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Abstract. Research task. The paper considers the solution of the scientific and practical problem of determining the
influence of external factors on the result of non-contact thermal control of biological objects. Object of study. A
human was chosen as a biological object. Research progress. Establishing the correlation dependence was carried out
in the two most opposite seasons in terms of climate parameters — winter and summer. One person was taken for the
study, whose temperature was measured using a FLIR Vue Pro R 640 thermal imager mounted on a Cheerson CX-20
quadcopter at one-hour intervals throughout the day. The data were obtained in the summer period on August 10, 2022.
In the winter period, measurements were carried out on January 20, 2022. Research results. Conclusions were made
about the absence of a linear correlation between humidity, air temperature and body temperature of BO in the summer
period. On the contrary, a high correlation was established between all the indicated parameters in the winter period.
Conclusions were made about the need to develop a mathematical model of the factor influence on the thermal control
result of the BO in order to obtain analytical ratios for evaluating the quantitative information on each of the
temperature control indicators under the factor influence on the conversion function of these indicators. It is noted that
such a model will make it possible to rank the indicators of temperature control according to the decrease in their
sensitivity to changes in the levels of the temperature control parameter. Usage suggestions. It is proposed to calculate
the correcting coefficients to determine the exact value of the body temperature, because it was experimentally
established that the values of the body temperature in the winter period differ from the actual values precisely due to the
influence of the temperature of the external environment.
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Introduction

It is universally known that the body temperature
of a biological object (BO) is one of the indicators of
the body’s health. Heat in the body of the BO is
generated as a result of muscle activity, assimilation of
food and all life processes that ensure metabolism. BO
dissipates heat by radiation, conduction, and
evaporation of water from the respiratory tract and skin
surface. In turn, the temperature is maintained at the
appropriate level thanks to the thermoregulation centers
of the cerebral cortex, the central thermocenters of the
hypothalamus, and the peripheral thermocenters of the
skin and blood vessels [1]. In the summer period, when
the air temperature is high enough, the blood vessels
expand, sweat increases, which regulates heat transfer,
and heat production decreases. This property of BO
protects the body from overheating. On the contrary, in
the winter period, at low air temperatures, the body’s
immune system acts in the opposite way, namely: the
thermal conductivity of the skin decreases, blood
vessels narrow and the contractile activity of skeletal
muscles increases — chills appear. As a result of chills,
heat is released and the body thus tries to maintain body
temperature [1].

Analysis of the last achievements and
publications. In works [2 — 6] it is noted that it is
necessary to control the temperature of BO (especially
when they accumulate) for the timely identification of
patients and their exclusion from society in order to

counteract the spread of the viral disease. Temperature
control is proposed to be carried out by a non-contact
method, thanks to the use of a thermal imager installed
on a quadcopter.

Formulation of the article purpose. At this time,
the issue of determining the impact of seasonal changes
in temperature and air humidity on the result of
determining the temperature of the BO remains
unresolved. In order to establish a relationship between
the specified factors and the control parameter and to
determine the degree of significance of the correlation
coefficient, calculated from a limited number of
observations, it is suggested to use correlation analysis.
Correlation analysis makes it possible to measure the
degree of influence of factor characteristics on the
results, to establish a single measure of the closeness of
the relationship and the role of the studied factor
(factors) in the overall change of the resulting
characteristic.

The correlation method allows you to obtain
guantitative characteristics of the degree of connection
between two or more features, gives a broader idea of
the connection between them. The relationships
between the factors are quite diverse. At the same time,
some signs act as factors acting on others, causing their
change, while others act as the action of these factors. It
is also necessary to determine the significance of the
correlation coefficient in order to take it into account
when calculating the expanded uncertainty for
correlated data.
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Statement of the main material

The concept of linear correlation between two
quantities is well known, but in our case we are talking
about the case of correlation of three quantities: air
temperature, air humidity and their influence on the
temperature of the BO. It should be noted that if a linear
correlation between the specified parameters is not
established, then this does not exclude the case of
nonlinear dependence between them. Let’s start with
testing the hypothesis about the existence of a linear
correlation between the factors and the control
parameter.

The correlation between x and y values belonging
to two processes is called linear if both regression
functions are linear. In this case, the regression lines are
transformed into straight regressions, the angular
coefficients of which are expressed through the
correlation coefficient. This coefficient acts as a
measure of linear dependence between values [7-11].
The case of correlation between two quantities can be
transferred to the case of a larger number of quantities.
Let’s consider the case of the interaction of three
quantities, namely, establish the relationship between
the body temperature of the body BO (t), air humidity
(h) and air temperature (a).

The regression density (t) on (h, a) has the form:

t_f:bﬂh (h—ﬁ)-ﬁ- bt|a(a—§), (1)

where by, bya — regression coefficients determined by

correlation coefficients between pairs of values (h) and
(@), (h) and (), (a) and (t) as follows:
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Correlation coefficients are determined by the
following formulas:

where N — the total number of results of the experiment,
that is, the total number of points (hi,ai ,ti), and

Sh.Sa, St —empirical standards:
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The measure of dependence between the value (t)

and the values (h) and (a) is the combined correlation
coefficient:
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The combined correlation coefficient always lies
in the range from 0 to 1.

If the value of (t) does not depend on (h) and (a),
then the theoretical value of (R) will be equal to 0. If it
is determined that the theoretical value of (R) is equal to
0 (or very small), then between the value of (t) and the
values (h) and (a) do not have a linear correlation
dependence, but may be nonlinear.

The combined correlation coefficient is equal to 1
if and only if all experimental points lie in the
regression plane.

The theoretical value of (R) will be equal to 1 only
in the case of a linear functional regression of (t) and the
values of (h) and (a).

To study the influence of only one of the factors,
for example (h), on the value of (t), that is, to study the
correlation between (h) and (t) after eliminating the
measurements caused by the value of (a), enter the
private correlation coefficient of the values of (h) and (t)
in relation to the value of (a):
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We will perform a calculation in order to detect the
presence of a correlation dependence in the interaction
of three quantities, namely, we will establish a
relationship between human body temperature (t), air
humidity (h) and air temperature (a).

One person was taken for the study, whose
temperature was measured using a FLIR Vue Pro R 640
thermal imager mounted on a Cheerson CX-20
quadcopter at one-hour intervals throughout the day.
The data were obtained in the summer period of
10.08.22. In the winter period, measurements were
carried out on 20.01.22.

The FLIR Vue Pro R 640 thermal imager is
available in several versions. It is a radiometric thermal
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imager with an image format of 640 x 512 and a focal
length of 19 mm. It can capture video and record it in
MJPEG and H.264 format to a microSD memory card.
14-bit photos are also entered there.

The frame rate of the recorded video image is 30
Hz. MAVLIink, an information exchange protocol
between a ground station and an aircraft [12], is used for
the removed parameter settings.

The functional set of the Cheerson CX-20
quadcopter [13] is represented by position and altitude
hold modes, an analogue of the Headless mode and the
RTH function.

The Autopilot feature causes the CX-20 to
automatically return to the operator and land. Take Off
mode implies fully manual control. The results of
measurements obtained with the help of the specified
equipment are summarized in the Table 1.

To detect the presence of correlation between the
specified parameters, we will calculate the correlation
coefficients and the combined correlation coefficient.
Calculations were made using the Microsoft Excel
computer program.

The results of the calculations are summarized in
the Table 2.

Table 1 — The results of measuring a person’s temperature in the summer and winter periods

Summer. 10.08.22 Winter. 20.01.22
Time, . .
hours Air temoperature, hurﬁ\ilgity, Human bod)O/ Air . hurﬁil(;i ty, Human bod)ol
C RH % temperature, °C | temperature, °C RH % temperature, °C

00-00 21 81 36,4 -17 93 32,1
01-00 21 83 39,4 -17 93 32,3
02-00 20 86 36,4 -17 93 32,4
03-00 20 89 36,4 -17 92 32,8
04-00 19 90 36,5 -17 91 325
05-00 19 90 36,5 -16 90 335
06-00 20 91 36,6 -16 89 33,6
07-00 21 82 36,6 -16 89 3338
08-00 22 73 39,7 -16 89 32,2
09-00 24 64 36,7 -14 89 34,1
10-00 26 53 36,7 -12 89 34,3
11-00 28 46 36,7 -11 89 34,4
12-00 30 42 36,8 -10 88 34,6
13-00 30 38 36,8 -8 87 34,8
14-00 31 35 36,8 -7 86 35,2
15-00 32 33 36,8 -7 86 35,2
16-00 31 34 36,8 -7 85 354
17-00 31 35 36,8 -6 84 35,3
18-00 30 36 36,8 -6 84 35,5
19-00 28 44 36,7 -6 85 35,5
20-00 26 52 36,6 -6 86 35,6
21-00 25 63 36,6 -6 86 35,5
22-00 25 69 36,6 -5 85 35,7
23-00 24 76 36,5 -4 84 35,7
24-00 24 80 36,5 -4 84 35,7

68



ISSN 2522-9052

CyuacHi iH(popMmartiitai cuctemu. 2023, T. 7, Ne 1

Table 2 — Results of calculations of the main parameters of correlation dependences for the summer and winter periods

Summer. 10.08.22

Winter. 20.01.22

s, = 4,459 S, = 21,652 s, =0,834 sy = 4,926 s, = 2,964 s, =1,282
s2 =19,88 s2 = 468,81 s2 =0,695 s2 = 24,26 s2 8,783 s2 =1,644
g = —0,986 Iy =—0,105 ¢ = 0,078 g = —0,932 Iy = 0,954 e = —0,932
R=0,184 R=0,961
We will check the significance of the correlation 16,7 > 2,069 .
coefficient calculated on a limited number of Thus, the aggregated correlation coefficient

observations. To check the significance of the
correlation coefficient for its further accounting (or
ignoring) allows the application of the Student’s
criterion

R
L\/n—2 2ty (n-2), 4
V1-R?
where tp(n-z) — Student’s coefficient for the number

of degrees of freedom (n-2).

When inequality (4) is fulfilled, the correlation
coefficient is significant and must be taken into account

when calculating the expanded uncertainty for

correlated data, which is calculated by the formula:
U(y)=k-uc(y), (5)

where k — coverage ratio; u.(y) — total standard

uncertainty.
Since the total standard uncertainty u.(y) has a

contribution of type A uncertainty, the coverage factor
(k) should be defined as [14]:

k'=1t095(Vetf ) , (6)

where v — effective number of degrees of freedom.

Let’s evaluate the significance of the combined
correlation coefficient between the value of (t) and the
values of (h) and (a) obtained in the winter period
(20.01.22).

M«/z&z >10.95(23);
V1-0961°

between the value of (t) and the values of (h) and (a) is
significant and should be taken into account when
calculating the expanded uncertainty for correlated data.

Summaries

Based on the calculations, the following
conclusions can be drawn: in the summer period, there
is no linear correlation between humidity, air
temperature, and body temperature. Only a high
correlation between humidity and air temperature was
established. In winter, the situation changes: a high
correlation is established between all the specified
parameters, which makes it necessary to take it into
account when calculating the uncertainty of
measurements.

The presence of a correlation relationship
requires the development of a mathematical model of
the factorial influence on the result of the thermal
control of the biological object in order to obtain
analytical ratios for evaluating the amount of
information on each of the indicators of temperature
control with the factorial influence on the conversion
function of these indicators.

The model will make it possible to rank the
indicators of temperature control according to the
decrease in their sensitivity to changes in the levels of
the temperature control parameter.

To determine the exact value of the body
temperature biological object, it is necessary to
determine the correction coefficients, because the
obtained values of the body temperature in the winter
period differ from the actual values due to the influence
of the temperature of the external environment.
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Bukopucranns kopesiuiliHOro aHaJi3y NPH OLiHIOBAHHI HEBH3HAYEHOCTI BIIMBY 30BHilIHIX (pakTOpiB
Pe3yJbTaT TeIVIOBOI0 KOHTPOJIIO 0i0/10riYHUX 00’ €KTIB

1. B. I'puropenxko, C. M. I'puropenko, O. B. XKyxk

AHoTanisn. 3aBgaHHsi HOCTiIKeHHs. Y poOOTI PO3IJIIHYTO BHUPIIICHHS HAYKOBO-NIPAKTUYHOI 3aadi BHU3HAYCHHS
BIUIMBY 30BHIIIHIX (DaKTOpiB HA pe3yJbTarT OE3KOHTAKTHOTO TEIUIOBOrO KOHTpONo Oionoriuaux 06’ektiB (BO). O6’ekT
nocaikennsi. Y skocrti GionoriyHoro o6’ekty Oyio oOpaHo mroauHy. Xii HOCHiAKeHHs. BcTaHOBICGHHS KOpesIiiHOT
3aJIOKHOCTI MPOBOIWIKCH Yy JIBa HAMOLIBII MPOTHIICKHI 332 MapaMeTpaMH KJiMaTy Ce30HH — 3uMa i jito. J[ns mpoBeneHHs
JOCITiDKEeHHs OyJI0 B3ATO OJIHA JIIO/IMHA, TeMIepaTypa Kol BUMLIIoBaIach 3a nornomoroto temiosizopa FLIR Vue Pro R 640, o
BCTaHOBJICHHUH Ha KBajapokomntepi Cheerson CX-20, 3 iHTepBaioM y o1y TOKMHY BIPOIOBK H06H. JlaHi oTprMaHi y JITHIi mepios
10.08.2022. V 3umoBwuii mepion BumiproBanus npoBoamiuch 20.01.2022. PesyabraTn nociimxenns. 3po0ieHi BUCHOBKH PO
BiJICYTHICTh JIIHIHHOT KOpPEJISILIisi Mi>K BOJIOTiCTIO, TEMIEPATYpPOIO MOBITPst Ta Temieparypoio Tija bO y niThii nepion. | naBmaku
BCTAHOBJIEHA BUCOKA KOPEJIIisi MK BCIMa BKa3aHUMH MapaMeTpaMH y 3UMOBHI Tepiofl. 3po0JieHi BUCHOBKHU PO HEOOXiHICTh
PO3pobiIeHHsT MaTeMaTUYHOT Mojieni ()aKTOPHOTO BILIMBY Ha Pe3yJbTaT TEIIOBOro KOHTPoo bO 3 MeToro oTpuMaTy aHaiTHYHI
CIiBBiTHONICHHS IS OL[IHIOBAHHS KiJIbKICTi iH(OpMAIlii M0 KOXKHOMY 3 MOKa3HUKIB KOHTPOJIO TeMIEpaTypH mpu (HakTOpHOMY
BIUTHBI Ha (DYHKIIIFO NEPETBOPEHHS LIMX MMOKa3HUKIB. 3a3Ha4€HO, 110 TaKa MOJIENb 1aCTh 3MOT'Y PaH)KyBaTH IMOKa3HUKH KOHTPOITIO
TEeMIIepaTypy 3a 3MEHIICHHAM iX YYTJIHBOCTI J0 3MiHH PIiBHIB Mapamerpa TemieparypHoro konrpoiwoo. IIpomosunii moao
BHUKOPHMCTAHHS. 3aNPOIIOHOBAHO JUIS BMU3HAYEHHS TOYHOIO 3HauYeHHs Temrepartypd bO MpoBOIUTH PO3paXyHKH MOMPABOYHHX
koeilieHTiB, 00 EKCIepPUMEHTAbHO BCTAHOBJIECHO, LIO 3HAYEHHS TEMIIEpaTypH Tijla y 3UMOBHUIl Mepioj] Bigpi3HIIOTHCS Bif
JIHCHUX came 3aBJIKH BILIMBY TEMIIEPaTypH 30BHILIHBOIO CEPEAOBHILA.

KuawuoBi cioBa: Gionoriuauii 00’ €KT; KOPEIAIisl; BUMiPIOBaHHS; KOHTPOJIb, HEBU3HAUCHICTb.
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