nanoactuators, nanoconverters, nanorobots, and nanosen-
sors. They are characterized by the combination of high 
load force and low electric voltage (1 3 V) [6]. Ion EAPs 
is, in fact, functional materials for the development of 
AMs. Their low-voltage power supply ensures the high 
safety; the polymer surface electrodes made of noble met-
als (Au, Pd, Pt, etc.) provide the acceptable biocompati-
bility and make these materials suitable for use in inva-
sive medical implants. For example, the ionic EAP-based 
AM is designed to fabricate artificial sphincters of the 
lower esophagus, anal canal, urinary canal urethra, and 
heart muscle patches [7]. The EAPs based on the elastic 
ionic polymers and electrodes are immersed in an 
electrolyte and all parts are encapsulated in an elastic 
hermetic. Such a system represents an AM prototype and, 
depending on its characteristics (mechanical, power, and 
others), can be used in medical practice [8]. However, this 
direction is still at the stage of intense research and a 
practical AM prototype for medical applications has not 
been fabricated yet. 
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Introduction

Management of Diabetes has become a world-wide issue

affecting patients of wide age ranges. To avoid diabetes

induced complications from hyper and hypo-glycemia, pa-

tients need to frequently monitor their blood sugar levels

multiple times. However, the most prevalent method of

blood glucose monitoring is invasive [1, 2], which is un-

comfortable to patients, carries risk of skin infections, and

is inconvenient for long-term usage. As has been men-

tioned in multiple review articles [3,4], the development of

a reliable noninvasive glucose meter (NGM) has vast mar-

ket potential and is urgently needed. Currently, major chal-

lenges to overcome in NGM are the low signal to noise ra-

tio and poor accuracy: introduced by variable temperatures

and skin surface humidity etc., necessitating additional cal-

ibration among individuals [5]. Fortunately, recent studies

found that the efficiency of NGM could be significantly im-

proved by integrating multiple sensing techniques [6, 7].

In this study, we combine two technologies: namely the

Pulse-Echo Ultrasound (PEU) and Near-Infrared Spec-

troscopy (NIRS), to measure blood glucose level non-

invasively. These technologies are based on the essential

properties of light and ultrasound transmission in tissue.

For PEU, an ultrasound pulse is generated using an ultra-

sound pulser and transmitted through the tissue. A smooth

metal disk reflects this signal and transmits the sound back

to the source where it is detected by a transducer. The echo

arrival time is dependent on the speed of sound in the tissue.

As the speed of sound now depends on the glucose concen-

tration, the time of arrival of the reflected signal (also re-

ferred to as time lag) becomes a proxy variable for glucose

concentration [8]. For NIRS, light attenuation in tissue can

be expressed as: Fout = Fine−µe f f d where Fin & Fout are the

incident and output light fluencies, µe f f =
√

3µa(µa +µ ′

s)
is the effective attenuation coefficient, µ

′

s is the reduced

scattering attenuation coefficient and µa is the absorption

attenuation coefficient [9]. Scattering and absorption varies

with glucose concentration for near infrared light [10]. It

is also known from Kirill’s work that transmitted optical

signal intensity decreases when glucose concentration in-

creases [2]. Hence by monitoring attenuation of an optical

signal through a tissue, we can potentially determine glu-

cose concentration levels.

Since both these methods use distinct measures (time of ar-

rival and effective optical transmission) to estimate blood

The first two authors contributed equally to this work.

glucose level, PEU and NIRS in conjunction provide a re-

liable method to estimate glucose levels non-invasively. In

vitro experiments are done to collect data, two modelling

techniques are investigated to estimate glucose levels and

resulting prediction results are presented.

Experimental Setup

Figure 1 shows a schematic of the system. For ultrasound

detection, the sound wave is detected by a piezoelectric

disk whose central frequency is 4.25 MHz (7×0.5 mm R

Wire Leads, Steminc). An ultrasound pulser (5055 PR,

Panametrics) is connected to disk to generate the ultra-

sound pulse. An oscilloscope is used to acquire the PEU

data (TDS5054 digital phosphor oscilloscope, Tektronix).

For the NIRS part: a laser diode of 950 nm is used. The

laser diode is controlled by a Laser Diode Combi Con-

troller (ITC510, Thorlabs) which is modulated by a func-

tion generator (SDG2042X, Siglent) with a 100 Hz sine

wave output. Transmitted near infrared light is detected by

a InGaAs Switchable Gain Amplified Detector (PDA10CS,

Thorlabs). Glucose solution is contained in a lab made tank

(blue block in the schematic) of dimensions 200×100×20

mm, with a window size of 100×70 mm. The window is

covered with plastic membrane whose thickness is 0.3 mm.

The laser detector and piezoelectric disk are placed on one

side of the tank, whereas the ultrasound reflector for ultra-

sound and laser diode is placed on the other side. Gel is

used to couple the piezoelectric disk to the tank to facili-

tate efficient acoustic transmission. To reduce system size,

the laser output is routed through an optical fiber. During

the in-vitro experiments, the tank was filled with serum-

glucose solution with a pre-determined glucose concentra-

tion and was maintained at a constant 20◦C temperature.

The setup can easily be adapted for in-vivo experiments by

switching the arrangements shown in the red dotted boxes.

Data

PEU Dataset

PEU data is collected in the following way. An ultrasound

signal is sent from the transducer (from one side of the

tank). This signal is reflected back from the other side of

the tank and is detected after a specific time interval. This

time interval is now dependent on the speed of sound in-

side the tank medium which in turn is dependent on the

glucose concentration inside the tank. Therefore, by ob-
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Introduction 

Carbon nanotubes (CNTs) attract the attencion of re-
searchers due to theit electronic, optical, thermal and me-
chanical properties [1]. Thus, there is a tendency to in-
crease the applicability of CNTs for the nanomaterials 
creation for various purpose, including medical ones. 
This work is devoted to the creation of three-dimensional 
tissue-engineered structures based on albumin and colla-
gen proteins with an inner scaffold made of CNTs. Such 
structures are well suited as implants for the cardiovascu-
lar system due to their high biocompatibility, ability to 
biodegradation [2] and ensuring the germination of blood 
vessels net. 
Therefore, it is obvious that it is necessary to obtain de-
tailed information on the structural changes that occur 
during laser radiation influence. Under the influence of 
this kind of high-intensity radiation on the local area of 
protein dispersion with CNTs, phase transformations with 
the formation of a three-dimensional tissue-engineered 
structure take place. And in the case of using laser beams 
of nanosecond duration, nonlinear effects arise. That is 
why it is necessary to conduct Z-scan and fixed sample 
location experiments to determine the dependence of the 
total absorption coefficient on the intensity, which is im-
portant to consider during the formation of the tissue-
engineered structure [3]. 
As a result of this work, nonlinear properties of protein 
aqueous dispersions with CNTs were determined using a 
method based on the radiation transfer equation [4]. The 
beam radius values were measured depending on the loca-
tion of sample relative to the focus of the lens and a com-
parison of these data with the theoretical ones was made. 
In this way, the values of the input light fluence which fell 
on the local region of the sample during the formation of 
the tissue-engineered structure were determined. 

 
Materials and Methods 

Aqueous dispersions of bovine serum albumin (BSA) 
with a concentration of 25% and bovine collagen (BC) 
with a concentration of 2% and similar dispersions with 
single-walled carbon nanotubes (SWCNTs) were investi-
gated in the study. 
To prepare the dispersion with CNTs, they were premixed 
in a homogenizer with water with a mass concentration of 
0.03% until a homogeneous solution was obtained. This 
solution was then mixed with the protein water dispersion 
and processed in an ultrasonic bath for 40 minutes. 

Results 

As shown in fig. 1, as the input energy density increases, 
the BSA dispersion with CNTs exhibits strong nonlinear 
effects (fig. 1b). This is reflected in the sharp weakening 
of the normalized transmission and, correspondingly, in 
the increase of the laser radiation absorption. An absorp-
tivity increase is also observed for the dispersion without 
CNTs, but it is insignificant (fig. 1a). The theoretical 
curves were plotted from the results of optical parameters 
calculations. 

 
Figure 1: Normalized transmittance dependence on input 

light fluence for: A  BSA, B  BSA+SWCNT 
 
Fig. 2 shows the normalized transmittance for collagen 
dispersions without nanotubes (fig. 2a) and with nano-
tubes (fig. 2b). To better trace the behavior of the sample 
at low values of the input light fluence, the dependence 
data are presented on a logarithmic scale. Collagen dis-
persion also show an increase of the laser radiation ab-
sorption when CNTs were added, but it is weaker than for 
BSA dispersions. The nonlinear properties of protein dis-
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Introduction 
The biomechanical characteristics of arterial vessels as-
sessed from a short segment (local estimates) are key car-
diovascular clinical markers [1]. Local measurement of 
artery condition has the potential to quantify the prognos-
tic value for the prediction of cardiovascular morbidity 
and mortality. The elastic properties of large arteries af-
fect locally during the pathophysiological process of vari-
ous vascular disease such as atherosclerosis [2]. Pulse 
wave velocity assessed from a short vessel segment (local 
PWV) has been considered as an indicator of arterial 
stiffness. Local PWV is shown to correlate well with the 
mechanical characteristics of an artery over a wide physi-
ological range [1, 3]. Researchers have demonstrated the 
potential of local PWV to evaluate blood pressure (BP) 
parameters locally from an artery without using the con-
ventional bladder-type pressure cuff (cuffless technique) 
[4  6]. Simultaneously measured local PWV, arterial di-
mensions and local BP parameters are essential to accu-
rately characterize and quantify the elastic behavior of 
central and peripheral arteries [1]. 
 
A standard approach for local PWV measurement relies 
on simultaneous acquisition of the propagating blood 
pulse waves from two distinct locations at a known sepa-
ration within a small arterial segment. Time 
taken for the blood pulse wave to travel  
(pulse transit time [ ]), is obtained as the time delay be-
tween an identifiable point (fiducial point) on the proxi-
mal and distal pulse cycle pair. Following the fundamen-
tal distance-time equation, local PWV is then calculated 
as;  Typically, only one measure of 
local PWV per cardiac cycle obtained from the reflection-
free period is used for the quantitative characterization of 
an artery. However, local PWV is not a constant within a 
cardiac cycle, which otherwise varies proportionally to 
the instantaneous change in arterial pressure. Recently, 
we have proposed a calibration-free technique for cuffless 
BP measurement by tracking the variation in local PWV 
over the cardiac cycle [7]. This approach requires simul-
taneously measured local PWV and arterial dimensions 
from multiple points over the cardiac cycle. Such a meth-
odology has the potential to revolutionize the convention-
al subject- and/or population-specific calibration-based 
cuffless BP evaluation techniques. 
 
In this work, a method and system for direct measurement 
of local PWV variation over the cardiac cycle have been 

presented. A novel dual-element magnetic plethysmo-
graph (MPG) arterial compliance probe was developed. 
An application-specific dual channel blood pulse signal 
acquisition electronics hardware and fully automated 
pulse wave analysis algorithms were used for accurate 
measurement. An in-vivo validation study was conducted 
on 15 healthy volunteers to demonstrate the feasibility of 
local PWV evaluation from multiple fiducial points. 
Measurements were performed from the carotid artery us-
ing the dual-MPG probe in a beat-by-beat manner. Design 
of the arterial compliance probe, hardware implementa-
tion, and measurement algorithms are discussed in detail. 
In-vivo validation study results and observations are also 
summarized in the following sections, along with the 
limitations of the current study and recommended future 
research direction.  
 
Pressure Dependency of Local PWV  
The pulse wave initiated by blood ejection from the heart 
represents a propagating wave (in a fluid) through an elas-
tic vessel. The velocity of traveling waves through an ar-
terial 
the equations/expressions) depends on physical character 
traits of the . A theoretical 
model describing the propagation of blood pulse wave in 
a cylindrical elastic vessel with an incremental modulus 
of elasticity E, inner radius R and wall thickness h was 
introduced by Moens and Korteweg [8], which can be ex-
pressed as in (1). 

 
  ( 1 ) 

The product of E and h is proportional to the ratio of ten-
sion  to the fractional amount of 
circumferential stretching, caused by the transmural pres-
sure (P). Therefore, an increment in the lumen radius (dR) 
due to a small rise in pressure (dP) is given by the follow-
ing expressions [9], 

   
 

  

 
 
 

( 2 ) 
where dA is the instantaneous change in arterial cross-
sectional area A. Substitution of (2) into (1) yields the 
well-known Bramwell-Hill equation of the form: 

 
 . ( 3 ) 
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Introduction 
Arterial blood pressure (BP) parameters are key hemody-
namic indices often used for screening and diagnosis of 
various pathophysiological conditions. Brachial artery BP 
measurement using a bladder-type pressure cuff and 
sphygmomanometer (auscultatory or oscillometric tech-
nique) is a routine part of clinical assessments. Over the 
past few years, the interest in methods that allow non-
invasive, cuffless evaluation of BP parameters has in-
creased to overcome the fundamental limitations of cuff-
based techniques [1]. Cuffless techniques rely on explor-
ing the relationship between BP and BP-dependent non-
invasively measurable physiological parameters. Such 
theoretical or heuristic mathematical models generally 
require subject- and/or population-specific calibration 
procedure to quantitatively convert the acquired physio-
logical parameters into pressure. Pulse transit time esti-
mates, arterial vessel characteristics, and various hemo-
dynamic indices are typically utilized to implement cuf-
fless BP evaluation techniques [2]; these parameters are 
subject specific. Hence, a calibration curve and/or BP 
prediction model that is tailored to each subject would be 
optimal for accurate measurement [3]. Further, these cali-
bration curves/models would have to be updated at regu-
lar intervals for accurate and reliable BP evaluation [2]. 
 
In order to develop subject-specific calibration curves or 
data-driven prediction models, the desired input physio-
logical parameters should be recorded over a wide range 
of BP values from the subject. For this, resting BP level 
should alter via suitable BP perturbing interventions. Cal-
ibration curves or prediction models obtained through da-
ta recorded from a single intervention may not be effec-
tive for accurate BP evaluation [2]. Subject-specific data 
obtained from multiple interventions that perturb BP 
through different physiologic mechanisms could poten-
tially provide reliable prediction models. Hemodynamic 
interventions such as drug-induced methods, anesthesia 
induction, and intensive care unit (ICU) therapies are typ-
ically followed to produce major BP changes over a wide 
physiological range [4]. However, these approaches are 
technically demanding, highly invasive, require well-
trained physicians with clinical and/or research experi-
ence, and limited to hospitalized subjects. Therefore, sub-
ject-specific calibration curve/model construction and re-
calibration via invasive interventions cannot be adopted to 
realize cuffless BP techniques for wearable devices and 
routine screening applications. Practically feasible non-

invasive interventions are needed to perturb BP parame-
ters during the design, validation and recalibration phases 
of cuffless BP devices. 
 
In this work, we evaluated the variation in brachial BP 
parameters during multiple hemodynamic interventions 
that change the BP level through different physiological 
mechanisms. Five non-invasive interventions namely; (i) 
cold pressor test, (ii) treadmill-running exercise, (iii) men-
tal arithmetic, (iv) leg-raise test, and (v) sustained hand-
grip test were preferred for the validation study. These BP 
perturbing interventions could be safely performed in la-
boratory/non-specialist settings without the assistance 
from a physician or a trained investigator. Further, they 
could mimic various daily life activities such as experi-
encing cold weather conditions, brisk walk or performing 
strenuous exercise, stressful situations et cetera. An in-
vivo study was conducted on randomly recruited normo-
tensive subjects in order to characterize the BP altering 
strategies of aforesaid interventions. Measurement proto-
col of the performed study, BP perturbing procedure, rec-
ommended experimental conditions, in-vivo study results 
and observations are discussed in the following sections. 

Materials and Methods 

Subject Selection 
Fifteen normotensive subjects ranged in age from 22 to 34 
years comprising of males and females (body mass index 
= 22  29 kg/m2) were recruited for the present in-vivo 
study. The study objectives and measurement protocol 
were explained to each participant and their written in-
formed consent was obtained. This study conforms to the 
principles outlined in the Declaration of Helsinki. Before 
data collection, participants were requested to relax for 5 

 10 min to reduce their anxiety and to bring the BP pa-
rameters and heartrate to the normal level.  

Study Protocol 
The in-vivo validation study was designed by including 
five hemodynamic interventions listed in tab .1. Systolic 
BP (SBP), diastolic BP (DBP), mean arterial pressure 
(MAP) and heartrate were repeatedly measured from the 
brachial artery under (i) physically relaxed condition, (ii) 
during an intervention, and (iii) post-intervention recov-
ery period. Measurements were performed using a clinical 
grade automatic BP monitor (SunTech® 247TM  SunTech 
Medical Inc. NC, USA; resolution = 1 mmHg) with a 
bladder-type pressure cuff. During the study, resting BP 
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Introduction 
Non-invasive assessment of arterial elastic properties is of 
high interest in cardiovascular research and screening of 
the vascular health. Over the last decades, a great empha-
sis has been placed on quantifying arterial stiffness, and 
its pathological significance is asserted in various epide-
miological studies [1]. Typically used arterial elastic indi-
ces such as distensibility coefficient (DC), compliance 
coefficient (CC), and Peterson modulus (EP) provide the 
measure of the functional stiffness of the artery. On the 
other hand inc) 
quantifies material or intrinsic stiffness and hence proper-
ly characterizes the non-linear elastic behavior of the ar-
tery [2]. It has been recently demonstrated that the stand-
ard deviation in Einc is an independent biomarker of coro-
nary heart diseases [3]. The absolute value of Einc varies 
within a cardiac cycle during diastolic to systolic phase. 
Accurate evaluation of these variations can be potentially 
used to quantify the degree of non-linearity in the elastic 
properties of an arterial section. Further, these variations 
can form a basis for tracking the variation in pulse wave 
velocity over the cardiac cycle [4], and cuffless evaluation 
of arterial blood pressure (BP) parameters without any 
calibration procedure [5]. 
 
Accurate evaluation of Einc of a particular artery requires a 
local evaluation of arterial dimensions (diameter, wall 
thickness, distension) and transmural pressure simultane-
ously. High fidelity pressure and diameter waveforms are 
a mandate to efficiently track the variation of the Einc over 
a cardiac cycle. State of the art techniques use B-mode or 
M-mode ultrasound modalities for estimation of arterial 
wall thickness and diameter waveforms [6, 7]. Local pres-
sure waveforms required for the evaluation of Einc are typ-
ically obtained using applanation tonometric transducers. 
However, for simultaneous acquisition of diameter and 
pressure waveforms using such modalities are prone to 
practical limitations due to the design form factor of the 
probes [8]. Further, the waveforms can be subject to in-
herent phase delays due to (i) the acquisition of the de-
sired waveforms from two distinct arterial sites separated 
by a significant distance, and (ii) the lack of time syn-
chronization between the acquisition modules of pressure 
and diameter waveforms. The devices realized using the 
aforementioned technique have not gained widespread 
applicability for large population screening due to the ne-
cessity of skilled operator and portability issues. 

In this work, we propose a non-invasive measurement 
system for the evaluation of Einc and its variation over a 
cardiac cycle in a beat-by-beat manner. The system uses a 
novel custom-designed probe which includes a single el-
ement ultrasound transducer and a tonometer for simulta-
neous measurement of arterial wall thickness, diameter, 
and pressure waveforms. The probe design was optimized 
to ensure that the measurements were localized over a 
small arterial segment, resembling single-site measure-
ment. Online evaluation of the desired arterial dimensions 
without an ultrasound image was performed using our 
clinically validated ARTSENS® technology [9, 10]. The 
developed prototype system was experimentally validated 
by an in-vivo study of 10 subjects. The systolic and dias-
tolic Einc were evaluated from the left common carotid 
artery (LCCA). The proposed measurement system archi-
tecture, validation study protocol, results, and observa-
tions are discussed in the following sections. 
 
Principle of Einc Evaluation 

with 
wall thickness (h) is developed due to the tension (T) act-
ing on the arterial walls against the internal distending 
pressure (P), is given as in (1).  

 
 ( 1 ) 

Where, T is related to end-diastolic diameter (Dd) accord-
ing to the Laplace law by considering thin wall assump-
tion (Dd >> h), which can be expressed as in (2). 

 
 ( 2 ) 

circumference due to a small increment in pressure (dP) 
can be obtained as follows; 

 
 ( 3 ) 

Th
to the stress on the arterial walls can be expressed in 
terms of change in luminal diameter (dD) and Dd as in (4). 

 
 ( 4 ) 

Further, Einc 
can be obtained by dividing (3) and (4), which can be ex-
pressed as is given in (5). 

 
 ( 5 ) 
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Introduction 

The creation of three-dimensional frame materials is an 
urgent task for various fields, from biomedicine to emis-
sive electronics. Creation of carbon nanotubes (CNTs) 
frame with strong heating by laser irradiation has been 
described [1]. The heating provides the connection of sin-
gle-walled nanotubes to each other in defective areas of 

scribe the mechanism of carbon nanotubes pattering under 
laser irradiation in a protein matrix to create a nano-
material for tissue-engineering. To understand the nature 
of the nanotubes pattering in the frame, we considered the 
features of the interaction of defective regions and open 
ends of CNTs with laser radiation in the UV-visible-IR 
range. Defective areas inefficiently divert heat, so with a 
general heating of the nanostructure, these areas overheat 
more noticeably and can eventually collapse [2, 3]. Patter-
ing of biostructures with a carbon nanoframe in protein 
matrix under the influence of pulsed laser radiation was 
studied. It was also experimentally confirmed that laser 
pulse of nanosecond duration has a structuring effect on an 
array of CNTs. These biostructures with a carbon 
nanoframe in protein matrix can be used as bulk bio-
materials for restoration of defects in damaged tissues, 
due to their ability to enhance cell proliferation and tissue 
regeneration [4 - 6]. 
 

Materials and Methods 

If we consider the energy absorption in the case of a nor-
mal incidence of a plane electromagnetic wave, then it is 
possible to calculate the absorption coefficient. Maxwell's 
theory and the quantum-mechanical approach are used in 
this case. The nanotube array acts as the interface between 
the two media. Both media are vacuum. We consider the 
process of interaction of a network of nanotubes with an 
incident wave that passes from vacuum through a network 
of nanotubes to vacuum again. We considered waves with 
a vector E directed along the nanotube axis and perpen-
dicular to it. The absorption coefficient was determined 
by the formula: 

,  (1) 
where |R|2 and |T|2 are the squares of the modules of com-
plex reflection and transmission coefficients. We have 

taken the most frequently synthesized single-walled car-
bon nanotubes such as armchair and zigzag. Their diame-
ter was 0.7 - 3 nm. We investigated nanotubes with de-
fects of 1V type (one vacancy of the carbon atom), 2V 
(two vacancies of carbon atoms), SW (defect of the con-
nection rotation) and mixed type 1V + SW. Nanotubes 
with open ends were also investigated. Laser radiation 
was considered in the wavelength range of 0.01-
Carbon nanotubes absorb energy depending on the chi-
rality and polarization of the wave. 
Based on the results of the study of the absorption of laser 
beam energy by defective parts of CNTs, we carried out a 
series of numerical experiments of the binding of nano-
tubes in an aqueous solution. In an aqueous solution, 
nanotubes can move relatively freely. The process of 
binding of two nanotubes with defects of 2V, 1V, SW and 
SW + 1V types was simulated. These defects, as it was 
shown above, allow the defective sections to absorb ener-
gy by ~ 50% more at a certain wavelength. Numerical ex-
periments were carried out by the method of molecular 
dynamics using adaptive intermolecular reactive empiri-
cal bond order potential to describe the behavior of de-
fect-free nanotube regions and the environment and the 
self-consistent charge density functional tightbinding 
method, which describes the appearance of covalent 
bonds between tubes. The simulation step was 0.1 fs.  

For the experimental studies, we used single-walled 
nanotubes, which were synthesized by an electric arc 
method on a Ni-Y catalyst. They were further purified in 
air with washing in HCl and carboxylated in a mixture of 
HNO3 / H2SO4, then washed with water until neutral reac-
tion. Analysis of the results of Raman spectroscopy 

nm, and that there were defective structures in the array of 
tubes. As the protein matrix, an aqueous solution of al-
bumin and collagen was used. For the pattering of protein 
biostructures with a carbon nanoframe, a Ti: Sa femtosec-
ond laser of 810 nm with a pulse duration of 140 fs and a 
repetition rate of 80 MHz was selected. 
In addition, the experimental studies of the interaction of 
pulsed laser radiation with an array of carbon nanotubes 
grown on a silicon substrate were carried out. The sample 
was located perpendicular to the laser beam at the lens 
focus F=10 cm. CNTs were grown by PE-CVD method 
with Ni-Ti (10/2 nm) catalyst in C2H2, Ar and NH3 at-
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Introduction 

The rapid development of medical technology enables 
new treatment methods and leads to a strong increase in 
minimally invasive surgical interventions. For this reason, 
more and more specific devices are constantly being add-
ed to the OR. At the same time the OR staff faces the 
challenge to manage the adjustment and timely provision 
of these devices during surgery [1]. Similarly, nursing 
teams in Germany are increasingly understaffed and are 
consequently filled with staff from other European coun-
tries that may have difficulties knowing the specific terms 
in the OR or understanding the requirements for each sit-
uation [2]. 

 

 

 

 

 

 

 

 

Figure 1: Exemplary application of the HoloLens for 
medical training (Source: caehealthcare.com) 

Strategies and measures must therefore be developed to 
ensure and further improve efficiency, safety and outcome 
of the intervention. This requires solutions that bring staff 
and technology closer together in order to simplify system 
management of the OR, reduce communication issues and 
improve staff collaboration. 

Mixed Reality (MR) applications may be a key technolo-
gy to make this vision a reality. They are capable of 
providing information by more general means than pure 
language. At the same time, recent developments in ma-
chine learning allow enhanced image detection [3], work-
flow recognition [4] and natural language processing [5] 
in real time during surgery. In their combination these 
techniques may enable technical systems to robustly in-
terpret the current surgical context, automatically provide 
the required information at the right time and react flexi-
bly to changing demands. 

In addition to providing solely information, MR applica-
tion would further allow to sterilely adjust most devices in 
the OR from a central entity. Previously, this technology 
has already been used for medical training [6] (also see 
Fig. 1) and specific surgical applications [7]. However, 
most developments have mainly focused on the surgeons 
and less on the remaining OR staff so far. 

Under these assumptions this paper investigates the po-
tential of mixed reality applications for sterile interaction 
within the collaborative operating room. An exemplary 
use case of an assistive device that supports the scrub 
nurse in selecting the correct instruments is presented and 
evaluated in an initial user experience experiment. 

 

 

 

 

 

 

 

Figure 2: Image of the HoloLens (Microsoft, Redmond, 
WA, USA) as used in the presented mixed reality applica-

tion (Source: microsoft.com) 

 

Materials and Methods 

To realize a simple prototype of the envisioned system, 
we employed a Microsoft HoloLens (see Fig. 2). The Ho-
loLens is a wearable device that enables the augmentation 
of the physical world with virtual entities. It is equipped 
with a multitude of sensors that enable the device to local-
ize itself within the environment (spatial mapping) and 
enable various modes for user interaction.  

Spatial mapping is performed by means of 4 greyscale 
cameras and a time-of-flight (TOF) sensor that enhances 
the camera images with further depth information. An ad-
ditional inertial measurement unit (IMU) may also meas-
ure acceleration and spatial orientation. By combining all 
different sensory data, the HoloLens is able to locate itself 
and project holograms at any desired location within the 
room. All necessary sensor fusion is directly processed on 
the  computer.  
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Introduction 

High resolution manometry (HRM) of the esophagus 
is the gold standard in the diagnosis of esophageal 
motility disorders[1]. However, it only measures a 
short period of time and allows only to distinguish 
between the most common esophageal motor ab-
normalities with the help of Chicago Classification[2]. 
As the measurements take place in clinic for a very 
limited period of time only little is known about cir-
cadian changes in esophageal motility. Especially for 
patients with intermittend symptoms conventional, 
short-term HRM cannot assess the underlying causes 
of the disease precisely. 

Therefore, we prolonged the time of measurement to 
a full of 24 hours using a combined ambulatory im-
pedance-manometry device consisting of 36 pressure 
channels and 15 impedance channels[3]. With this 
setting it is possible to examine esophageal motor 
function throughout a whole day whilst the patient is 
following her/his normal duties.  

The aim of our project was to etablish normal values 
for healthy persons and to identify patients with tran-
sient esophageal problems as only little is known 
about normal and pathological patterns when exam-
ining esophageal motor function and dysfunction 
throughout a whole day. 

Materials and Methods 

For the longterm high resolution manometry (HRM) 
we used a 10 French Solide State Manometry cathe-
ter designed for high resolution impedancomanom-
etry studies (Unisensor, Attikon, Swiss). In the probe, 
the esophageal pressure values  are already digital-
ized and sent to the portable recording unit 
(Standard Instruments, Karlsruhe, Germany). With 
the power supply of two standard lithium AA-
batteries the systems allows studies up to 26 hours. 
The recording unit has an internal memory of 1 GB 

size and can store pressure plots of 36 pressure 
channels with a rate of 50 Hertz without the necessity 
of data compression. 

 
Figure 1: Device for ambulatory high resolution ma-

nometry of the esophagus 

In addition to the huge amount of pressure raw data, 
complementary information on body position, eating 
and drinking habits as well as sleeping is integrated 
into the dataset. 

With this newly developed device we have been re-
cording more than 80 longterm high resolution man-
ometries since the beginning of our project. Technical 
and clinical feasibility was documented prospectively 
and iteratively improved. 

Evaluation 

The 24 hour recordings of normal, healthy test per-
sons were manually analysed. An extended Chicago 
classification system was used (Fig. 2). 
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Introduction 

Common diseases of the cardiovascular system include 
pathological changes in connective tissue structures of the 
heart and large blood vessels due to atherosclerosis, in-
flammatory lesions, congenital inferiority or mechanical 
damage. These diseases led to the development of meth-
ods for creating tissue-engineered structures implanted in 
the area of damage to the tissues of the heart and blood 
vessels [1]. Such methods involve the formation of a 
three-dimensional biocompatible scaffold with its subse-
quent filling with living cells. One of the most effective 
and modern methods of creating such scaffolds is laser 
printing. 
Biological and synthetic materials are used to create cellu-
lar and tissue engineering structures for the restoration of 
the cardiovascular system [2]. However, biological mate-
rials have deficiencies associated with the possibility of 
transmission of infections, and synthetic compounds do 
not provide the necessary mechanical and bioresorbtion 
characteristics. In view of this, there is a need for new 
materials for tissue engineering in the field of the cardio-
vascular system. 
To create the considered structures it is proposed to use 
chitosan, basically this aminosugar is used as a matrix 
medium for fillers in the form of functional particles [3, 
4]. The addition of carbon nanotubes to natural or synthet-
ic polymer structures enhances the mechanical properties 
and enhances the electroconductive and physiological 
properties of the structure for restoring the tissues of the 
cardiovascular system [5]. 
In this paper, we present a study of chitosan-based sam-
ples with inclusions in the form of carbon nanotubes in 
order to use the composition as a starting material for the 
preparation of cellular and tissue-engineered structures 
used in cardiovascular surgery. 

 
Materials and Methods 

Two types of water-soluble chitosan, edible and succin-
ate, were used in this study. Edible chitosan (EC) was ob-
tained from high-molecular chitosan by chemical hydrol-
ysis and was a cream colored powder with a main sub-
stance content of 88.4%, a moisture content of 3.13% and 
mineral substances of 0.53%. Chitosan succinate (CS) is 
derived from crab chitosan by interaction with succinic 
anhydride. The material was a pearl-cream powder with a 
residual moisture content of 4.79%, the pH of the aqueous 
solution was 7.7. 

As a filler for the creation of samples, 2.7% aqueous paste 
based on single-walled carbon nanotubes (SWCNTs) was 
used. SWCNTs were obtained by gas-phase synthesis 
with a wash to 99% purity. The diameter of the tubes was 
1- The feature of nano-
particles was a high specific surface area  420 m2 / g. 
Water dispersion media (dispersions) based on SWCNTs 
with EC and CS were obtained. First, SWCNTs were 
mixed on a magnetic stirrer for 20 minutes with distilled 
water to obtain a concentration of 10-5 %. The resulting 
dispersions were then subjected to a powerful ultrasonic 
field with a power amplitude of ~ 40 W for 50 min. Then 
a powder of EC and CS with a concentration of 1:49 was 
gradually added to the homogeneous dispersion of 
SWCNT. The mixture was then stirred in an ultrasonic 
bath with an operating frequency of 45 kHz for 40 
minutes. 
From the final dispersions obtained, film samples were 
prepared for the study by water evaporation upon the in-
fluence of laser radiation. A pulsed ytterbium laser (wave-
length 1064 nm) and a semiconductor laser (970 nm 
wavelength) with a power of no more than 5 W were used 
as sources of laser radiation. 
Raman spectra in the range 100-1800 cm-1 were meas-
ured using the LabRAM HR Evolution (Horiba) spectro-
metric complex. As a source of exciting radiation, a HeNe 
laser with a wavelength of 633 nm was used. 
Absorption spectra of samples in the IR range 4000-400 
cm-1 (2.5-
attenuation total reflection using the Nicolet iS50 Fourier 
spectrometer (Thermo). 

Results 

To study the degree of binding of the aqueous dispersion 
components of chitosan to carbon nanotubes (CNTs), 
characteristic amide bands on IR and Raman spectra of 
film samples were analyzed. To compare the spectra, con-
trol samples from pure components are prepared separate-
ly. 

IR Spectra 

Peaks on the spectrum of pure chitosan turned out to be 
shifted relative to the peaks of films based on chitosan 
and SWCNT, and their intensity was sharply changed, 
which indicates the molecules connection of substances 
among themselves. From the spectrum of EC (see fig. 1), 
it is seen that the intense peak near 3350 cm-1 is due to 
stretching vibrations O H and H H (stretching of bonds); 
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Introduction 

Traumatic injuries and loss of functionality in peripheral 
nerves often lead to life-long physical restrictions. Cur-
rently, the tension-free reconstruction of longer nerve de-
fects applying autologous nerve grafts is a gold standard 
in nervous tissue repair. However, the main disadvantage 
of this method - the complete loss of function of the donor 
nerve  has encouraged the scientific community to de-
velop new tissue-engineered nerve conduits. Biosynthetic 
nerve guides with innovative material properties could 
offer alternatives to the available on the market tubular 
implants with very variable regeneration success. Among 
materials for designing of artificial nerve conduits, the 
ones with inherent piezoelectric properties are of high in-
terest. Because of their proven biocompatibility, stimula-
tion of cell ingrowth and piezoelectric properties [1, 2], 
polyvinylidinefluoride (PVDF) and trifluoroethylene 
(PVDF-TrFE) are promising materials for designing ac-
tive implants for nerve regeneration. It is believed that the 
regeneration of severed nerves could be accelerated by 
these properties. The current work is based on our previ-
ous study [3] and aims to develop a measuring method to 
describe the electro-mechanical coupling parameter, so-
called the piezoelectric module. 

 

Materials and Methods 

Preparation of materials for testing: The polyvinylidene 
fluoride and its copolymer polyvinylidene fluoride-co-
trifluoroethylene were used as received without any puri-
fication. To prepare the polymer solutions, PVDF (Sigma-
Aldrich, MW ~ 530,000 Da) and PVDF-TrFE (Piezotech 
Arkema, weight ratio 70/30, MW ~ 450,000 Da) were 
dissolved in N.-Dimethylformamide (DMF) (Fluka Ana-
lytical) and acetone (AppliChem GmbH) in a weight ratio 
of 6:4. For the identification of favorable conditions for 
production of scaffolds, the solutions with PVDF concen-
trations of 10%, 15% and  20% as well as PVDF-TrFE of 
10%, 15% and 20% were prepared at 50 C and stored at 
room temperature overnight prior to electrospinning. 
Electrospinning of solutions: The indicated above solu-
tions were processed by means of electrospinning to form 
scaffolds (fiber mats) [4, 5]. With this method, fiber mats 
with different polymer mass contents were produced. The 
focus of the selected manufacturing process was to attain 
the most mechanically stable fiber mats possible. For this 
purpose, a preliminary study of the manufacturing param-
eters was carried out (data not shown). In the electrospin-
ning process, a flow rate of 2 ml/h and voltages of 20-30 

kV were applied as optimal process parameters to produce 
aligned fibers on a rotating aluminum cylindrical collector 
(300 rpm). The electrospinning time for each sample was 
2.5 hours. 
FTIR analysis: The Fourier Transform Infrared Spectros-
copy (FTIR) was used to record the infrared spectra of the 
electrospun scaffolds. The spectra were compared to those 
of untreated/raw materials with respect to the presence of 
the nonpolar - and piezoelectric crystalline -phase. The 
FTIR spectra were recorded using a PerkinElmer 100 
FTIR spectrometer (PerkinElmer, Norwalk, CT, USA) 
equipped with a triglycine sulfate detector and an attenu-
ated total reflection accessory with a diamond/ZnSe crys-
tal. The acquisition parameters were the following: 4 cm 1 
resolution, 8 co-added interferograms, and 4000 550 
cm 1 wavenumber range. An automatic CO2/H2O vapor 
correction algorithm was used during recording of the 
spectra. Spectra analysis and display were carried out us-
ing PerkinElmer software. 
Measurements using the impact press machine: The de-
veloped method is based on the direct piezoelectric effect. 
For this, the fiber mats were mechanically stressed using 
the modified impact stress machine (fig. 1) and their in-
duced electrical value was measured.  

 

Figure 1: Section of the structure of the impact press ma-
chine: (1) measuring cell, (2, 3) electrodes, (4) test sam-
ple, (5) clamping device, (6) pressure rod, (7) spring, (8) 

applied weight, (9) shell, (10) lever 

The measuring cell (1) is a closed shell of steel. Due to 
the influence in the electrical conductor, this shields the 
measurement against electromagnetic interference (Fara-
day cage). The lower electrode (2) is located in the meas-
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Introduction 

Modern rehabilitation methods for patients with muscu-
loskeletal problems after stroke include the following: 
therapeutic physical training methods, massage, physio-
therapy, high-tech methods, etc. [1] High-tech methods 
include: the creation of supportive and "stimulating" ro-
botic devices, the use of virtual reality, transcranial mag-
netic stimulation and BCI is often used for rehabilitation 
tasks based on movement presentation [2, 3]. Currently, 
the use of BCI to control fingers movement based on the 
cognitive evoked potential (EP) P300 has been studied 
[4]. 
The purpose of this paper is to study the influence of spa-
tial and temporal stimulation parameters on P300 detec-
tion. 

 
Materials and Methods 

Two volunteers have participated in experiment, the first 
one is a male at 23 years old and the second is a female at 
22 years old. The volunteers had been placed in a com-
fortable armchair at a distance of 70 cm from square pho-
tic stimulation matrix (PSM). PSM consists of 9 LEDs 
with a 574 nm wavelength. The task for the participants 
was explained in detail, thus they had to follow certain 
target stimuli (TS). The TS number corresponded to the 
diode position in the PSM (Fig. 1). 
The spatial interval was equal as: 

   (1) 

Where   is the actual size between nearest LEDs in 

PSM (for each matrix interval is 1 cm, 2 cm and 3 cm rel-

atively), D  distance between volunteers and PSM.   

 
 
 
 
 
 
 
 
 
 
 

 The experiment consisted of 6 experimental series (ES) 
for the first volunteers and 3 for the second (Table 1). 
Each experimental series consisted of 3 alternations of 
stimulation and relaxation intervals (Figure 2). 

Figure 2: Time diagram of photic stimulation. Si  in-

terval stimulation in experimental series, i  serial 

number of TS ,  p  pause between stimulation probes 

Si+1 and Si 

Photic stimulation was performed using the oddball para-
digm [5]. TS was given once in a 9 stimuli series, the rest 
were non-target stimuli (NTS). Thus, in a 9 stimuli series, 
each LED in the PSM was highlighted [6]. 
The volunteers should mentally count the number of TS 
highlights during stimulation, the stimulation follows by a 
20 second rest (Figure 2) in which the subject had report-
ed the TS counted number. Then the subject again count-
ed the number of TS, so the procedure was repeated 3 
times (3 numbers were counted). 
After that, the stimulation parameters such as stimulation 
frequency, PSM size, and stimulation time were varied 
and the following experimental series was performed (see 
Table 1). 
 Table 1: Experimental procedures 

Experimental procedure 1 

Number of 

stimulation 

mode 

1A 1B 1C 1D 1E 1F 

Numbers of 

TS 

9,1,

1 

9,1,

1 

9,1,

1 

9,1,

1 

9,1,

1 

9,1,

1 

Frequency, 

Hz 
1 5 3 5 1 5 

Time, s 200 50 100 50 200 50 

Spatial interval 

in PSM  
2.4 2.4 1.6 1.6 1.6 0.8 

Experimental procedure 2 

Number of 
stimulation 

mode 
2A 2B 2C 

Numbers of TS 1,1,2 1,1,2 1,1,2 

Frequency, Hz 1 3 1 

Time, s 200 100 200 

Spatial interval 
 

2.4 2.4 1.6 

Figure 1: Scheme of PSM, X  is spatial interval with 
nearest LED in PSM. LED with number  was high-

lighted 
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Introduction 

Mobile phones increase the reachability of surgeons and 
health care providers, thus facilitating decisions making 
and improving patient care [1,2]. Accordingly, phones are 
regularly taken into the operating room (OR). 
On the other hand, any intraoperative interruption in-
creases the workload and may lead to a negative influence 
on the outcome [3,4]. Incoming telephone calls are re-
sponsible for as much as 1/4 of all disturbing intraopera-
tive events [5]. To avoid this type of interruption, strict 
interdiction of telephone calls could be a simple and ef-
fective means. However the majority of incoming calls is 
not time-critical and not important, the lack of reachabil-
ity could be detrimental in some cases. Accordingly, a 
complete elimination of mobile phones out of the OR is 
not an option.  
To solve this problem, a situational aware system could 

those which can easily be postponed. 
This paper discusses if a cognitive OR system could be 
used for a situation-adapted preselection of incoming tel-
ephone calls for the members of the surgical team.    

 
Materials and Methods 

Cognitive OR 

nd steering sys-
tem is established, which collects a wide range of incom-
ing information in real time [6]. Through 
terpretation of these data, based upon highly grained pa-
tient and surgical workflow models, the system is always 
aware of the actual situation and even capable to predict 
forthcoming events including the time left to the end of 
the surgery. In addition, it even classifies the actual state 

u
ical . The system described here is a middle ware be-
tween the person on the telephone and the surgeon ad-
dressed.  

Call routing 

Incoming calls for the surgeon (in our case to a DECT 
phone) are not directly forwarded to his phone. Instead 
the calls are routed to a call handler (Fig. 1). The call 
handler is provided by an Asterisk based VOIP server. 
This VOIP server directly interacts with the cognitive OR 
to get information about the current status of the surgery 
including the remaining duration. In addition, the central 
database is informed about incoming calls and is therefore 

able to display these calls on a central information unit or 
create a list of missed calls after the operation is complet-
ed. The VOIP server is also able to distinguish between 
calls from within the hospital network and calls from out-
side. 

 

 
 

Figure 1: Call routing model 
 

Caller interaction module 

 
The decision whether the surgeon should be encountered 
with the call or not depends upon three different aspects: 
 
I) Significance of the request 

II) Actual surgical situation 

III) Time line 

 
I) Significance of the request 

Many calls are neither time critical nor really important, 
but, of course, the system will be unable to classify the 
urgency of the call. This has to be left to the caller. The 
system, however, provides the necessary information to 
enable the caller to weigh up whether it is justified to con-
tact the surgeon immediately or not. 

II) Actual surgical situation 

The workload during a surgical operation varies. If it is a 
comparatively easy case and if everything is running 
smoothly, the surgeon should be more open to respond to 
a telephone call than under severe strain. The situational 
aware system is able to classify the workflow as either 

irregular  but not yet dangerous (yel-
low) or critical  (red). Accordingly, answers A, B or C 
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Introduction

The core tenet in system fault diagnostics is that behavior

of the whole emerges from activity of functional compo-

nents and coordination of their interaction. This motivates

a drill-down approach in functional analysis of complex

systems [1, 2].

Manned spacecraft, aircraft carriers, submarines, and the

socio-biological system of human body with person’s ac-

tions all impress by their complexity of interwoven detail

as soon as one can look behind their encasement, and full

comprehension of functional structures and of output in re-

sponse to stimuli input will often deem impossible. A sys-

tematic approach may then start from construction princi-

ples that let the apparatus fulfill its mission: for example,

components that allow the plane to fly (wings, propulsion),

to take off and to land (wheels), and to carry goods and

passengers (cabin). Next, the set of vital prerequisites, as

energy supply, wiring, cabin air, to mention a few. Fi-

nally, all equipment, including human operators, to pilot

the plane’s operations – have orientation, decide on direc-

tion, and interact with outside world. Apart from disrupted

material integrity of whole plane, review of these items

for clues is witnessed, for example whenever an Airbus or

Boeing disappears on a scheduled passenger flight over the

oceans. Speculating about malfunction of said productivity

sub-systems, vital functions sub-systems, operational func-

tions sub-systems illustrates a scaling understanding that is

equally seen in a doctor’s scrutinizing first view of a pa-

tient as totality of person ‘encased’ in body system before

deciding on an entry point for diagnostic work-up.

Definition 1 Highly complex systems intended by design

for purposeful action are called production systems.

Principle 1 Production systems share a tri-partite func-

tional decomposition of their ensemble, the Whole, into vi-

tal functions, productivity functions, and operational func-

tions, referred to as wirk-components, meaning compo-

nents for effectuation, in German more precisely Kompo-

nenten des Bewirkens.

Corollary 1 The tri-partite functional decomposition is

then canonical among all production systems.

The decomposition is exhaustive and non-overlapping. Its

components are referred to as canonical wirk-components.

Principle 2 At any moment, the behavioral activity of

the Whole is a complete translation of interaction between

its three canonical wirk-components and their functional

properties currently prevailing.

These principles are to apply throughout though systems

differ substantially in material realization and in designated

environment. The present exposition then describes an

equally canonical configuration of effectuation dynamics, a

wirkgefüge independent of its physical realization, that first

energizes the cooperation of canonical wirk-components -

the logical units at tri-partite “function-level no.1” - and

then translates this to whole-body “function-level 0” ag-

gregate dynamics.

The configuration of control couplings that permits the hu-

man body system to energize required action of its canon-

ical wirk-components in any situation and that is concep-

tually equally independent of its material realization, is re-

ferred to as schaltgefüge, which is considered as the mis-

sion of Wiener [3]-sense “kybernetik” in [4]. By their in-

dependence of material realization, axiomatic wirkgefüge

and kybernetik schaltgefüge then require each other, which

explains the level of abstraction in the present exposition.

Materials and Methods

Prerequisites

The design of axiomatic wirkgefüge exploits intuitive con-

cepts from electric direct-current circuits: tension (volt-

age), accumulated charge, capacity, resistance, supply and

consumer power (wattage) demand, that are basic – not to

suggest that physical electricity is actually involved.

Definition 2 The axiomatic wirkgefüge consists of a

ubiquitous source with potential difference (voltage) U0,

and for every single logical unit, of a supply condenser

of capacity C for buffer storage of supply charge Qs(t) by

time t, a resistor with resistance Rs(t) for passage control

of supply current (amperage) Is(t) to said condenser, and of

another condenser for charge consumption, conceived as a

mirror of the supply-part condenser, with current voltage

Uc(t) generated by its current charge Qc(t) as source for

the demand part, another resistor with resistance Rd(t) for

passage control of demand current (amperage) Id(t) to an

end consumer with demand wattage Pe(t).

Principle 3 (Sluggishness) The exposition focuses on al-

most instantaneous charge increments and decrements on

supply and demand part condensors, respectively, in any

incremental time interval [t, t + dt[, t > 0; accumulated

charges Q are assumed continuous functions (Q(t))t>0

with derivative (I(t))t>0 everywhere. Voltages, resistances,

wattages, however are assumed to lag behind, shown in

their pre-t values, U(t−), R(t−), P(t−). They can then be
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Introduction 

With the expansion of the digital functionalities in the OR 
in the sense of "Surgery 4.0” facilitating important appli-
cations such as real-time person or asset track- and tracing 
or tele-robotic surgery, the question of improved data 
transmission quality becomes more and more urgent (1).  
As the currently available technologies for data transmis-
sion in the OR (Ethernet/LAN, W-LAN, Bluetooth) are 
limited in terms of transmission rate, latency and signal sta-
bility (2), the upcoming mobile data transmission technol-
ogy 5G seem to offer a high potential. 
 
5G includes the following characteristics as compared to 
the current mobile transmission standard 4G/LTE: a 100 
times higher data transmission rate (up to 10 Gbps), an ex-
tremely low latency (1ms) and 1000 times higher capacity 
(3). The possibility of transmitting a high data volume al-
most without delay with high precision and stability makes 
the 5G technology interesting for different medical appli-
cations.  
 
It is not yet known whether the promising 5G mobile tele-
communication performance is sufficient for the demand-
ing medical applications such as person or asset track- and 
tracing, video data transmission for telemedicine and tele-
robotic surgical operations, where fast, secure and ubiqui-
tously available data transmission is essential.  
The latter is the basic prerequisite for the emerging field of 
cognitive surgery (4), in which the surgical team is exten-
sively supported in its work by the digitalized OR environ-
ment. It was the purpose of this research project to evaluate 
possible fields of applications for 5G to enable Surgery 4.0.  
 
The manuscript comprehends of two different sections: 
a) A Delphi study evaluating the expectations and ac-

ceptance of 5G in the medical (surgical) field in general 
b) The evaluation of 5G technology for a surgical 

telepresence application (use-case tele-robotic surgery) 
 

Materials and Methods 

Delphi study 
 
In order to first obtain an estimation of possible 5G appli-
cations in the medical field, necessary technical develop-
ments and comparison to currently available data transmis-
sion technologies (4G/LTE, WLAN), a Delphi study was 
carried out. The Delphi method is a structured communi-
cation method, which relies on a panel of experts. It is 
based on the principle that forecasts from a structured 
group of individuals are more accurate than those from un-
structured groups (5).  
 
In two rounds, a fixed panel of 12 experts (industry n= 9, 
small and medium size enterprises n= 2, academic institu-
tion n= 1) provided a written assessment of a list of 28 the-
ses/questions related to the potential future developments 
of 5G, which was compiled as questionnaire by the authors. 
The theses/questions were grouped in five different sec-
tions: experience, trend, impact, promoting and detaining 
factors with/of 5G technology. For every thesis/question, 
probability was explored and in a second round, the results 
of the previous round were given as feedback. Subse-
quently, experts were asked to reassess the hypotheses and 
either confirm or revise their own opinion, where it di-
verges from the majority opinion.  
 
Surgical Telepresence 
 
Telepresence in general refers to a set of technologies al-
lowing a person to feel as if they were present, to give the 
appearance of being present, or to have an effect (via tel-
erobotics) at a place other than their true location (6). 
 
The term teleconsultation in the medical field means an im-
age- or video-based consultation of a remote expert giving 
verbal advice during an operation or procedure. Whereas 
surgical telepresence reveals a (real) physical action at the 
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Introduction 

The advances in digitalization and information pro-
cessing are influencing interventional medicine. Medical 
devices include a growing number of functionalities, which 
provide more operational flexibility while increasing com-
plexity of the OR environment [1]. Adapting to this devel-
opment provides an essential challenge and opportunity to 
optimize modern surgery and therapy procedures. With the 
advancements of digital assistance systems, it can be en-
sured that the surgeon concentrates on the essential, 
namely the patient and the operation, rather than being dis-
tracted by the technical overflow of peripheral devices. In 
this work we present our vision and first results of a col-
laborative operating room that actively supports context-
sensitive intra- and postoperative surgical therapy. To 
achieve this goal we enhanced a new Operating Room 
(OR) for comprehensive data acquisition, recognition of 
the OR team and computational tools for workflow analy-
sis in order to achieve an understanding of the situational 
sequence and semi-automatic assistance and ensure an in-
creased security level.  

The functioning of the cognitive surgical environment is 
demonstrated by a typical example: the laparoscopic resec-
tion of the gallbladder for symptomatic gallstones. Such an 
operation is very common and is performed about 200,000 
times a year in Germany. The procedure is highly stand-
ardized. 
 
Materials and Methods 

 
The basic idea of this concept relies on three pillars: First, 

precise analysis and comprehensive acquisition of all 
available information about the surgigal situation, second, 
by the interpretation using comprehensive structured 
knowledge and third, the derivation of the relevant 
assistance functions and smart services. The system com-
ponents involved, continually feedback to the IVAP OR-
system and thereby verify the workflow, as illustrated in 
Figure 1. These main components are described in more 
detail in the following section.  

Data acquisition 

An important prerequisite for situational awareness of the 
cognitive-technical system is the actual ability of "under-
standing" similar to a surgeon. A robust interpretation of 

the current surgical context requires a centralized continu-
ous provision with real time data as shown in [2]. We im-
plemented a central data acquisition framework as illus-
trated schematically in Figure 2. 

 

 
Figure 2: Schematic illustration of a centralized data ac-
quisition within the OR 

 

This broad variety of data is heterogeneous by nature and 
can be grouped as follows: 
 

1. Device data: Status of installed and peripheral 
surgical components. In particular, we collect in-
formation about the operating table, room-, surgi-
cal- and endoscopic light, insufflation pressure 
and flow, aspiration and suction volume, usage of 
the electrosurgical devices, and surgical instru-
ments in use. 

Figure 1: Main concept of the collaborative operating 
room is based upon three pillars: analysis of captured data, 
interpretation of comprehensive real-time information 
based on structured knowledge and the prediction of fur-
ther activities and their execution (action) in the form of 
smart services. 
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Introduction 

Nowadays a high demand for bioconstructions used for 
regeneration of tissue defects, including difficultly re-
paired osteochondral ones, is exist. One of the important 
factors for successful developing of them is production of 
three-dimensional biocompatible scaffolds that provide 
replacement of a damaged tissue site and maintain prolif-
eration of the patient's cells. As a result of implantation, a 
healthy tissue is formed in the site of a defect, and a scaf-
fold dissolves gradually as tissue grows. 
Among current methods of scaffolds obtaining, an im-
portant place is given to methods of three-dimensional 
prototyping. Their advantages are unquestionable in case 
of preparation of scaffolds for regeneration of 
osteochondral defects: high resolution, the ability to get a 
scaffold with shape that exactly coincides with CT and 
MRI imaging of defect, and the possibility of controlling 
the internal structure of scaffold [1] However, not all ma-
terials suitable for using in 3D prototyping have required 
characteristics [2]. Often they are either not completely 
biocompatible, but also are not biodegradable, thus per-
forming a kind of substitution and remaining a foreign 
material in the body. 
In order to overcome the shortcomings of traditional 
methods, the laser device for the fabrication of 
nanocomposite bioconstructions by method of laser 3D 
prototyping was developed. In the work we created sam-
ples of 3D nanocomposite bioconstructions and carried 
out studies of their structural and biological properties. 
 
Materials and Methods 

Materials 

Bovine serum albumin (BSA) and bovine collagen (BC) 
were selected as components of the protein matrix. BSA 
is one of the main proteins of blood performing a 
transport function. This protein also has the ability to be 
cross-linked under the action of laser radiation [3]. A ly-
ophilized BSA purity of more than 99% was used. BC is 
one of the main proteins of the extracellular matrix. BC 
was taken in the form of suspension in water (2% wt. of 
pure collagen). The solvent for all components was water 
for cellular studies. 
Single-walled carbon nanotubes (SWCNTs) of the types 
of 90A (length 0.5-1.5 nm, diameter ~ 1,5 nm) and 95TA 
(length - more than 5 microns, diameter -1-2 nm) were 
used for the production of nanobioconstructions. Nano-
tubes were in form of black paste in deionized water with 
a nanotube concentration of ~ 2.5% wt. 

 
Preparation of dispersion 

The first step of the dispersion preparation was the disso-
lution of carbon nanotubes in water. The required amount 
of SWCNTs in water was mixed with a magnetic stirrer 
for 40 minutes. Then they were sonicated in a homoge-
nizer with amplitude of no more than 30 W for 45-60 
minutes to reduce the number of aggregated CNTs. Then 
BSA (25%) and collagen (1%) were added to the CNTs 
with water, it was mixed with the stirrer and then in an 
ultrasonic bath until the components were completely dis-
solved. 

Device for making solid samples 

The principle of the device operation is moving the fo-
cused laser beam along a planned trajectory above a con-
tainer with the water-protein dispersion of carbon nano-
tubes. Under the action of laser radiation, evaporation of 
the water part occurs while laser radiation orients the 
nanotubes. Thereby they form a strong, porous scaffold 
that promotes the regeneration of bone and cartilage tissue 
cells [4-6]. 
Configuration of the device is shown in fig. 1. The main 
component of the device is the source of radiation (2) - 
semiconductor laser with a wavelength of 810 nm, which 
is controlled by the power supply (1). Radiation is trans-
ferred by means of optical fiber to a lens that is fixed to 
moving system, based on stepper motors (4). 

 
Figure 1: The device for making of samples using layer-

by-layer laser prototyping method: 1 - power supply unit, 
2 - semiconductor laser, 3 - thermostabilization system,  

4 - moving system, 5 - container with the dispersion 
 
The device is equipped with an IR-sensor that measures 
the temperature of the dispersion. The sensor is connected 
to the thermostabilization system (3). The main purpose 
of this system is to dynamically adjust the laser radiation 
power to maintain the established dispersion temperature. 
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Introduction

The nature and characteristics of ECG signals have been

the subject of research for more than 100 years. This is

because ECG signals contain a valuable diagnostic infor-

mation about the functioning of the heart and, indirectly,

about some other organs. Now, despite the impressive track

record of the diagnostics and recommendations already de-

veloped [1], ECG signals continue to be the subject of in-

tensive study both in the field of cardiology and biomed-

ical engineering. Cardiologists search for new diagnostic

properties of ECG signals, while engineers are interested

in new approaches and methods for such signals process-

ing and analysing. New methods imply, in particular, new

techniques of noise suppression, efficient signal represen-

tation and feature extraction.

Feature extraction is an essential step in ECG processing.

It consists in formation of some feature patterns – a set of

descriptors most adequately describing the signal. Among

these features / descriptors the most important are those

with diagnostic properties. As a rule, they represent time

domain parameters, though sometimes they can be defined

in the frequency domain. Basing on ECG patterns, one can

make some initial diagnosis [1]. For example, an “irregu-

lar” QRS complex without P wave is the hallmark of atrial

fibrillation, the shape of the QRS with a left bundle branch

block indicates a risk of cardiomyopathy, etc.

ECG patterns, especially P–QRS–T complexes, are also the

basis for the subsequent heart rate analysis. Usually it is a

more complex phase of ECG signal processing. However,

now there are many methods and approaches related, for

example, to the heart rate variability (HRV) analysis [2].

Quantitative evaluation of the HRV is usually based on the

calculation of some indices connected with the variability

of sequential NN intervals (normal–to–normal intervals be-

tween adjacent QRS complexes). Some of these indices

are determined in the time domain – SDNN, CV, RMSSD,

PNN5O, etc. Others – in the frequency domain – VLF, LF,

HF spectral power components, IC index, etc. It should

be noted that, due to the complexity of the EEG signal, its

fractal–like nature, the values of almost all indices can es-

sentially diverge for different lengths of time intervals anal-

ysed, even for the same record. Therefore, the European

Society of Cardiology suggests differentiating the diagnos-

tic methodologies based on HRV indices obtained from the

short–term recordings (of 2 to 5 min) and from the long–

term recordings (of entire 24–h period) [3].

The above discussion is illustrated in Figure 1 by cardioin-

Figure 1: The interbeat interval NN after low-pass filtering

for (A) a healthy subject and (B) a patient with severe car-

diac disease (dilated cardiomyopathy). The healthy CIG

shows more complex fiuctuations compared to the more

"smoother" diseased heart rate fiuctuation pattern. Draw-

ing is adapted from [4].

tervalograms (CIG, the NN interval dependences on time)

for a healthy person (A) and a heart disease person (B). It

is clear from the figure that both CIGs are qualitatively dif-

ferent. For example, at a small temporal scale, the variabil-

ity (spread) of NN intervals in a healthy person is greater,

which is a well known fact [5] – but on large scales the vari-

ability becomes equal in both cases. This observation sug-

gests that the diagnosis based on HRV is adequte, but di-

agnostic procedures (automatic in particular) may be non-

trivial. This circumstance gives high relevance to the de-

velopment of new ECG processing methods based on long

records – more than 10 minutes, for example, Holter.

Geometric Method of HRV Estimation

As it is mentioned above, variations in heart rate may be

evaluated by a number of indices, which can be calculated

by a number of methods. Perhaps the most popular and

at the same time the simplest to perform are the so-called

geometric methods [2], [3].
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Introduction 

 
 

 
 

 
 

The task of feedback implementation 

Using the reception for feedback 

 
 

 
 

 
 

 

Biophysical feedback model 

To ensure the feedback system functioning it is necessary 
to consider the following patterns [5]: 
 

 (3) 
 
(3): S - the amount of sensation; I - intensity of stimulation; 
a and b - constants that are different for stimulus modali-
ties. 
 
According to this formula, the sensation increases in pro-
portion to the logarithm of the stimulus intensity. For dif-
ferent sensory systems, this ratio is different. For skin 
mechanoreception is characteristic [5]: 
 

 (4) 

 
(4): I - the change in intensity of stimulation recognized 
by a person; m - the ratio of the change in the intensity of 
stimulation recognized by a person to the intensity of stim-
ulation;. 
 
For the informative nature of the system, each of the fol-
lowing impacts should look like this: 
 

 (5) 
 

(5): m - the ratio of the change in the intensity of stimula-
tion recognized by a person to the intensity of stimulation; 
Io - initial intensity of stimulation. 
 
It follows that the informative effects are multiples of m 
values of the minimum perceived value. Consequently: 
 

 (6) 
 

(6): Imin - the minimum noticeable intensity of stimulation; 
n - the number of the difference threshold. 

 

     (7) 
 
In fact, n is the number of distinguished exposure levels 
within the dynamic range. Providing the greatest value of 
n means distinguishing effort with the greatest accuracy 
within the dynamic range of impact. This result can be 
achieved by varying the area and amplitude of the effect on 
the skin. 
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Introduction

Cochlear Implant (CI) surgery is an established treatment

to restore severe hearing loss and deafness caused by inner

ear dysfunction. To gain access to the cochlea for insertion

of the implants electrode carrier mastoidectomy (partial

removal of the cranial bone) is performed . This process

is sophisticated and time consuming. Minimally invasive

CI surgery has the potential to reduce operating time,

trauma, hospitalization time, amount of needed anesthetics

and costs and additionally improve ergonomics for the

surgeon. The concept of this approach is to replace the

mastoidectomy by a single drill hole from the surface of

the skull to the cochlea. The complexity of this lies in

the accuracy requirements resulting from the vicinity of

the drill trajectory to the facial nerve. The drill (typical

diameter 1.8 mm) has to pass through the approximately

2.5 mm wide facial recess in a depth of about 3 cm. Marker

based navigation can not be effectively applied for this

intervention. One method to achieve the required accuracy

is by using a patient specific template to hold a linear guide

for a drill.

The first clinical results of this approach are presented

with the microtable system [1]. Beside the risk of physical

damaging the facial nerve or thermal necrosis from heat

induced by the drilling process [2] (both not further dis-

cussed in this paper) manufacturing of the template is still

an issue. Operation planning is done in reference to the

frame mounted on the patients skull at the beginning of the

surgery. Since this reference can only be determined after

fixation, the manufacturing of the template has to be done

intraoperative. Manufacturing of the microtable is done

none sterile by CNC machining a ULTEM (polyetherim-

ide, PEI) block. In a shortened autoclaving process the

finished template is sterilized and then cooled down. The

shortened autoclaving of the microtable is neither certified

in Europe nor in Russia. The RoboJig system (Figure 1),

relying on the same working principle, was developed with

a sterile manufacturing system to solve this problem. This

paper is centered around the manufacturing unit of the

RoboJig.

For sterile manufacturing of the jig different approaches

have been developed. The technical requirements include,

that the process can be done fast enough to avoid surgical

downtime during anesthesia of the patient. This is the rea-

son why 3D printing is currently not an option. Further it

has to be guaranteed, that the chain of errors does not lead

Figure 1: Left: linear guided surgical drill (A) connected

to an intraoperativ milled jig (B) during initial cadaver ex-

periment. Right: CNC milled jig prototype with connector

holes (C-E).

to deviations larger than 0.5 mm in 30 mm depth during

the drilling process. The jig should not hide the view of the

situs for the surgeon.

template milling

In the current research setup the template is pre-formed and

sterilized ahead of the surgery. The customization is done

with a passive hexapod (Schick X1 med 3D, Schick-Dental

GmbH, Germany) which positions the template relative to

the axis of a drill unit on a linear guide. The struds of

the hexapod are based on micrometer screws and adjusted

manually. Their length is calculated based on the planned

trajectory, which is transformed into the frame coordinates.

The adapter on the hexapod platform uses a dowel pin con-

nection dimensional similar to the one on the frame in Fig-

ure 1. Based on the planning data a stepped hole is drilled

as interface for the surgical drill guide (Figure 1 part A and

E). The forces generated during this customization process,

as well as the angle of impact of the drill, raise the need for

a stiff and highly accurate linear guide. Also a preformed

and sterile template is needed for every surgery. Setup of

the system and milling took 15 min in an initial cadaver

trial. No deviation between drillhole and plan was visible

in a postoperative CBCT scan (resolution 0.3 mm). The

milling system of the RoboJig was described recently [3].

bone cement fixation

To reduce process forces and complexity an alternative

manufacturing approach was developed. Its concept is to

adjust a linear guide with the hexapod similar to the tem-

plate milling approach. After orientation the guide is fixed

to a mounting adapter using bone cement [4, 5]. This has
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