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TEMPERATURE RESOLUTION OF COMPUTER-
INTEGRATED POLARIZATION THERMAL IMAGER

The work is devoted to the development of a method for determining the energy (temperature)
resolution of a polarization thermal imager, which contains a linear polarizer and a phase plate.
For this purpose it is proposed to use the noise equivalent temperature difference (NETD). A
physico-mathematical model of an optoelectronic system of the polarization thermal imager has
been developed, which allows one to calculate its signal transmission function. Based on this
function, a method for calculating NETD has been developed. The formula describing functional
dependence of a polarization thermal imager temperature resolution on the angular orientation of
the polarizer relative to the optical axis of the phase plate at a given degree of polarization is
obtained. A study of the impact of a test object radiation degree of polarization on the polarization
thermal imager temperature resolution was performed. Bibl. 8, Fig. 7, Tabl. 1.
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Introduction

Polarization is one of the four parameters of the electromagnetic field of radiation, and the other three
are intensity, wavelength and coherence [1,2]. Polarimetry measures the vector nature of the radiation
and provides important information about the surface orientation of the object, its shape and surface
quality. The polarization properties of radiation from objects of observation differ from the
background radiation and are not correlated with their intensity and spectrum. As a rule, the radiation
from the object is partially polarized, and from the background - natural [3, 4]. Thus, polarimetric
images are very useful for magnifying the signal from an object and suppressing background noise.
The main characteristics of polarized radiation are intensity, degree of polarization, ellipticity
and polarization angle [5,6]. To measure these characteristics in the infrared (IR) region of the
spectrum, polarization thermal imagers (PT) are used [7, 8]. The main characteristics of any thermal
imager used to study thermoelectric phenomena and devices are energy (temperature), spatial and
temporal resolution, which depend on the transmittance of its optical system, the sensitivity of the
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radiation detector and the characteristics of the electronic video signal processing system [9 —11].
There are a significant number of standards, monographs and articles devoted to modeling, calculation
and measurement of the thermal resolution of thermal imagers, by which we mean the minimum
radiation contrast between the object and the background that a thermal imager can detect [12 — 14].
At the same time, there is practically no scientific and technical information on methods for
calculating the temperature resolution of a PT.

Formulation of the problem

The purpose of this paper is to develop and study a method for determining the temperature
(energy) resolution of a polarization thermal imager.

Model of a polarization thermal imager

A polarization thermal imager can be viewed as a linear system that converts the brightness of
the observation plane from the IR region of the spectrum to the brightness of the image of the object
and background on the display screen in the visible region of the spectrum. The process of such a
transformation can be investigated using the generalized scheme of the system "object of observation -
atmosphere — thermal imager - observer™ [12, 13].

Radiation (intrinsic or reflected) from the object of observation and the background passes
through the atmosphere and enters the optical system of the thermal imager, which forms an image of
the object and the background in the plane of the matrix radiation detector (MRD). The radiation
detector converts the radiation stream, which forms an image, into an electrical video signal, which,
after amplification, goes to analog and digital processing devices. After the necessary transformations,
the video signal goes to the display, on the screen of which a visible analogue of the object and the
background is formed, is perceived by the observer.

Consider the opto-electronic system of PT, which consists of an optical system and MRD
(Fig. 1). The optical system, in turn, consists of an IR polarizer, a quarter-wave retarder, and an IR
thermal imager lens arranged in series on the optical axis.

One of important characteristics of thermal imager is signal transfer function (SiTF) us(Lt) — the
dependence of the electrical signal at the output of the electronic unit of the thermal imager on the
brightness of the object of observation. To obtain functional dependence us(L:), we will consider
Fig. 1. Let the observation object have a spectral brightness uniform over the area Ly(4), and its angular
dimensions (i x Gy significantly exceed the instantaneous field of view of the thermal imager, which
is located at a distance R from the observation object. We assume that the surface of the object and the
background radiates according to Lambert's law.

Then the spectral brightness of the object surface is determined by the formula as

L.() ==& (HM(AT,), (1)
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where ¢&t(A) is the spectral coefficient of radiation of the object surface; My(A,Tt) is Planck’s function.
If the normal to the surface of the object is placed at an angle ¢ to the optical axis of observation, then
the input pupil of the lens receives a spectral flux of radiation

2,(2) = 7, (LR)L;, ()2,4, cos g, @

where ta(A) is spectral transmittance of the atmosphere; A: is the area of the object within the
instantaneous field of view of the thermal imager; Qo = A, /R? is body angle within which the radiation
from the object reaches the entrance pupil of the lens area A,.
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Fig. 1. To calculation of transmission function of thermal imager signal:
1 — the plane of the radiation object; 2 — instantaneous linear field of view;
3 — optical system; 4 — MRD; 5 — video amplifier

The signal at the output of MRD with spectral sensitivity Rp (A) will be equal to
A, 4, A
u, = [ 2 (D7, (DRp(D)dA = A, Feos @ [[7 1, (D L (D7, (DRp(DdA. (3)

When measuring the SiTF function, it is assumed that the test object is located at a short distance
from the thermal imager, i.e. ta (A) = 1, and the spectral transmittance of the optical system within the
operating spectral range has an average value to. Then the function SiTF (3) of the thermal imager

taking into account the gain of the electronic unit Cg and the relationships 4, = JTDS‘ /4 i

A./R?= A, /f", following from Fig.1, will be given by
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w Dy 2 A,
u (L) = Cadp (}"—) 1, cos@ [[* L. (A)Ry(A)dA. 4)

o

The function us(Lt), has a complex form, which depends, first of all, on the working spectral
range and spectral sensitivity of MRD, which makes it difficult to measure the true brightness of the
object. Formula (4) does not take into account the spectral composition of the electrical signal, which
is determined by the readout system. In addition, the magnitude of the signal us is influenced by the
gain Cg and noise of the system.

As can be seen from formulae (1) — (4), the value of thermal imager signal us(x’,y’), at the output
of MRD is a function of absolute temperature T: of the object surface and its spectral radiation
coefficient Ei (4, 7). Moreover, video signal us(x’,y’) depends on spectral transmittance of the

atmosphere ta(A,R), the characteristics of optimal system D, ., 7, and MRD Rp(A), A1, ... A2, Ap, as

well as on the modulation transfer functions of separate elements of optoelectronic system of the
thermal imager.

Determination of temperature resolution of PT

As the temperature resolution of PT, we will use classical parameter which is called NETD
(Noise Equivalent Temperature Difference). The NETD parameter is understood as the temperature
difference between the standard test object and the background, emitting as the absolutely black body,
whereby the ratio of the peak signal value at the output of the standard reference filter of the thermal
imager which considers the test object, to the noise is equal to unity [15,16]. The test must have
angular dimensions that are several times the angular size of the sensitive area of the MRD pixel
ap % Pp, in order to eliminate the effect of spatial resolution on the measurement results.

To obtain formulae for the calculation of VET D, consider the signal transmission function of
the thermal imager (4). Additionally, we make a number of assumptions:

1. The test object is located at a short distance from the thermal imager. Then we can assume
that the radiation is little absorbed during passage through the atmosphere, i.e. in the
operating spectral range ta (A) = 1.

2. The electronic system of the thermal imager has an effective noise bandwidth Af.

3. A large test object is placed on a uniform background and has a temperature contrast AT. The

test object and background emit as a blackbody.
Since the object is always in the background, a red (informative) signal appears when there is a
temperature contrast between the object and the background, that is

U, =u, — Uy, (5)

where ust and us, are signals formed by the object and background, respectively.
If the object and background radiate according to Lambert's law, then formula (5), taking into
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account (4), provided that the gain Cg = 1, can be represented as

1 A A
Itsz_‘quﬁrﬂj Rp (A)[My(A, T, +AT) — M;(4,T,)]dA =

T - A,
=%}1r%‘§ro AT =R (AjMdﬂ, (6)

where 1, is the average transmittance of the optical system.
The spectral sensitivity of MRD can be expressed in terms of the specific detective ability
D *(A) according to formula [13]

Ry (4) = D*(4)

()

JAp :_'If

where Ap and un are area and noise signal of MRD pixel, respectively.
Substituting (7) into (6), we find the signal-noise ratio at the output of the reference filter

B'd;

_ U _ 1 Ag AT rds
SNR = o —A.1, 2% Tiar j‘i_ D= (A)——&

(A l"h )] da. (8)
We find the formula for calculating NETD from (8), assuming that SNR = 1. Then

m R Apar

MJIIJThld:{. (9)

NETD = AT =

i
Artody [ D)

The resulting formula is most general for calculating NETD. We present Eq.(9) in another form,
using Fig. 1. Itis obvious that 4, = mD>/41 4,/R* = Aﬂjf'i. Then

n —
a%2 Af

NETD = z = 10

o i ZDs .:.A}EM’;_,';' To) 33+ 4D (10)

where k,_ = fﬂ',’Du is lens aperture number.
Using relation (10), we define the following ways to reduce the NETD parameter:
1. Use fast lenses with a small aperture number &, = £, /D, and high transmittance t,. This is
the most efficient way, because NETD ~ k_.
2. Use MRD with a high specific detective ability D*()).
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3. Reduction of effective noise band Af of reference filter. However, to obtain a high spatial
resolution, this band should be increased [15]. Therefore, Af is chosen from a compromise
between spatial and temperature resolutions.

The obtained formula (10) for energy resolution is valid for the case when the thermal imager
converts the brightness of the object of observation from the IR region of the spectrum into its image
on the display screen in the visible region of the spectrum. In other words, in a classical thermal
imager there is a transformation of radiation intensity. A polarization thermal imager records the
polarization characteristics of the object and background by changing the angular orientation of the
polarizer and phase plate in the optical system. The transmittance 1o of the optical system of PT with
such a change in the angular orientation will be different, which according to formula (10) will lead to
different values of the energy resolution of the thermal imager.

The paper [16] investigates the method of calculating the energy transmittance of the optical
system of polarization thermal imager for partially polarized radiation depending on the angular
orientation of the polarizer and the phase plate. In the PT, the characteristics of the polarization image
are determined using the Stokes parameters, which are measured for angles o between the
transmission plane of the polarizer and the optical axis of a quarter-wave retarder equal to 0°, 90°,
45°, and 135°.

The results of these studies testify that the normalized transmittance of the optical system of
PT Tosn = Tos/ TpThpTo, Where tp, Thp and 1o are transmittances caused by the Fresnel losses on the input
and output surfaces of optical elements and the absorption in the optical medium of the polarizer and
the phase plate, respectively; 1, are transmittances of IR lens:

1. For natural radiation, the transmittance does not depend on the angular orientation of the
phase plate and is equal to 0.5.

2. For partially polarized radiation, the transmittance depends on the angle a. For angles a
equal to 0° 90°, 45° and 135°, the normalized transmittance t_ (os, n) for the degree of polarization 0.5
is equal to 0.75, 0.25, 0.5 and 0.5, respectively. This feature of the optical system of PT will be taken
into account when calculating the temperature resolution of the thermal imager.

Method of calculating the temperature resolution of PT

An important step in determining is the selection of a test object that should be used in the
calculations and measurements of the temperature resolution of the PT. In this case, one should take
into account:

1. Polarization characteristics of the object of observation: intensity, degree of polarization and
polarization angle.

2. Energy parameters of the object of observation (test object) and background, which are
determined by temperature, radiation and reflection coefficients of the object and the
background.

3. Orientation of the test object surface and background relative to the optical surface of the
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thermal imager.

Taking these features into account requires a detailed study that goes beyond this article. The
research will be based on NATO standard 4347 for ground forces "Determination of nominal
characteristics of static range for infrared surveillance systems" [17].

Therefore, in this paper, in the formula of energy resolution of classical thermal imagers (10)
we will additionally take into account the following:

1. Test object and background parameters:

1.1. The surfaces of the object and background have a uniform distribution of temperature T

and Ty, radiation coefficients & and &, and reflection coefficients R; and Ry. The background

temperature Tp = 288 K.

1.2. The degree of polarization of radiation from the test object is P, and from the

background P, = 0.

2. The transmittance of the optical system tos(0) = Tosn(0)(tpthpTo) depends on the angular
orientation a of the polarizer relative to the optical axis of the phase plate.
3. Radiation detector — microbolometric matrix (MBM), which has temperature sensitivity

NETDp, format pp x qo, pixel size Vo x Wp, frame frequency f;.

The specific detective ability D %, of the thermal radiation detector, such as MBM, does not
depend on the radiation wavelength, and, therefore, in formula (10) it can be factored outside the
integral. To determine NETD as MBM parameter in formula (10), it is assumed that [18]:

— aperture number of the optical system ko = 1,

— effective noise band Af = 1/(2t;), where t; is matrix integration time, which may be equal to the
pixel time constant tp.

In the case of such assumptions, the MBM parameter NETDp is calculated by the formula

4

[ ' r?.:EMg_:J.Tn'“ ' (11)
,.,-_ADrl--Dr_.-! .;__Tﬁ!i

NETD, =

where Ty, is the temperature of the test object whereby the parameter NETDp is determined.
From formula (11) we find the specific detective ability D %, and substitute it to (10)

NETD = NETD, ﬁkﬂ(nﬂ,m, (12)

(hsy
where kp (T, Tb) is a coefficient which takes into account the difference of the differential luminosity

of the surface of the test object at temperature Tw, whereby the specific detective ability of MBM was
measured, from the real background temperature T, when testing PT,

cAn @M 3 (AT )
2774 ti dA

‘4 aT
kp(Ten. Tp) = l.al: M (AT o (13)
<A1 aT
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Formula (12) is valid, provided that radiation coefficients of the test object &: and background
ep have close values, i.e. & = ep. The effect of degree of polarization P of partially polarized light from
the test object is taken into account in the transmittance tos(o) of the optical system of PT. In [16], it
was established that the transmittance tos(ot) is determined by the function:

Tos (@) = TpThpT, E(l — P) + Pcos®a|. (14)

Thus, the resulting formula (12) allows calculating the energy resolution of the polarization
thermal imager.

Example of calculating the temperature resolution of PT
Consider an example of calculating the temperature resolution of PT under the following
conditions:
1. Test object parameters:
e Background temperature T, = 288 K.
e Temperature contrast A7=2 K.
e Radiation coefficient of test object surface & = 1.
e Angular position of the normal to the surface relative to observation axis ¢ = 85 °
e Degree of polarization P = 0.5.
e Polarization angle ¥ =0 °.
2. Integral transmittance of the atmosphere in the spectral range A1...A> = 8 um ta= 1.
3. Optical system parameters:
e Input pupil diameter and infrared lens focal length — D, =50 mm and fo = 50 mm.
Input pupil diameter and IR lens focal length
e Integral transmittances of individual elements of optical system:
- polarizer 1, = 0.9;
- phase plate mp = 0.9;
- IR lens 1 =0.85.
4. Parameters of radiation detector — microbolometric matrix GWIR 0304X2A, which has parameters:
* Working spectral range A1...A2 = 8...14 um.
e Temperature sensitivity NETDp = 0.05 K
e Matrix format pp x gp = 640x512 pixel.
e Pixel size Vp xWp=17 x 17 um.
e Frame frequency f; =50 Hz.
To calculate the temperature separation of PT, we use formula (12), in which, according to the
condition of the example, we know:
1. Noise equivalent temperature difference of MBM NETDp = 0.05 K.
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e Radiation coefficient of test object surface & = 1.
2. Aperture number of the optical system ko = Dy / fo = 1.
Coefficient of MBM kp (T, Ty) for the temperatures Ty =300 K and Tp=288 K will be
calculated by the formula (13) [13]:

_-glltaMag?Sm:di 237 :;f;
kp(Te. Tp) = = ws: — 0,88 pW

[HPMAATEE 4 263

o K

Determination of the transmittance of the optical system of PT depending on the angular
orientation o of the polarizer relative to the optical axis of the phase plate is investigated in detail in
[16]. For partially polarized radiation, the transmittance depends on the angle a. For angles a equal to
0°, 90°, 45° and 135°, the normalized transmittance tosn for the degree of polarization P = 0.5 is equal
to 0.75, 0.25, 0.5 and 0.5, respectively. This feature of the optical system of PT will be taken into
account when calculating the temperature resolution of the thermal imager.

Let us substitute the above parameters of PT into formula (12) and calculate the temperature
resolution for different values of angle a:

NETD(a = 0°) = 0,05- ———————— 0,88 = 0,085 K;
0.%-0,9-0,85-0,75-1

NETD(a = 90°) = 0,26 K; NETD(a = 45°) = 0,13 K; NETD(a = 135°) = 0,13 K

Let us establish the dependence of the temperature resolution of PT on the degree of
polarization P of partially polarized radiation, which affects the transmittance tos (P) of the optical
system of the thermal imager. In [16], it was found that for angles a = 45° and 135 the normalized
transmittance does not depend on the degree of polarization and is equal to tos (P) = 0.5. For the angles

a = 0° and 90° we have, respectively:

Tos(P, @ = 0°) = =7, 73,7, (1 + P); (15)

Tos(P, @ = 90°) = ~7, 74,7, (1 — P). (16)

After substituting (15) and (16) into equation (12), we obtain the dependence of the
temperature resolution of the PT on the degree of polarization of the radiation of the test object. The
graph of this dependence for the previously selected parameters of the thermal imager is shown in
Fig. 1.
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. 1k5 )
NETD[:F,& =10 ): NETDDmkD [:Tf'.ll."Tb:]’ (17)
NETD(P,a = 90°) = NETD, 2kg kp(Toie Ty). (18)

TpTpiTol1-Fls;

It was also important to establish the dependence of the temperature resolution of the PT for an
arbitrary angle a of orientation of the phase plate relative to the transmission plane of the polarizer. In
[16], the dependence of the transmittance of the optical system on the angle o and degree of
polarization P was obtained:

T, (a,P)=1,1,,7,[05(1—P)+P cos® al. (19)

On substituting (19) into Eq. (12) we obtain a dependence of the temperature resolution of the
PT on the angular orientation o of the polarizer with respect to the optical axis of the phase plate with
a given degree of polarization P.

_ 1
NETD(a,P) = NETD, 0,9-0,9-0,85-[0,5(1-P)+P cos? a] 0.88. (20)

The plots of this dependence for the previously selected parameters of the thermal imager are
given in Fig. 2 and 3.

NETD(a,P), K

0,05

0 p
0 0.1 0.2 03 04 0,5

Fig. 2. Dependence of the temperature resolution of the polarization thermal imager on the
degree of polarization P of test object radiation for the angular orientation o of the polarizer relative
to the optical axis of the phase plate which is equal to: 1 —0°; 2 — 90°
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NETD(a, P),K
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0,25 —

0,15 5_/_____...-——
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a,°
0

0 10 20 30 40 50 60 70 80 90

Fig. 3. Dependence of temperature resolution of the polarization
thermal imager on the angular orientation « of the polarizer relative
to optical axis of the phase plate for the degree
of polarization: 1 - P =0.5;2-P =0.2.

Analysis of the obtained theoretical simulation results allows for the following conclusions:

1. As the degree of polarization P increases, the temperature resolution of the PT for the
radiation component that is polarized in the observation plane (a =0°) decreases, and for the
perpendicular component (a = 90°) it increases.

2. For nonpolarized radiation (P = 0), the transmittance of the optical system does not depend
on the angle o, so the temperature resolution remains unchanged at arbitrary orientation of the
polarizer relative to the axis of the phase plate.

3. For fully polarized radiation (P = 1), the temperature resolution depends on the angle o and
varies according to the law NETD (a, P =1)~cos?a. If o =0°, then the PT has the lowest
temperature resolution.

4. If the optical axis of the phase plate forms an angle o =45° wjth the plane of the

polarizer. then the temperature resolution of the PT does not depend on the degree of polarization P

and is equal to 0.13 K.

Conclusions

The proposed physics-mathematical model of the optoelectronic system of a polarization
thermal imager, which consists of a polarizer, a quarter-wave retarder and a lens arranged in series on
the optical axis, allowed developing a method for determining the temperature (energy) resolution of
the thermal imager. The study of this method made it possible to:

1. Obtain an equation for the thermal imager signal transmission function which was used to
determine the temperature resolution of the thermal imager.
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2. As a temperature resolution of polarization thermal imager it is proposed to use a classical
parameter — the noise equivalent temperature difference NETD and NATO standard 4347 [17-19].

3. Obtain an equation for calculating the NETD parameter, which takes into account the
dependence of the transmittance of the optical system on the angular orientation of the polarizer and
the phase plate. A study of this equation showed that

3.1. The polarization thermal imager records the polarization characteristics of the test object
and the background by changing the angular orientation of the polarizer and the phase plate in the
optical system. The transmittance to of the optical system of PT with such a change in angular
orientation will be different, which leads to different values of the temperature resolution of the
thermal imager [19].

3.2. The temperature resolution depends on the degree of polarization of the studied radiation.
For unpolarized radiation the temperature resolution remains unchanged at an arbitrary orientation of
the polarizer relative to the axis of the phase plate.

3.3. The lowest temperature resolution will be in the case when the optical axis of the phase
plate forms and angle o = 0° with the plane of the polarizer.

The obtained results must be taken into account when developing an electronic system for
processing video signals from a matrix radiation detector. In further research, it is also important to
develop a model of a test object with specified polarization characteristics of IR radiation such as the
degree, ellipticity and azimuth of polarization.

References

1. Goldstein D.H. (2011). Polarized light. 3d ed. London - New York: CRC Press.

2. Born M.,Wolf E. (2002). Principles of optics, 7th ed. Cambridge University.

3. Yanga Bin, Wub Taixia, Chenc Wei, Lic Yanfei, Knjazihhind Juri, Asundie Anand, Yan Lei
(2017). Polarization remote sensing physical mechanism, key methods

1. and application. The International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences. VVol. XLII-2/W7, Wuhan, China.

4. Zhang Y., Shi Z.G., Qiu T.W. (2017). Infrared small target detection method based on
decomposition of polarization information. J.of Electronic Imaging, T 33004, Nel.

5. Fizicheskii entsyklopedicheskii slovar’ [Physical encyclopedic dictionary] (1984). A.M.Prokhorov
(Ed.). Moscow: Soviet Encyclopedia [in Russian].

6. Vollmer M., Karstadt S., Mollman K.-P., Pinno F. (2001). Identification and suppression of thermal
imaging. InfraMation Proceedings. University of Applied Sciences, Brandenburg (Germany). ITC
104 A.

7. Zhao Yonggiang, Yi Chen, Kong Seong G., Pan Quan, Cheng Yongmei (2016). Multi-band
polarization imaging and applications. National Defense Industry Press, Beijing and Springer-
Verlag Berlin Heidelberg.

8. Gurton K.P., Yuffa AJ., Videen G.W. (2014). Enhanced facial recognition for thermal imagery

ISSN 1607-8829 Journal of Thermoelectricity Ned, 2020 53



V.G. Kolobrodov, V.I. Mykytenko, G.S. Tymchyk, B.V. Sokol
Temperature resolution of computer-integrated polarization thermal imager

using polarimetric imaging. Optical Society of America, 39(13), 3857-3859.

9. Sivukhin D.V. (2004). Obshchii kurs fiziki [General physics course]. 4" ed. Moscow: MFTI [in
Russian].

10. Anatychuk L.I., Vikhor L.M., Kotsur M.P., Kobylianskyi R.R., Kadenyuk T.Ya. (2016).
Optimal control of time dependence of cooling temperature in thermoelectric devices.
J.Thermoelectricity, 5, 5-11.

11. Kolobrodov V.H., Mykytenko V.I., Tymchyk H.S. (2020) Poliaryzatsiina model
teplokontrastnykh obiektiv sposterezhennia [Polarization model of heat-contrast objects of
observation]. J.Thermoelectricity, 1, 36-52.

12. Vollmer Michael, Mollman Klaus-Peter (2018). Infrared thermal imaging. fundamentals,
research and applications. 2" ed. Weinheim: Wiley — VCH.

13. Kolobrodov V.G., Lykholit M.I. (2007). Proektuvannia teploviziinykh i televiziinykh system
sposterezhennia [Design of thermal imaging and television surveillance systems]. Kyiv: KPI [in
Ukrainian].

14, Chrzanowski K. (2010). Testing thermal imagers. Practical guidebook. Military University of
Technology, 00-908 Warsaw, Poland.

15. Lloyd G. (1978). Thermal imaging systems. Moscow: Mir [Russian transl].

16. Kolobrodov V.G. (2020). Determination of transmittance of optical system of polarizing
thermal imager. Visnyk NTUU KPI Seriia — Radiotekhnika Radioaparatobuduvannia, 78, 78-85.
17. NATO Military Agency for standardization (1995). Definition of nominal static range

performance for thermal imaging systems.

18. Khrebtov I.A., Maliarov V.G. (1997). Neokhlazhdaiemyie teplovyie metrichnye priiomniki 1K
izlucheniia [Uncooled thermal array IR detectors]. Soviet Journal of Optical Technology, 6, 3-17
[in Russian].

19. Tymchik G.S., Kolobrodov V. H., Kolobrodov M. S., Vasyura Anatoliy S., Komada Pawel,
Azeshova Zhanar. (2018). The output signal of a digital optoelectronic processor. Proc. SPIE
10808, Photonics Applications in Astronomy, Communications, Industry, and High-Energy Physics
Experiments 2018, 108080W (1 October 2018).

Submitted 28.08.2020

Konooponos B.I'., doxm. mexu. nayk, npogecop
Mukutenko B.1., doxm. mexn. nayk, ooyenm
Tumuuk I'.C. ookm. mexu. nayx, npoghecop
Coxou B.B.

54 Journal of Thermoelectricity Ne4, 2020 ISSN 1607-8829



V.G. Kolobrodov, V.I. Mykytenko, G.S. Tymchyk, B.V. Sokol
Temperature resolution of computer-integrated polarization thermal imager

HarmionansHuii TeXHIYHUH yHIBEpCUTET YKpaiHU
«KwuiBcbkuii momitexHiuHU# iHCTUTYT iMeHi [ropst CikopcbKoro»
npocnekT I[lepemornu, 37, Kuis, 03056, Ykpaina
e-mail: deanpb@kpi.ua

TEMIIEPATYPHE PO3AVIEHHA KOMIPIOTEPHO-IHTETPOBAHOI'O
MOJIAPU3ALIIMHOT O TEILIOBI3OPA

Poboma npucesuena pospobyi Memoody GUBHAUEHHS eHePIemUYHO20 (MeMNnepanypHozo)
PO30iNenHss NONAPU3AYIUHO20 enn08izopa. 3anponoHOBAHO BUKOPUCMOBY8AMU Ol YbO2O
senuduUHy exgieanenmuoi wymy pisHuyi memnepamyp NETD (Noise Equivalent Temperature
Difference). Pospobneno ¢hisuxo-mamemamuuny MoO0eib — ONMUKO-ELeKMPOHHOI  cucmemu
ROAAPU3AYITIHO20 MENN08i30pa, AKA 003607A€ 0bpaxoeyeamu ii @yuxyito nepedaui cuenany. Ha
ocHo6i yiei pyukyii pozpobreno memoouxy obuuciennus NETD. Ompumano ¢popmyny, wo onucye
@DYHKYIOHAbHY 3ANEHCHICMb MeMNepamypHo20 pO30iIeHHs NOAAPUIAYILIHOZO0 Menn08izopa 6io0
Kymogoi opienmayii noaapuzamopa eiOHOCHO ONMUYHOL OCi (Paz080i NAACMUHU NPU 3A0AHOMY
cmyneni nonapuzayii. BukoHano 00CniOdceHHs naugy CMyneHs NOJApU3ayii eUNpPOMIHIOBAHHS.
mecm-06’exma Ha memnepamypHe po30ileHHs NOAAPU3AYIUHO20 MENN08i3opa, SKUL MICmumo
JUHITHUY nonsipuzamop i ¢pazosy naacmuny. biba. 8, puc. 7, maobn. 1.

Kniouosi cnoea. nonsipuzayilinuii mennogizop, ewepeemuume po30LNeHHsl, eKGIGANCHMHA ULYMY

DI3HUYS memnepamyp, CmyneHb noaspu3ayii

Kouno6ponos B.I'., ookm. mexn. nayk, npogheccop
MpbikbiTenko B.U., dokm. mexn. nayx, ooyenm
Teimublk I'.C., dokm. mexu. nayk, npoghecCop

Coxou B.B.

HaumoHanbHbIM TEXHUYECKUI YHUBEPCUTET Y KpauHbI
"KueBckuil monmuTeXHIYeCcKuit
uHCTUTYT MMeHN Urops Cukopckoro», npocriekT [lobensr,
37, Kues, 03056, Ykpauna, e-mail: deanpb@kpi.ua

TEMIIEPATYPHOE PA3JAEJEHUE KOMIIBIOTEPHO-
HUHTEI'PUPOBAHHBIX TOJIAPU3ALIMOHHBIX TEIIJIOBU30POB

ISSN 1607-8829 Journal of Thermoelectricity Ned, 2020 55


mailto:deanpb@kpi.ua

V.G. Kolobrodov, V.I. Mykytenko, G.S. Tymchyk, B.V. Sokol
Temperature resolution of computer-integrated polarization thermal imager

B cmamuve npednoscena nonsipuzayuonnas Mooeib menioguzopa ¢ Yeiblo €20 NPUMeHeHUs npu
UCCIe008AHUU  MEPMOINEKMPUYECKUX — SAGNEHUN U  YCMPOUCMS,  NO380Jiem  NOGbLCUMb
appexmusnocmv pabomvl maxux ycmpoticms. s uccie008anus U npoeKmupo8aHus maxux
MENNOBU30PO8 PACCMOMPEHA (DUIUKO-MAMEMAMUYECKAST MOOelb NONAPUZAYUL UTYYEHUS OMm
00beKmo6 HAOMOOeHUs, KOMOpAas Yuumvléaem NOISAPUSAYUOHHBIE CEOUCMEA COOCMEEHHO20
MENN0B020 ULYYEHUS U OMPAJICEHHO20 GHewHe20 usnyienus. Paspabomannas mooenv Ovlia
npUMeHeHa Oasi onpeoeieHus NOJAPUSAYUOHHBIX CBOUCME U3LYYEHUs NIOCKOU JHcele3HOU
naacmunsl. AHAIU3 NOIYUEHHBIX PE3YTbMAMO8 C8UOEMeNbCMEYem 0 MoM, Ymo 0 Menio8o2o
uznyuenus npu yeaax nabmooenus y < 40°, cocmasasrowue Ko3puyuenma uznyvenus nowmu

oounaxoevl &= &,=0.16, no ¢g<&,. C yeemuenuem yana Habnwoenus y >40°

nepneHOUKyIApHAaA NOJAPUSAYUOHHAA KOMNOHEHMA £, MOHOMOHHO YMEHbUaemcs 00 HYIA, d
napainenvbHas KOMROHEHMA &) YEenudu8aemes u 0ocmueaem MaKkCumManloHo20 sSHavYeHus. npu yaie
w = 84° a 3amem ymenowaemcsa 0o Hyas. CmeneHv NOAAPU3AYUU U3TYUEHUS 803pACMAEm C
yeenuueHuem yena y u npu yeae y = 84° pasna 0.96. Ilonyuennvie pe3yivbmamvl Uccie0o8anuil
YenecooOpazHo UCNONL308AMb NPU PA3paAbOmKe MOOenu MepMOodIeKMPUKO8, KOMopds MOodicem
UCNONL308aMbCS NPU NPOSKMUPOBANHUL NOTAPUZAYUOHHO20 menaosuszopa. bubn. 8, puc. 7, mabn. 1.

KaroueBnbie cioBa: [lonmspn3anuoHHBIA TEIDIOBH30pP, TEMIIEPATYpPHOE pa3felicHHe, YaCTHIHO

TIOJIAPHU30BAHHOC U3IIYUYCHUE, CTCIICHD ITOJIApHU3alliH.
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