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The aim of the work is to increase the resolution of IR images obtained as a result of monitoring thermal objects.
Methodology. It is known, an optical system can not date a CCD point picture thermal object. Instead picture diffraction
spots, have significant deterioration in quality thermal image which has a reduced effect with defraction. This is an urgent
system task useful in the formative and processing signal. To achieve this goal, it is suggested to use the method of reverse
filtration, which allows, knowing the function of point dispersion (FPD) of the optical system caused by the phenomenon of
diffraction, to significantly reduce its effect on the quality of the resulting image. In the optics-computer system, the optical
image is projected onto a CCD matrix, de FPD which is already presented in digital form. This method based on reverse
filtration [Rabiner et al., 1978]. It is believed that blur is an irreversible operation and information is irretrievably lost,
because every pixel turns into a spot and everything mixes. Results. In fact, all information is simply redistributed in
accordance with the FPD and can be uniquely restored with some reservations. The proposed technique for using the
reverse filter algorithm allows us to overcome the limitations imposed by the optical system. Scientific novelty. The
authors propose to use the specially developed digital measures and the program of two-convolution convolution
(convolution) of these images with FPD to determine the effect of the FPD values on the resolution of the monitoring
system. Practical significance. The developed algorithm of reverse filtration (deconvolution) together with other methods
(for example, sub-pixel processing) can be successfully used for processing IR images obtained as a result of remote
monitoring of thermal objects. The deconvolution method allows overcoming the limitations on the resolution that are
imposed by the optical system in the infrared range. This leads, in the absence of noise, to an accurate reproduction of the
input image of the thermal object, regardless of the diameter of the world spot. The difference in the values of the FPD
optics and the FPD model, which were used in the implementation of convolution and deconvolution programs, is of
decisive importance. Especially important are the results of the operation of the method of reverse filtration under the
conditions of noise on the thermal image and in the data transmission channel. The value of the signal-to-noise ratio at
which the distortions are considered as insignificant is determined. At the same time, as the studies show, the magnitude of
the photoluminescence spot of the objective is important. The question of application of the proposed method of reverse
filtration in the case of uncertainty of lens data, which was used in thermal monitoring, is often encountered in the practice
of processing thermal imagery available to the user. All the results obtained are verified on imitation models, which is the
additional novelty and practical significance of the results obtained.
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Introduction

When processing the infrared images obtained
during remote monitoring of thermal objects, a
blurring problem arises. It is known that any optical
system can create a clear pixel image on a device
with a charge device (CCD) of the matrix. FPD can
be obtained experimentally or presented analyti-
cally. The latter is convenient for researching and
developing algorithms for digital image processing
[Gashnikov, 2003]. To evaluate the algorithms, one
of the possible expressions for FPD (1) was used: Fig. 1. The intensity of the image

of two neighboring points

= () 2 1 The optical image is projected onto a CCD array.
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exceed the resolution of the matrices, it is
believed that the more pixels in the matrix, the more
small details of the object can be obtained in the
picture. Obviously, no, as even the most ideal matrix,
can see the details that the lens could not distinguish.
In Figure 1 below shows the intensities of the images
of two points at a distance corresponding to the
Rayleigh criterion (a). This image is digitized by CCD
matrices (b, c). If the linear size of the pixel is less
than or equal to the radius of the Airy disk, then the
points are seen separately (b).

Purpose of the study

Reducing the pixel size can not improve
resolution. If the pixel size is larger, for example,
equal to the diameter of the Airy disk, then the image
of the points merge (c) It is considered that the
resolution is fundamentally limited by diffraction in
the optical system of the apparatus. However, in the
optics-computer system, this limitation is not so
important. The resolution of the complex depends on
the optical system, the method of forming the frame
on the IR matrix and the algorithm for digital
processing, it is advisable to estimate the resolution
separately. [Pereslavtseva 2012.]. Perhaps a digital
representation for the FRT:
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00 0 0 0 0 0 0

The disk of Eyri is shown in Fig. 2

Conditional Colors

a) Infrared point

6) Airy disk at matrix input  8) Airy disk at the output
of the matrix

Fig. 2. Airy Disk
Located in the focal plane, the IR matrix
transforms the FPD into a digital form (c). The
pixel size in this figure is equal to the radius of the

Airy disk. To remove the real-lens FPD, for
example, it is possible to use an IR diode, placing it
in the focal plane of an additional lens, which at the
input of the lens will form an IR diode at infinity,
so that the image can be considered as a dot. From
the point of view of digital signal processing, the
optical system can be considered as a two-
dimensional linear digital filter with a pulse
response corresponding to the FPD in digital form.
Impulse response is called the filter response per
unit pulse (Kronecker pulse) is presented at its
input [Gonzalez, 2006]. The pulse response of the
digital filter (DF) fully and unambiguously
describes its properties. There are no additional
characteristics of a linear DF, which would be
impossible to obtain with an impulse response. In
order to obtain an image of the measure at the
output of the lens, it is necessary to perform the
two-dimensional convolution (convolution) of the
measure and the FPD. This operation is the model
of the lens. In Fig. 3 shows the result of the
convolution of Mira-3 and FPD, that is, the Mira-3
image in the focal plane of the objective.

Mira-3 after the convolution

Mira-3

Fig. 3. Image of the Mira-3 at the entrance
and exit of the lens

Since the model of the objective with FPD is
used, which is not a single Kronecker pulse, so the
Mira-3 image is very blurry. The task is to
eliminate the blurriness and restore the original
image of the world if the FPD of the lens is known.
It is commontly believed that blurring is an
irreversible operation and that information is
irretrievably lost, because when each pixel turns
into a spot, everything mixes, and if the blur radius
is large, we get a uniform color throughout the
image [Zhang Ningyu 2007] In fact, all information
is simply redistributed into compliance with the
FPD and can be unambiguously restored with some
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reservations. The only exception is the edge of the
image in the radius of the blur — there is no full
restoration. The main way to restore image clarity
is to process the observed image with an inverse
filter [Sergienko, 2002]. The transfer function of
the inverse filter is determined from the relation:

FPD (z1.22)* FPDinv.(21,22 = 1,
whence FPDin. (z1,22) = 1/ FPD (z1,22).

Methodology

The restored image is equal to the sum of the original
image and the noise transmitted through the inverse
filter. In the absence of noise, an accurate
reconstruction by the inverse filter of the original
image is achieved. When images are restored with an
inverse filter, edge effects arise, which manifest
themselves as oscillating noise. To investigate the
possibilities of reverse filtration (deconvolution), the
program “Inversion of FPD.mcd” was developed
[Dyakonov, 2007]. The results of the reverse filtration
(scanning, deconvolution) of Mira-3 obtained
by lenses with different FPD (a = 1, 10 and 100) in the
absence of noise and identity of FPD in convolution
and deconvolution are shown in Fig. Virtually
achieved an ideal recovery, which does not depend on
the size of the Airy spot.
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Fig. 4. Results of reverse filtration

About the effect of noise
Most often, the effect of noise in inverse

filtering is considered regardless of the location of

its influence [Soifer and others, 2002]. However,
two options are possible with different results.

Option 1. Noisy world (or real object). In
general, this option seems trivial. However, in the
infrared range, photographs of one object at
different times may have different noise compo-
nents. As shown in Fig. 5, noise is perceived by the
lens as an element of the original image and does
not affect the quality of inverse filtering.

Mira-3 + noise 6 dB BPFfora=10 Photo era 3
+noise 6dB

Photo Mira-3 + noise 6 dB
after deconvolution

Fig. 5. Effect of noise on inverse filtering
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Fig. 6. Transmitting images over a noisy channel

Option 2. Noise is added to the image that is
formed by the lens. Such a case is possible, for
example, when the image from the receiving IR
matrix is transmitted over a noisy communication
channel for further processing by an inverse filter. As
shown in Fig. 6, in this case it is not possible in this
case, to restore the original image without distortion.

As shown in Fig. 7, the amount of distortion in
this case depends on the size of the FPD.
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Fig. 7. The amount of distortion depending on the size
of the FPD
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Impact of inaccurate determination of FPD

Analytic (calculated) values of the FPD may be
small, but they will still differ from the real ones.
The difference between them is generally unknown
[Prudyus Ivan. 2015} Therefore, before proceeding
to deconvolution with real FPD, it is important to
first estimate the permissible error between the FPD
in the convolution (which is performed by the
objective) and the FPD used in deconvolution. It is
practically impossible to perform experimentally.
Digital model of the FPD lens [Soifer, 2000] allows
one to do this quite simply. To do this, we used a
snapshot of Mira-2 of the objective model with a
PSF at a = 1 and y = 1 (convolution), and
deconvolution was performed with objectives with
a FPD at a = 1-5 and y = 1. The quality of
processing can be estimated visually and quan-
titatively. For this purpose, the relative error A%
between the FPD used in the convolution and the
FPD in deconvolution (FPD-0 and FPD-1, respec-
tively) were calculated [Pereslavtseva et al., 2012].
The results are shown in Fig. 8.

In addition, the relative error p% between Mira-
2 and the image after deconvolution was calculated
in parallel, as well as the mutual correlation
coefficient Kr between them. Even with very small
differences between FPD in convolution and
deconvolution (which practically do not differ
visually), the error grows rapidly. True, the cross-
correlation coefficient falls off slowly. The fact is
that even with a sufficiently large discrepancy
between the FPD, the main details of Mira-2 can

still be distinguished.
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Fig. 8. Quality of processing of images Mira 2
depending on FPD
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Result

To check the deconvolution of real images of
thermal measures, two frames with more or less

visually noticeable details were used: IR1_P15 32
and IR_P0,8_32. Deconvolution was carried out by
the model of FPD with parametersa=1andy = 1.

IR1_P15_32 BPFU a=1, b=1 Photo after
deconvolution

Fig. 9. Result of block frame

IR_P0,8_32 BPF-0: a=1, b=1 Photo after
\=P77 wolution

Fig. 10. Blurring the boundaries using
the inverse filtering method

The results can only be judged visually. As can
be seen from Fig. 9, the central the area of the
IR1_P15 32 frame to deconvolution had a size of
4 x 4 pixels, and after — 3 x 3 pixels. Although the
parameters of the model of PSF are chosen almost
arbitrarily, but there is still some progress. It is
difficult to make any conclusion about the result of
IR_P0,8 32 frame processing. First, the contrast of
the original frame is very small and, secondly, there
are no clearly defined details for comparison in the
frame. In addition the explicit blurring of the
boundaries on this frame of the processed image, as
mentioned earlier, as a drawback, which is inherent
in the method-using reverse filtration [Krylov and
others, 2014]. As shown in Fig. 10.

Scientific novelty
and practical importance

The developed algorithm of reverse filtration
(deconvolution) together with other methods (for
example, sub-pixel processing) can be successfully
used for processing IR images obtained as a result
of remote monitoring of thermal objects. The
deconvolution method allows to overcome the
limitations on the resolution imposed by the optical
system in the infrared range. This leads, in the
absence of noise, to an accurate reproduction of the
input image of the thermal object, regardless of the



40 leodesisi, kapmoepadhis i aepoghomosHimarHs. Bur. 85, 2017

diameter of the light spot. The difference in the
values of the FPD optics and the PSF model, which
were used in the implementation of convolution and
deconvolution programs, is of decisive importance.
Especially important are the results of the operation
of the method of reverse filtration under the
conditions of noise on the thermal image and in the
data transmission channel. The value of the signal-
to-noise ratio at which the distortions are
considered as insignificant is determined. At the
same time, as the studies show, the magnitude of
the photoluminescence spot of the objective is
important. The question of application of the
proposed method of reverse filtration in the case of
uncertainty of lens data, which was used in thermal
monitoring, is often encountered in the practice of
processing thermal imagery available to the user.
All the results obtained are verified on imitation
models, which is the additional novelty and
practical significance of the results obtained.

Conclusions

The method of reverse filtering allows to
overcome the limitations on the resolution imposed
by the optical system in the infrared range. In the
absence of noise, an accurate reconstruction by the
inverse filter of the original image is achieved.
With a signal to noise ratio of less than 6 dB, the
recovery quality is not necessarily high enough.
The authors consider it promising to use this
method to improve the quality of thermal images
for monitoring objects in combination with their
subpixel processing.
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BUKOPUCTAHHS METOY 3BOPOTHOI ®IJIbTPAILIII
JIJ1S TIIBULLIEHHS PO3ALJIBHOI 3JATHOCTI I4-3HIMKIB

Meto10 po0OTH € MiJBUIIEHHS PO3AUIBHOI 374aTHOCTI [Y-3HMMKIB, OIEpKaHUX y pe3yibTaTi MOHITOPHHTY
TeryoBUX 00’exTiB. MeToamka. Binmomo, 1m0 »KoaHa ONTHYHA cucTeMa He Moke natu Ha [133-marpuni ToukoBe
300pakeHHs TEIJIOBOTO 00’ €KTa. 3aMiCTh IIOTO, (OPMYEThCS TUdpakLiiiHe 300paKeHHS IUISIMH, [0 IPU3BOIAHUTE 10
3HAYHOTO NOTIPIICHHS SKOCTI TEIUIOBOTO 300pakKeHHS. 3MEHIINTH BIUIMB AW(paxmii — I HaragbHEe 3aBIaHHS
cucteMd (OpMyBaHHSI Ta OOpOOJIEHHS KOPHCHOTO CHTHaly. J[ms MOCATHEHHS Iii€l MeTH 3alpOIIOHOBAHO
BUKOPUCTAHHS METOIY 3BOPOTHOI (pinbTpariii, mo m03Boiisie, 3Har0un QyHKIif0 poscitoBaHHS ToUkd (OPT) onrtuanoi
cHcTeMH, OOYMOBJIEHOI sBHIIEM AW(PaKIii, 3HAYHO 3MEHIIMTH ii BIUIMB Ha SKICTh OAEPXKAHOTO TEIUIOBOTO
300pakeHHSA. Y CHCTEMi ONTHKA —KOMII'IOTEp ONTHYHE 300paKeHHsS MpoekTyeThes Ha [133-matpuimro, ne OPT
NpEICTaBIeHO BKe B IMMPOBiit ¢opmi. MeToa 3acHOBaHMN Ha 3BOPOTHi# ¢insTpamii [Pabunep u apyrue, 1978].
BBaxkaeThcs, M0 PO3MUTTS — IIe HeOOOpOTHA omeparlis i iHpopmaillisi 0e3MOBOPOTHO BTPAYAETHCS, TOMY IO KOXKCH
MIKCEJIb MEePETBOPIOETHCS HA IULIMY, — Bce 3MilnyeTbesi. Pesyabrarn. IlokazaHo, mo Bcs iHpoOpMaris mpocto
nepepo3noausieTsest BianoBinHo 10 ®PT 1 Moxke OyTH OIHO3HAYHO BiJHOBJEHA 3 JESIKHMMH 3aCTEPEIKCHHSIMH.
3anpornoHoBaHa METOJMKAa BHKOPUCTAHHS aJrOPUTMY 3BOPOTHOI (iibTpamii fae 3MOry mojaojiaTh OOMEXEHHS, SIKi
HaKJIaIAI0ThCSl ONTUYHOIO cucTeMoio. HaykoBa HOBM3HA. ABTOPH IPOIIOHYIOTH Ul BU3HAUCHHS BIUIMBY BEJIMYUH
OPT Ha po3miTBHY 34aTHICTb CHCTEMH MOHITOPHHTY BHKOPHCTATH CIICIiaIbHO PO3poONeHi IudpoBi Mipu Ta
mporpaMy ABYMipHOi 3ropTku (KoHBOMOMIIi) mux 300paxens 3 ®OPT. IIpakTtuuHa 3Hauymicts. Po3pobieHo
ANTOPHUTM 3BOPOTHOI (iNbTpamii (IeKOHBOIONIT) pa3oM 3 IHITUMH METOIaMU (HANPUKJIA, CYOImiKceIbHOT 0OpOOKN)
MOXKHa 3 YCIIXOM BHKOPHCTaTH miJg dYac oOpoOneHHs [Y-3HUMKIB, OAep)KaHHX y pe3ylbTaTi IUCTAHIIIHOTO
MOHITOPHHTY TEIUIOBHX 00’ €KTiB. MeTo I IEKOHBOIONII Ta€ 3MOTY HOAOIAaTH OOMEXeHHS Ha PO3IUTBHY 3JaTHICTH,
SKi HaKJIQJalThCs ONTUYHOK cucTeMor B [Y-miamasowi. Ile mpu3BOAWMTH, 3a BiICYTHOCTI IIyMYy, JO TOYHOTO
BIZATBOPEHHS BXIJIHOI'O 300pak€HHsI TEIUIOBOrO 00’€KTa, HE3aJIeKHO Bij JiaMeTpy CBITOBOI IUIsIMH. Bu3HauanbHe
3Ha4eHHs, Mae BigMiHHICTh 3HaueHb OPT ontuku Ta OPT Momeni, siki BUKOPHCTOBYBaIMCh Wi 4ac peajizamii
porpaM KOHBOJIIOIT Ta qeKOHBOOMIT. OCOOIUBO BaXKIIMBI PE3yJIbTaTH MIii METOAY 3BOPOTHBOI (PiIbTpAIlil B yMOBax
Ji1 IyMiB Ha TEIUIOBOMY 300pakKeHHI 1 B KaHali nepejiayi JaHuX. Bu3HaueHa BeJIMYMHA BiJHOUICHHS CUTHAM / IIyM,
3a SIKOTO CIIOTBOPEHHSI PaxyIOThCs, K He3Ha4yHi. BoxHoYac mMae 3Ha4YeHHs, K MOKa3ylOTh JOCITIHKEHHS, BEIMYMHA
wisimu OPTo6’exTrBa. Po3risiHyTe MUTaHHS 3acTOCYBaHHS 3alPOIIOHOBAHOTO METOAY 3BOPOTHOI (inbTpamii y pasi
HEBHM3HAUEHOCTI aHUX 00’ €KTUBY, SKMH BUKOPUCTOBYBABCA il 4aC TEIUIOBOTO MOHITOPUHTY, 1[0 YaCTO TPAILIIETHCS
B INIPaKTHI OOpOOJCHHS TEIUIOBUX 3HIMKIB, HasBHUX Yy KOPHCTyBada. YCi OTpHMaHi pe3ylbTaTH NepeBipeHi Ha
IMITaIIfHUX MOZENISIX, B YOMY 1 ITOJISITa€e 10/JaTKOBA HOBU3HA Ta MPAKTHYHA 3HAYYIICTh OTPUMAHUX PE3yJIbTaTiB.

Kniouosi cnoea: posminbHa 3maTHICT, 00 €KTHB, (YHKIS pO3CIIOBAaHHS TOYKH; MOJENb; KOHBOJIOIIL,
JIEKOHBOJIFOLIIS.
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