BIOMEDICAL ELECTRONICS

UDC 537.32 DOI: 10.15222 /TKEA2017.6.44

Dr. Sc. L. I. ANATYCHUK?2, Ph.D. R. R. KOBYLIANSKY1I"2, Dr. Sc. R. G. CHERKEZ?,
Ph.D. I. A. KONSTANTYNOVYCH?, V. I. HOSHOVSKYI3, V. A. TIUMENTSEV?

Ukraine, Chernivtsi, !Institute of Thermoelectricity of the NAS and MES of Ukraine,
2Yurii Fedkovych Chernivtsi National University,
Lviv, 3State Science and Production Enterprise «Termoprylad-3»

E-mail: romakobylianskyi@ukr.net

THERMOELECTRIC DEVICE WITH ELECTRONIC
CONTROL UNIT FOR DIAGNOSTICS OF INFLAMMATORY
PROCESSES IN THE HUMAN ORGANISM

The paper presents a thermoelectric device capable of simultaneously measuring the temperature and
density of heat fluxes on the surface of a human body with the help of a developed thermoelectric
sensor with a thermostated free surface, thus excluding the effect of ambient temperature on the sensor
readings. A special computer programme has been developed for processing the measurement results by
way of accumulating and reproducing them in a specified form on a personal computer, which enables
monitoring the temperature and thermal state of a human in real time. The specific features of the device
design and its technical characteristics are given.
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processes in the human body.

There are a large number of high-efficiency
optical devices based on thermocouple sensors for
radiometric measurements, e.g. Angstrom com-
pensating pyrheliometers, etc. [1—3]. However,
in this paper, heat fluxes were measured using
gradient semiconductor thermoelectric sensors
that have a narrow specific application in medical
and biological thermometric measurements [4 —8].
The peculiarity of such sensors is that they do not
require compensation heaters, which can distort
the temperature and heat flux distributions of the
biological objects under study.

Semiconductor thermoelectric sensors of heat
flux [9—15], which combine miniaturization,
high sensitivity, stability of parameters in a wide
range of operating temperatures and compatibility
with modern electronic recording equipment, are
known to be promising for testing human local heat
release. The use of such sensors allows achieving
high locality and accuracy of thermometric measure-
ments. This, in its turn, makes it possible to obtain
information on the characteristics of the objects
under study and analyze them in detail in order to
identify the inflammatory processes of the human
body at an early stage.

An important factor in the study of human
body heat fluxes with the help of such sensors is
the accuracy and speed of recording the signals
of thermoelectric sensors. Previously developed
thermoelectric devices with electronic control units
[16—20] have certain drawbacks, the main one
being the dependence of the thermoelectric sensor
readings on the ambient temperature.

This study presents the modernized thermo-
electric device with an electronic control unit for
diagnosing inflammatory processes in the human
body. The device contains a thermoelectric sensor
with a thermostated free surface to improve the
accuracy of thermometric measurements for medi-
cal and biological purposes.

Design and technical characteristics
of the device

The appearance of the developed thermoelectric
device intended for measuring the temperature and
density of the heat flux of the surface of the human
body by contact method and its block diagram are
shown in Fig. 1, 2, and its technical characteristics
are given in the Table.

Fig. 1. Thermoelectric device with electronic control
unit for the diagnostics of inflammatory processes in
the human body:

1 — thermoelectric sensor of temperature and heat flux,
2 — electronic control unit, 3 — PC
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Fig. 2. Block diagram of the thermoelectric device:

1 — sensor with a thermostated free surface (Fig. 3); 2 — control unit; 3 — liquid pump; 4 — thermostat (150 ml)
with a heat-conducting copper bottom; 5 — thermoelectric cooler (40x40x4 mm); 6 — air cooler; 7 — the fan;
8 — temperature sensor T4 of liquid in thermostat (platinum microthermistor); 9 — measuring and master controllers
of type RE-202; 10 — electronic commutator; 77/ — power supply pump 3, fan 7 and cooler 5; 12 — power supply for
measuring and master controllers 9; 13 — digital display; 14 — RS485,/USB interface converter; 15 — personal computer

Technical characteristics of the device

Technical characteristics of the device Parameters value
Temperature range of the thermoelectric sensor +20...+40°C
Discreteness of setting and measuring of the temperature 0.01°C
The thermostat temperature setting error + 0.01°C
Temperature measurement error +0.5°C
The range of measuring the density of the heat flux 0.1—500 mW /cm?2
The density of the heat flux measuring error +5%
Measurement speed 10 —20 sec
AC power supply 50 Hz 220 V
Power (at a power supply of ~ 220 V) 10 W
Power supply from a DC source 12V
Power (at 12 V power supply) 40 W
Number of thermoelectric sensors 1
Overall dimensions of the thermoelectric sensor 20x20x10 mm
Overall dimensions of the electronic control unit 260x160x120 mm
Time to reach operating mode 30 min
Length of hoses and cables 2 m
Weight of the device 3 kg
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from the tested object passes through
the thermoelectric sensor and heats
the copper radiator 77 (see Fig. 3),
its temperature T3 increases, while the
EMF of the thermoelectric sensor 18

decreases and, accordingly, the heat flux
decreases. The amount of heat flux will

18

also vary with the temperature of the en-
vironment. To eliminate the dependence

19

of the heat flux on internal and external
temperature, a thermostat 4 is provided
in the schematic (see Fig. 2) which is

XXX XXX XX XX XXX

electric sensor:

The device consists of two main functional
units: a thermoelectric temperature and heat
flux sensor 7 with a thermostated free surface
and an electronic control unit 2. On the front
panel of the electronic control unit there are
measuring and driving controllers of the PE-202
type with a digital display, as well as “Network”
and “Thermostat” toggle switches. The rear panel
contains a thermoelectric sensor connector, ther-
moelectric sensor hose connections, 12 V battery
terminals, a 220 V connection and a USB con-
nector.

Principle of operation of the device

The device converts the heat flux and human
body temperature into equivalent electric signals
by means of a thermoelectric sensor; those signals
being shown at the digital display of the electronic
control unit in units of heat flux density (mW /cm?2)
and temperature (°C).

The proposed device works as follows. After
placing the thermoelectric temperature and heat
flux sensor on the object under test and turning
on the “Network” toggle switch, voltage from the
power supply 72 is fed to the PE-202 measuring
and driving controllers (Fig. 2). In this case, the
first channel on the digital monitor shows the
value of the heat flux g passing through the ther-
moelectric sensor, the second channel shows the
temperature T, of the surface of the object being
tested, the third channel shows the temperature
T5 of the copper radiator of the thermoelectric
sensor, and the fourth channel shows the tempera-
ture T, of the liquid in the tank 4. The heat flux

24

Fig. 3. Block diagram of a temperature and heat flux thermo-

16 — ebonite insulating jacket; 17 — copper liquid radiator (15x15x6 mm);
18 — thermoelectric sensor (10x10x2.4 mm); 79 — copper base of the
sensor (thickness 0.3 mm); 20 — sensor of copper radiator temperature T's;
21, 22 — inlet and outlet fittings (@4 mm); 23 — sensor of copper base
temperature T5; 24 — layer of heat-conducting paste

T,  turned on with the “Thermostat” toggle
switch along with a liquid pump 3 and
afan 7, and through an electronic switch 70
voltage is applied to the TEC 5. The
values of the temperature sensor 23
readings are compared with those of
the set temperature T, which is preset
in PE-202. The uncoordinated signal
controls the value and direction of the
current of the electronic switch 70 in
such a way that the TEC 5 stabilizes the
liquid temperature with the accuracy of +0.01°C.
The liquid pump 3 pumps the circulating liquid
through the copper radiator 77 and its temperature
is also stabilized with the accuracy of =£0.01°C for
the entire thermostat operation period. With such
a temperature stability of the radiator 77, the heat
flux will also be stable and will be determined
only by the value of the heat flux from the object
under study.

If necessary, one can record all the measured
values in the internal memory of the device, and
then, connecting the PC and using a computer
programme, read the results of the measurement
and build the corresponding graphs of the depen-
dencies of these values on time, and also make
the necessary calculations with the help of the
developed computer programme.

Conclusions

A thermoelectric device with an electronic
control unit for diagnosing the inflammatory pro-
cesses in the human body proposed in this study
has the ability to store, process and visualize the
measurement results on the display of the device
and a personal computer in real time. The devel-
oped design of a thermoelectric temperature and
heat flux sensor with a thermostated free surface
excludes the effect of the ambient temperature on
the sensor readings.

The proposed device is intended for monitor-
ing the temperature and thermal state of a human
body in the real time, which is of vital importance
for diagnosing inflammatory processes and various
diseases at the early stages.
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TEPMOEJIEKTPUUHNN IPUJIAJ] 3 EJTEKTPOHHUM BJIOKOM KEPYBAHHS
JJTA JIATHOCTUKN SAITAJIbBHUX ITPOILIECIB OPTAHISMY JIIOJAVMHN

IIpedcmasaeno mepmoerexmpuunuii npurad, 30amuuil 00HOUACHO SUMIPIOBAU MEMNEPAMYPY i 2YCMUny me-
NJA0BUX NOMOKIE NOSEPXHi Miad 00U 3d JONOMOZOI0 POIPOOAELHOZO MEPMOEICKMPUUHOZO CEHCOPA 3 MeEPMO-
CMAMOBAHOIO BINLHOI NOBEPIHEIO, WO BUKIIOUAE ENAUS MEMNEPAMYPU OMOUYI0U020 Cepedosuwd Ha NOKA3U CeH-
copa. Pospobaeno cneuianvny xomn’iomepny npozpamy 0as 00poOKu pe3yomamic euMipiosdib, ix HaAKONu-
uenns i 6iI0Meopenns Yy 3a0anomy 6uzisadi Ha NEPCOHAILHOMY KOMN'1omepi, wo 0a€ MOKAUGICMYy 301CHIOGAMU
MOHIMOPUHZ MeMNepamypHoz0 ma meniosozo cmany aodunu y pearvuomy uaci. Haeedeno ocobausocmi
KOHCMPYKUIT npusiady ma 020 mexHiuni Xxapaxmepucmuxu.

Katouosi criosa: mepmoesexmpuunuii npuiad, eaexmponnuli 610K Kepysanus, cencop memnepamypu i meniogo-
20 NOMOKY, 3aANANLHT NPOUECU OP2ANIZMY NIOOUHU.
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TEPMODJIEKTPUUECKUI IPUBOP C 9JIEKTPOHHbBIM
BJIOKOM VYIIPABJIEHUA JJIA ANATHOCTUKNA
BOCITAJIUTEJIBHBIX ITPOHECCOB OPTAHM3MA HEJIOBEKA

IIpedcmasnen mepmosnexmpuueckuti npubop, cnocoOHbLL OOHOBPEMEHHO UIMEPSMb MEMNEPAMYPY U NIOMHOCY
MENNOBHIX NOMOKOE NOGEPXHOCINU MeEd YEN06EKd C NOMOULHIO PAPAOOMANHOZ0 MEPMOINEKMPUECKO2Z0 OAMUU-
Kd ¢ MepMOCmamuposaniol c60000HOU NOBEPXHOCINGIO, UCKAIOUAIOWel 6030elicmeue meMnepamypvl OKpyKa-
oweti cpedovl na nokazanus cencopd. Paspabomana xomnviomepnas npozpamma 0 00padbomxu pesyivmamos
usMepeHutl, UX HAKONJIEeHUS U 60CHPOU3BCOCHU 6 3A0AHHOM 6Ude HA NePCOHALHOM KOMNbIOmMepe, 4mo no3e0-
JAAem OCYuw,eCmeiiamo MOHUMOPUHZ MEMNEPAMYPHO20 U MENJ06020 COCNOAHUS YEA0BEKA 6 PEdIbHOM BPEeMEeHU.
ITpusedenvr ocobennocmu KOHCMPYKYUU NPUOOPA U €20 MEeXHUYECKUEe XAPAKMEPUCTIUKU.

Kniouesvie crosa: mepmosnexmpuueckuti npubop, d1eKkmponnvli 610K ynpasienus,, CeHcop memMnepamypo. u me-
n106020 NOMOKA, 60CNAIUMELHBIE NPOULCCHL OPZAHUIMA UeSI06EKd.
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