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Ha €(DEKTUBHICTh ONITUKO-EJIEKTPOHHUX CUCTEM
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HauionaneHuii TeXHIYHUHN yHIBEpCUTET Y KpaiHu

«KwuiBchkuii nomitexHiuHUA 1HCTUTYT iMeHi Iropst Cikopcbkoro» kpi.ua

Kuis, Ykpaina

Anomauyia—Yy naHiii cTaTTi pO3risSHYTO OCHOBHI KpHTePil BUAB/ICHHS 00'€KTiB 3 BHUKOPHCTAHHAM ONTHKO-€JIEKTPOH-
HUX 3ac00iB B iHppayepBoHoMy aiama3oHi. [IpoBeneHo aHani3 JiTepaTypHMX [uKepes i HaBeleHO OCHOBH Bisyanizamii
i popmyBaHHs iHppauepBOHMX 300paKeHb B TeIUIOBI3iHHUX cucTeMaXx. PO3IIsIHYTO A0UIJIbHICTH BUKOPUCTAHHS KPUTeEPil0
JI’KOHCOHA MPH PO3pPaxyHKY e)eKTHMBHOCTI ONTHKO-eJeKTPOHHUX CHCTeM B pealbHHX yMoBaX. 3asHaueHi ¢akTopm, siki
B 0lib1Iii Mipi BIVIMBAIOTH HA JAJBHICTD i AKiCTH BUsIBJeHHA L. Takoxk npoaHaJizoBaHi akTyaabHi Moje1i Ta MporpamMHi

NaKeTH, sIKi BpaXoBYIOTh HeraTuBHi (pakTopH.

Knrwuogi cnosa — cucmema cnocmepedsiceHHA; mennogiziiina cucmemas; inghpauepeone 300pasicennn; uasaeHnA 00'ckmie.

L Bctvn

Ha cporomni omntuko-enekrponHi cuctemu (OEC)
3 3aXOIUICHHSIM 300pakeHHS B iH(PpauyepBOHOMY Jiaria-
30Hi CIIEKTpa MIUPOKO 3aCTOCOBYIOTHCS B Pi3HHX cepax
JIIOJICHKOT AisUTbHOCTI. TeruioBi3iitHi mMpUCTpOi BUKOPHC-
TOBYIOTh TEPMOBHIIPOMIHIOBAHHS, SIKi POOIIATH MOXKITHU-
BHUM BUJIUICHHS TIPEIMETIB 1 JIt0JIel B MOBHIN TEMPSIBI Ta
B PI3HUX CKJIaJHUX HECTIPHUSTINBUX I Bi3yalbHOTO
CIIOCTEPEKEHHS TOTOJHUX yMOBaX. THIIOBHM 3acTOCY-
BaHHSM TaKO1 TEXHOJIOTi1 € CUCTeMH OE3MEKH 1 crocTepe-
JKCHHS, a TAKOXK Taly3b aBTOHOMHOT HaBITalii JTiTaTbHAX
amapaTiB 1 Ha3eMHHUX TPaHCIIOPTHHX 3aCO0iB.

Metoro po0OOTH € OTJsl ICHYIOUHX KpPUTEpiiB s
TOYHOI OLiHKM icTMHHUX Xapaktepuctuk OEC 3 ypaxy-
BaHHSAM HECTIPHATINBUX (AKTOPIB peabHUX YMOB.

II.  OCHOBH BI3YAJI3AIIll IHOPAYEPBOHIX
30BPA’KEHb

Sk Bxe Oyno 3a3HAa4YeHO, TEIUIOBI3IHHI CHCTEMH
JIO3BOJISTFOTh BUSBIIATH 00’€KTH B TMOBHINM TeMpsiBi. Lle
JIOCATAETHCS 3aBISIKH MOXIIMBOCTI HArpiTUX 00 €KTiB
BHIIPOMIHIOBATH a00 BiIOMBATH EJICKTPOMATrHITHI XBHIII,
B iH(ppauepBoHomy (IY) miamazoni. IudpagepBone
BUIIPOMIHIOBAHHS Ma€ OibLIy HOBXHHY XBWII, HIK
BU/IMMA YaCTHHHU CIIEKTPY, TOMY JUIsl JIIOJAWHHU TaKe BH-
MIPOMIHIOBaHHS € HEOMITHUM [ 1].

[HdpavepBoHHUil CIEKTP, B CBOIO YEPTy, MOAITSIETHCS
Ha KiJibKa Jiana3oHis [2]:

e  Near-Infrared (NIR) — cBitno 6mmxaporo 4 nia-
MMa30Hy crekTpa, Big 0,7 mo 1 MxMm.

e  Short-Wave Infrared (SWIR) — cBiTiio kopoTKo-
xBunmboBoro 1Y miama3zony cmektpa, Bim 1 mo
3 MKM.

o Middle-Wave Infrared (MWIR) — cBitio cepen-
Hboro [Y niamasony crekrpa, Bif 3 10 5 MKM.

e Long-Wave Infrared (LWIR) — moBroxsmisoBa
niamazoH [Y cnekrpa, Bixg 8 1o 14 MkM.

e Very Long-Wave infrared (VLWIR) — nonaamo-
BroXBWIIbOBHI nianma3oH [Y crmekrpa, moHan
14 MxM.

TemoBizopu 3HaTHI NPUAMATH BUIIPOMIiHIOBaHHS
00’exty B IY niamasoHax crekTpy, SKi MaloTh BIKHO IPO-
3opocti armocepn, Tooto MWIR Ta LWIR [3], sK
nokazaHo Ha Puc. 1 [4]. ¥ cydacHux cuctemax Gpopmy-
BaHH:A [Y 300pakeHb BUKOPUCTOBYETHCS OBIOXBHIBO-
BUI1 Jiara3oH Juis 30€pexeHHs] yMOB OCBITIICHHSI.

[epen Tam sik [Y 3006paskeHHs Ailiae 1o criocTepiraya,
BOHO IOBHHHO TPOWUTH HAJCKIATHY CTPYKTYpY, sKa
BKITIOYA€ ONTHYHI JiH3H, MAaTPUIIIO, IO peecTpye iHdpa-
YEpPBOHE CBITJI0, OJIOKH 00POOKH 300pasKeHHS Ta ONITHMIi-
3arrii 1 BUBEIEHHS Ha JUCIUIECH.

CTpykTypHa cXeMa MpoLecy IOeTarmHoro ¢opmy-
BauH: [Y 300pakens 300pakeHa Ha Puc. 2 [3].
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Puc. 2 Jlanuor dhopmyBanus [Y 300pakeHHs B TEIUIOBI3IHUX CHCTe-
Max
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JeTeKTvEaHHA  PoOIMZHAEAHHA

Puc. 3 Imoctparist 3acTocyBaHHS METOMy Ha peaibHiil i i mependa-
qyBaHOMY 300pakeHHI

TABJIMLA 1 PIBHI BI3YAJIBHOI'O CITIPUAHATTSA

PiBHi Bi3yaib- Po3zgiibHa 37aTHICTH
HOI'0 CNIpHIi- IMapw JinHiii Ha po3- Mikceni Ha po3mip
HATTSA Mip miji wiJti
BusiBnenus 1+£0,25 2
OpieHTaris 1,4+0,35 -
PosmnizHaBaHHs 4+0,8
Inenrudikaris 4+0,8 13

III. OCHOBHWIA KPUTEPIV BUSABJIEHHS OB'€KTIB

Ha croromnimHili JeHb iCHy€e 0e311id4 METO/iB BHUSB-
neHHst 00'extiB Ha Y 300pa’keHHI 3 BUKOPHUCTAHHIM
OEC, anme mepmioBinkpruBadeM B IbOMY IHUTAaHHI CTaB
Jxon JlxxoHcoH B 1958 poui. Bin oxapakTepusyBas iiMo-
BipHICTh BHSIBJIICHHSI 00'€KTa Ha OCHOBI €()eKTHBHOI pO3-
IUTBHOT 3JJATHOCTI 300pakKyBaHOTO IIpPEeIMeTa i BUSBUB,
10 B Mipy 30UIBIIEHHS PO3AiIBHOI 31aTHOCTI IIiJIi, 3pOcC-
Tae i MMOBIPHICTH TOTrO, IO CIIOCTEpirad yCHimHo ii
BHSABUTH [5].

B ocHOBI METO/Ty BUSIBIICHHS JICKHUTH [IEBHA KiJIbKiCTh
IITPUXOBUX Tap JIiHiH, sIKi 3aIOBHIOIOTH CIIOCTEPEKyBa-
HU 00'€KT B 3aJICKHOCTI BiJ HOTO PO3AUTHFHOI 3aTHOCTI
(Puc. 3, [3]). IcHy€e 9OTHPH OCHOBHHX PiBHS Bi3yaJIbHOTO
CIPUAHATTS, SKi BU3HAYUB J[>KOHCOH: 1) BUsIBIICHHS (Ha-
SIBHICTh 00'ekTa), 2) BU3HAYCHHS OpieHTalll (BepTHKa-
JbHA, TOPU3OHTAJbHA), 3) pO3Ii3HABAaHHS (BU3HAUCHHS
Kiacy 00’exty), 4) inentudikaiis (po3pisHEeHHs 00'€KTiB

B Kiaci). KoxeH piBeHb BU3HAYAETHCS CBOEIO KUTBKICTIO
LITPUXOBAHUX Map JiHid. BigmosinHo, Ko Ha 00'eKT
YKJIaJaeThesl OLThIIa KUTBKICTh MOMIOHUX Tap, TO TaKUi
00'exT € OUTbIN iHGOpMaTuBHUM. Y Tabmuis 1 HaBeIeHO
KUTBKICTP TIap JIiHIH 1 mKCeTiB Ha po3Mip i, sSKi BiAIO-
BiZIalOTh KO)KHOMY PiBHIO CHIPUIHATTSL.

Kpwurepiit [IxoHcoHa He BpaxoBye 6e3iid (akTopis,
SIKi BIUTMBAIOTh Ha PO3Mi3HaBaHHS 00'€KTIB, TOOTO BiH 3a-
CTOCOBYETHCS JIMILIE B iJC€AIBHAX YMOBaxX, aje IaHud
KOHLIETIT JIII' B OCHOBY MOAAIBLIMX yJIOCKOHAJIEHHX MO-
JeNnel 1 METO/IB.

IV. 3ATAJIBHUIA AHAJI3 ICHYIOUMX [IPOBJIEM

Koxna nanka naHmora ¢GopMyBaHHS 300pa)keHHS
Oyab-IKUM YHHOM BILTHBAE [6]—[8] HA CIPUIAHATTS 00'e-
KTiB B TEIJIOBI3iHHUX MPUCTPOsX. [lepen TUM K BUTIPO-
MIHIOBAaHHSI BiJl 00'€KTa JOCSTHE ONTHKH TEIUIOBI3IHHOTO
CEHCOopa, BOHO TIOBHHHO MPOUTH Yepe3 Oe3Tid MepemiKo/I,
SKi BKJIIOYAIOTh B cebe atMocdepHi (akTopu Taki sK:
Omajy 1 cTaH MOBITPS (BOJIOTICTH, TEMIIEPATypa), COHsI-
9Ha pafgianis romo. [Ipu ipoMy, IMOBIpHICTE BUSBICHHS
00’€exTa pu nanbHOCTI B 10 kM Moxe magatu Ha 30% [9],
110 TIOKa3y€, HACKUIBKH CHJIBHO HECTPHUATIUBI MOTOIHI
YMOBH BIUIMBAIOTh Ha PO3Ii3HABAHHS 1 IMiJKPECIIOIOTH
BaXKJTUBICTh iX BpaxyBaHHI.

KpiM moromHmx yMOB Ha HMOBIPHICTH BHUSBJICHHS
BIUIMBAIOTh Bi3yalbHi MEPEIIKOIU y BUTJISII CTOPOHHIX
00'exTiB, sIKI He MOTPeOYyIOTh posmizHaHHA. Lle moxe
OyTu HepiBHOMipHHU (DOH 31 3MIHHOIO sICKpaBicTIO abo
¢oH, MO CKIaTa€ThCS 3 TEOMETPUYHO CXOXKHX TpeaMe-
TiB. [[>koH Mas3 B cBoiif po6oTi [ 10] BUBIB KOPEJISLIiI0 MiX
3amymiieHuM ¢oHoM B Y cmekTpi i CKIIagHICTIO BHSB-
nenHs uini. [1pu HepiBHOMiIpHOMY (DOHI KIIBKICTB Map Ji-
Hilt Ha po3mip 00’ekty B IU miama3oHi Moxe 301TbITyBa-
Tucs 3 1,3 10 2,5 1 BIANOBIIHO [T HOTO PO3Mi3HABAHHS
3HaZOOUTHCS OibIa po3aiIbHA 3aTHICTb.

IMTpu npoexryBanni OEC Takoxx BapTO BpaxoByBaTu
mapameTp BigHomeHHs curHan/mryM (SNR). B mitepartypi
[9], [11], [12] ueit hakTOp PO3MIIAAAIOTE PA30M 3 PO3MHUT-
TSM 300pa’keHHsI, TaK SIK BiH aHAJIOTIYHUM YHHOM BILIH-
Bae Ha Horo posmisHaBaHHi. Ha cboronmHimHiili AeHB
HaBiTh cydacHi OEC cxXumbHi 0 BTpaTH pi3KocTi 300pa-
xeHHs. el mapaMeTp BU3HAYAETHCSA 3a JOTIOMOTO0 (y-
HKIIEIO Tepenadi MOy JIIi].

®dakTopoM BIUTMBY IpW BUsBIEHHI 1y Ha [Y 300pa-
KCHHI BaJIMBY POJb Bimirpae cama mimb. HeoOximHO
BpaxoBYBaTH I r€OMETPUYHI PO3MIpH, 30KpeMa BiJHO-
IIEHHS BUCOTH 00'€KTa 10 HOTO MIMPUHH, & TAKOXK OPi€H-
Tauio B npocropi. [IpoBeseHi ociikeH s, B IKUX IIPO-
aHaTI30BaHO BIUIMB Opi€HTAIlii TaHKa HA WOTO BHUSIB-
JIEHHS, BKa3aJd, 110 WMOBIPHICTh BUSABICHHS IIiJi 300Ky
Buie Ha 30%, HiX cnepeny [13], a inenTHdikaris JiTa-
JILHUX arapariB, B 3aJIEKHOCTI Bl KyTa CIIOCTEPEKESHH,
MoO3Ke BapitoBaTucs 10 60% [14].

OKpiM reOMETPUYHUX XapaKTEPUCTUK 00’ €KTY 1 Horo
opi€HTallil, 3HAYHUH CTYIiHb B pO3Mi3HaBaHHI Ma€ CIpo-
MOXKHICTh BU3HAYEHHS BiJIMIHHHX O3HAaK, OCOOJIMBO MPHU
3axOIUICHHI Hijei. BinMiHHI 03HAKU B JaHOMY BHIIQAKY
BapTo MpUHMATH 3a yHIKaJIbHI BIACTUBOCTI 00'€KTy 1 HE
BpaxOBYBAaTH 3arajibHi O3HaKH Kjlacy. UuM MeHIIe i1eH-
TU(IKaUiHHUX 3HAKIB Y LiJi, TUM CKJIaHilIe i BUSBUTH.

®
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HaBegneHi BuIlle YMHHUKM € OCHOBHHMH CEpell THX,
10 BIUIMBAIOTh HA OIIHKY BUSBIICHHS O0'€KTIB B peajb-
HHUX YMOBax, TOMY IX BpaxyBaHHs € 00OOB’SI3KOBUM JUIS
ctBopenHs sikicHoi OEC. I1lo6 BpaxyBaTH 3a3HadeHi
(dakTopu IS OIIHIOBAHHS SIKOCTI ONTHYHHUX CHCTEM
OyJIM 3aIIPOTIOHOBAH] MOJIEJ, PO3TIITHYTI HIKYE.

V.  MOJEJI AJ1s1 OUIHIOBAHHS SIKOCTI ONTHUKO-EJIE-
KTPOHHUX CUCTEM

Jlst BpaxyBaHHs BUINE3a3HAUYCHUX (HaKTOPiB, KpUTE-
piit IrxoHCcOHa PO3IIMPIOBABCS 1 BBOAWJIM HOBI ITOKa3-
Huku. [ToyaTkoBe plBHHHHH (1), sxe onucye I/IMOBlpHICTL
BUSBJICHHS I[UTi i HAa SKOMY O0a3yIOThCs OUTBIN TOYHI
cydacHi MoJieni, Oymo 3anpornoHoBaHo B 1974 porii []xo-
HoM JIxoHCcoHOM 1 Yonrepom Jloycom [9]. Lls monmens
OHiHIOBaHHS[ Ma€ BUTIIAL:

P(t)= P, [1—e(—”fmv) } (1)
P - (N/ Nsg)*
1+ (N / Nsy)E

E=2,7+0,7(N/(N50)D),

ne P(f) — WMOBIPHICTh BUSIBICHHA Yy BH3HAYCHUH

MOMEHT d4acy t; Poo — WMOBIPHICTH 3a Bech 4ac,
E — macmitaboBaHe 3HAYCHHs, 3HAi/ICHE B Pe3yJbTaTi
eKCIIEpUMEHTIB; N — YMCIIO IEepioJiB MITPUXOBHX Nap
JiHIH, $KI 3allOBHIOIOTH CIIOCTEPEXKYBaHMH 00 €KT;
N5, — 4ncno mepiofiB Ansd HMOBIPHOCTI BHSIBIEHHS
B 50%; t — MOMEHT yacy B CEKYHJAX; Ty — CEpeaHiit
4ac MOMIyKy ITi B CeKyHIaXx.

Monens Target Task Performance (TTP) € nockona-
JIIIOI0 1 BpaxoBy€e OiIBIIICTh 30BHIMIHIX (aKTOpiB —
XapaKTEePUCTUKHY 1111, il Opi€HTAlliI0 B IPOCTOPI, a TAKOXK
napamerp SNR i po3MHTTs 300paskeHHsT 3 HEPIBHOMIp-
HUM QoHoM. Takuit mixxin (2) 3abe3nedye OIIBII TOUHI
naHi 1y po3paxyHky mapametrpis OEC [15]:

E
[ N, resolved J
Ve
P=— R
1+ ( Nresolved ]
Vs0
Aror TTP
Range
1/2
§cut CTGT
rrp= [ |1 | q¢

glaw CTFSyS (5)

2 2
\ Afligs + 0ot

2/”5‘6‘6’16

2

N,

resolved =

Crer =

resolved

E=1,51+0,24 Yresobved
Vso

e P — WMOBIPHICTh BUSBICHHS ITi; N, — YHUCJIIO

resolved
MIepioJIiB MTPUXOBUX Map JIiHIH, SKi 3aTIOBHIOIOTH CIIOC-
TepexyBaHUil 00'ekt; TTP — 3HA4YCHHS HEOOXiTHE IJIs

BH3HAYEHHS SIKOCTI 300pakKeHHSI i MPOTHO3YBAHHS JalTb-
HocTi BusiBleHHs; Crgr — 3HAUCHHS KOHTpAcTy L Ha
¢oni; E — macmraboBane 3HaueHHs kputepito TTP;
Vsy — uucno mepiofiB Ois WMOBIPHOCTI BHSBIICHHS
B 50%; Argp — KBajapaTHuil KOpiHb LiIbOBOI 007aCTi
y MeTpax; Range — JaJbHICTH IIO0 LI B KiTOMETpax;
&.,; — HallBUINIA PO3MiNbHA 3[ATHICTB, sKa MOXe OyTH
JOCSITHYTa HPH 3aJaHOMYy KoHTpacti; &, — HallHMKYa
pO3IiIbHA 3/1aTHICTH, SIKAa MOXKE OYTH JOCATHYTa IIpH
3a71aHoMy KoHTpacTi (3assudaii 0); CTF), (&) — kontpa-

CTHa moporosa (byHKHiH CUCTCMU, Mtgt — CEepeAHA 3aJaHa

Temneparypa uiii B °K; 6,5, — CTaHAAPTHE BIAXHICHHS

3azaHoi TemnepaTypu B °K; Hgepne
B K.

— TemrepaTtypa GoHy

it po3paxyHKy BILTHBY TIOTO/IHHX YMOB BHKOPHCTO-
BYIOTh NPOrpaMHi MaKeTH 100 3MOJETI0BATH aTMOC(be-
PHI YMHHHUKH 3a JOIIOMOTOI0 KOMIT'IOTEPHOI CHUMYJISIII.
basu nannx moxeneit LOWTRAN i MODTRAN npopo-
BXKYIOTh HaIllOBHIOBATHCH CBIXKOIO iH(POPMAILIIEIO MPOTS-
TOM KUIBKOX MIECSTKIB POKIB 1 3apa3 BOHM JOCTYIIHI
y BHUIJISAAI MOXYJiB i makeriB mns Python Ta MATLAB®
[16]-[19].

BUCHOBKU

B poboTi mpoanHanmizoBaHO UYWHHUKH, SKI MOXYTh
BIUIMBATH Ha BiJICTaHb POOOTH Ta 3JATHICTH BHSBISTH
o00'extu B TeruioBiziiinunx OEC. BeTanosineno, 1o Haioi-
JBIIMHA HEraTHMBHUI BHECOK MaroTh (DAKTOpU IOTOAH
1 aTMoc¢epHi YMHHUKH, HEpiBHOMIpHHHA (OH B CIleHi,
po3MuUTTSl abo po3(OKyCyBaHHS 300pa’KeHHS, a TaKOX
XapaKTepUCTHKH caMoi I — i1 po3mipu 1 opieHTamis
B npOCTopi PosrsinyTo Moneni Ta nporpaMHi TAKEeTH,
SIKI JTO3BOJISIIOTh BH3HAYUTH peanLHl XapaKTepUCTUKU
PO3pOOIIOBATIBHOTO TIPUCTPOIO 1 BUSIBUTH CJIAOKY JTaHKY
pUIaLy.
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Abstract—According to present knowledge thermal imaging electro-optical surveillance systems with object detection
are widely used in various fields of human activity. Thermal imagers use infrared radiation emitted by objects and people,
so it makes possible to take a sight in complete darkness and miscellaneous weather conditions. Typical applications of this
technology are security and surveillance systems, along with autonomous navigation industries in aircraft and ground vehi-
cle. The aim of the work is to determine the necessary condition for an accurate parameter estimation of the electro-optical
systems allowing for adverse externalities.

First of all, the various infrared spectrum ranges will be considered and corresponding wavelengths will be pointed for
each of the following. Thermal imaging cameras are capable of receiving emission from an object in the infrared spectral
ranges, which have an atmospheric transparency window, i.e. MWIR and LWIR.

Then the structural diagram of the phased generation process of infrared images in thermal imaging systems will be
discussed. It appears that, the image formation chain includes such components as irradiation source, optics, imaging sensor,
read-out electronics, processing electronics, compression and transmission of data, decoding, search & track engine, display
and finally human observer.

The next chapter will describe the probability method of detecting objects based on the effective resolution of the de-
picted object. There will be resulted the table of visual perception levels, namely orientation, recognition, identification. And
relative levels of perception will be provided the corresponding resolution of the image.

The next section will analyze the factors affecting the objects identification. Before the radiation from the object reaches
the thermal imaging sensor optics, it must go through many obstacles, which include atmospheric factors such as precipita-
tion and air condition (humidity, temperature), solar radiation, etc. Various equations and models will be carried out to take
into account the above factors. For example, Johnson's criterion, and a more advanced Target Task Performance recogni-
tion model.

This paper considers the main criteria for detecting objects using electro-optical systems in the infrared range. The
robust analysis of literature sources will be conduct and describe the basics of visualization and the infrared imaging in
thermal systems. Then Johnson criteria, which is considering for calculating the efficiency of electro-optical systems, will be
evaluated for validity using in real-world environment. Also, it will be pointed out, that the greatest negative contribution
on visualization is made by weather and atmospheric conditions, clutter effects and density, motion-blur and defocusing,
along with target properties — aspect ratio and viewing angle. Finally, it will be suggested prediction models and software
packages that will help determine the real characteristics of the elaborate device and identify the weak link of the system.

Keywords — surveillance systems; thermal imaging; infrared image; object detection.
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