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JTOCJIIIKEHHA E@EKTUBHOCTI JIBOKAHAJIBHOI
OIITUKO-EJEKTPOHHOI CUCTEMM CIHOCTEPEXXEHHS
3 HEHPOMEPEKEBUM KOMILIEKCYBAHHAM IHOOPMAIIII

Cmammsa npucesiueHa 0ocaidxceHHIO epeKmueHocmi  0BOKAHA/NbHOI  ONMUKO-e/1eKMPOHHOI  cucmemu
cnocmepediceHHs1 y ckaadi meaegisiiiHo2o ma men/0gisiliHo2o KaHaaie npu KOMn/AekcyeaHHi iHgopmayii yux kauasnis 3a
donomozoto HelipoHHUX Mepedic. Yeaza 30cepediceHa Ha oyiHYl limosipHOCcMI 8Usi8/1€HHS, po3ni3Ha8aHHs ma ideHmudikayii
06’ekma makow cucmemow. Pesyabmamu docaidxiceHb nokazyome, WO KOMN/AEKCY8aHHs 00380/5€ nidsuwumu
limosipHicHi xapakmepucmuku cucmemu maiixce Ha 6% 3a cnpusIMAUBUX NO200HUX YMO8.

Katouosi cn08a: onmuko-eneKmpoHHA cucmema cnocmepexiceHHs, KOMNAeKCy8aHHs, HelipOHHI Mepexci
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PERFORMANCE EVALUATION OF DUAL CHANNEL OPTOELECTRONIC SURVEILLANCE SYSTEM WITH
NEURAL NETWORK INFORMATION FUSION

Optoelectronic surveillance systems are widely used in many areas of human activity: in agriculture, medicine, military systems, in
search and rescue operations. These systems are designed for space, airborne, ground and maritime applications. They have to work under
all climate conditions with absolute certainty under all light and weather conditions. And on the other hand, they have to be cost effective.
That’s why optoelectronic surveillance systems use channels which provide complimentary information about the object and background.
And for the most applications channels that operate in visible and thermal ranges of optical spectrum are indispensable element of such
systems. Optoelectronic surveillance systems have to continuously meet and even exceed today’s performance and reliability requirements.
That’s why there is a need to use not only cutting-age technology, but also adaptive signal processing. Information fusion is state-of-the-art
technic to improve overall system performance. Numerous image fusion methods have been proposed during several decades but the most
promising are neural networks.

Television system, which work in visible range of optical spectrum, and thermal system, which work in long-wave infrared range
where chosen for the modeling. Probability of target detection, recognition and identification was used for performance evaluation.
Probability of target detection, recognition and identification for separate long-wave infrared and television channels were modeled. Also,
probabilities were estimated for the fused data. Information fusion was done with the help of convolutional neural networks. Simulation
results showed that probability of target detection, recognition and identification are almost for 6% higher for fused data compared to
separate channels.

Keywords: optoelectronic surveillance system, fusion, neural network

IHocTaHoBKa MpPo0JieMH y 3arajibHOMY BUIJISAI
Ta 1i 3B°5130K i3 Ba)KIMBUMM HAYKOBHMH 4M NPAKTUYHUMM 3aBJaHHIMH

Ha cporogninHiii AeHb ONTHKO-eJeKTpoHHI cuctemu croctepexxeHHs: (OECC) craioTh HeBij €MHOIO
YaCTMHOI0 B 0aratbox cdepax >KUTTENISUIBHOCTI JIIOAMHH. BOHM MICTATH B CBOEMY CKJIAJl pi3HI KaHaid B
3aJIeKHOCTI BiJl BUPINIYBaHOI 3a/1adi, ajie UIs OUTBIIOCTI CHCTEM XapaKTepHa KOMOiHAIlis TeJleBi3iiiHOTO (peecTpye
iHpOpMaIiF0 Y BHAUMOMY Jiala30Hi €JIEKTPOMATHITHHX XBHIb) Ta TEIDIOBI3iiHOTO (peecTpye iH(opMaliio B
JarlekoMy iH(ppadepBOHOMY Jiama3oHi eNeKTpOMarHiTHUX XBIIb) kKaHatiB. OECC mupoko npencTaBieHi Ha pUHKY.
Ale yMOBHM CBOTOJICHHS BHMararmoTh Bce HoBoro yamockoHaieHHs OECC 1 He smme 3a paxyHOK
MOKpAIIeHHs. eJIEeMEHTHOI 0a3M, BJOCKOHAJICHHS CXEMO-TEXHIYHHX pillleHb, ajlleé i 3a PaxyHOK BUKOPHCTaHHS
HepesioBUX MeTOoAIB 00poOkM curHaimiB. OJHMM 3 TakMX Cy4aCHHX METOJIIB € KOMIUIEKCYBaHHS iH(poOpMaii,
orpumManoi B pizHux kanainax OECC. B maniit cTarTi nmponoHyeThcst 00’ €qHATH iHGOPMATHBHICTH TENIEBi3IHHOTO Ta
teroBiziitHoro kananmie OECC 3a J0MOMOTOI0 3TOPTKOBHX HEHUPOHHHX MEpPEX 3 TMOAAIBIIOK OI[iHKOIO

edpextuBHOCTI oKpeMux kaHainiB OECC Ta cucTeMu 3 KOMIUIEKCYBAaHHSAM BIIUIOMY.

AHaJi3 10caigKeHb Ta myOaikauin
B poGori [1] posrisiHyTo METOAM KOMIUIEKCYBaHHS 300pakeHb Ha PIiBHI MIKCENIB i3 3aCTOCYBaHHSIM
HeHpOHHKX Mepex. B po6oTi [2] po3ristHyTo MeTo1i KOMILIEKCYBAHHS BUIUMHUX Ta iHPpPauepBOHNX 300pakeHb.

®opMyTI0BaHHS Winel cTaTTi
Mertoro poboTtu € nocmimkeHHs epexTuBHOCTI ABokaHanbHOI OECC mpm xoMIutekcyBaHHI iH(opMaIii,
OTpHMaHO{ B TENEBi3ifHOMY Ta TEIUIOBI3iHHOMY KaHajax. 3a KpHUTepid AKOCTi 0OpaHO HMOBIPHICTH BHSIBIICHHS,
po3mi3HaBaHHA Ta imeHTHdIKaMi] 00’ eKTa.
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Bukaan ocHoBHOro MaTtepiany
Sk Bimomo, TeneBi3iiiHMKA KaHanm Hajae iHdopmanilo Npo (HOHOBO-LITBOBY OOCTAHOBKY 3 BHCOKHUM
MPOCTOPOBUM PO3AUICHHSM, al¢ € Hag3BUYaiHO YyTJIMBHM [0 TMOTOJHAX YMOB Ta pIBHSI OCBITJICHHS;
iHppadepBOHMIT ke miama3oH (iKcye BIAcCHE TEIJIOBE BHIPOMIHIOBAaHHS O0’€KTIB HE3aJle)KHO BT yMOB
¢yHKIiIOHYBaHHA. A, oTKe, 00’emHaHHA iH(OpMAaIil mUX MBOX KaHAJIB 3a0e3medye OUIbII AOCTOBIPHY KapTHHY
(hOHOBO-TIITEOBOT OOCTAHOBKH, B TOMY YHCII IMiABHUIIYE CTIHKICTh IO IITYYHUX 3aBa]] Ta MAaCKyBaHb.
IMOBIpHICTE BUSABIICHHSI, pO3ITi3HABAHH Ta ieHTH(DiKAaMii 06’ ekTa 3HaimeMo 3a Gopmyroro [3, 4]:

v(R))
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Vo(3)
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JA,TTP
(R) = OT — YHUCJIO Map IITPHXIB, IO PO3MILIYIOTHCS HA 00°€KTi; V50 — YUCIO ITPHXIB, IO
PO3IINAIOTECS, HEoOXigHMX A 3abe3nedeHHsS 50 % HWMOBIPHOCTI MPaBHIBHOTO PIIIEHHS 3aJIEKHO Bif 3MICTy
sagaui; E=1,51+0,24[V(R)/Vs0(3)] — emmipu4HO BU3HAYEHA KOHCTAHTA, IO 3aJ€KHUTh Bijl CIIEKTPAIBHOTO iala30Hy
ta BigHomenHs V(R)/Vso; TTP — mokasHUK yCHIIIHOCTI BUKOHAHHS 3ajad4i; Ag — mioma 00’ekra; R — Bifcrans Bin
00’exra 1o OECC.
3rigao 3 ¢dopmymoro (1) imoBipuicHi xapakrepuctukn OECC 3amexarb Bifi TOKa3HWKa YCHIIIHOCTI
BUKOHAHHS 3aj[ayi, SIKHUI OI[IHIOE SKICTh 300pa)KCHHS HAa MOHITOPI 1 BU3HAYAETHCA (DYHKIIIEIO Mepeaadi KOHTpacTy
cUcTeMH Ta KOHTpacToM oO’exkta Ha jucruiei. [l 3HaxomkeHHs (QyHKuii mepemadi KOHTpPAacTy CHCTEMH
BHKOPHCTAEMO TEOPIO JiHIHHUX CHCTEM, a OTXKE 1 MOLYJIALIHHY MepenaBanbHy QyHkiio koxuol sanka OECC [5].
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Puc. 1. IMoBipHicTh BUSIBJIEHHS, PO3NIi3HABAHHS Ta ieHTH(iKaNl 06’ €KTa: a) — 115 TeJIeBi3iliHOro KaHaiy;
0) — nuis TenioBi3iliHoro kanasy; B) — st OECC 3 koMILIEKCYBaHHAM
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KomrmnekcyBanHs iH(popMalii TeneBi3iiHOToO Ta TEIUIOBI3IHOrO KaHaiB 3[IMCHIOEMO B JICKUIbKA €TaIiB.
Crepury 3HaX0JUMO yHIiKaJIbHY iHPOpPMALiIO I KOXKHOTO KaHaIy 3a AOMOMOrow HeiiponHoi mepexi VGG-19 [6],
Iicis 4oro 6yayeMo KapTy iH(GOPMAaTHBHOCTI BUKOPUCTOBYIOUM meperBopenns Softmax [7]. Ha ocHoBsi orpumanoi
KapTd iHPOPMATUBHOCTI 3MIHCHIOEMO BJIACHE KOMIUICKCYBaHHS.

A s BU3HAa4YCHHS €(peKTUBHOCTI CHCTEMH 3 KOMIUIEKCYBaHHSIM iH(OpMAIli CKOPHCTAEMOCH METOTUKOIO,
3alpONIOHOBAHOIO B [4].

Jlnst MoierTioBaHHs 00’ €kTa cKopuctaemMoch cranmaptom HATO 4347 [8], 3rigHO 3 SIKHM TecT-00’€KTOM €
AUT, mo mae posmip 2,3%2,3 M? 3 Temnepatypaum kontpactom AT=2K Ha doni Temneparyporo Tp=288K.

Buxonsun 3 TEXHIYHMX Ta Maco-rabapUTHHX MIpKyBaHb OOMpaeMO Ul TEIUIOBI3IMHOIO KaHally Kamepy
TAU 2 [9], a ans renesiziiiHoro kanany — Blackfly S [10] 3 ontuusnoro cucremoro dipmu Edmund Optics (68215).
OCHOBHI TeXHIYHI XapaKTEPUCTHKH HABEACHO B TaOmui 1.

Tabuus 1
TexHiuHi XapaKTepUCTHKHU KaMep TeeBi3iiiHoro Ta TemnoBisiiiHoro kanaiis

Blackfly S TAU 2
Po3mip mikcens, MKM? 6,9x6,9 17x17
Po6ounii ciekTpanpHuil 1iana3oH, MKM 0,42-0,76 7,5-13,5
Dopmar 720x540 640x512
ExBiBasieHTHa IIyMy pi3HHIIA R 30
Temneparyp, MK
DoKycHa BiaCTaHb, MM 8,5 13
BinHocHuit 0TBIp fl1.4 /1.0

Pe3ysnpraTu po3paxyHKiB moka3aHo Ha puc. 1.

BucHOBKM 3 1aHOT0 AOCJiJ;KeHHS i NepCcneKTHBHU NOAAJBIIMX PO3BIIOK Y JaHOMY HANPSAMI
Pesymprati MOJeNmOBaHb MOKAa3ylOTh, IO KOMIUICKCYBaHHS iH(OpMAIlii 3 BHKOPHCTAaHHIM HEHPOHHHUX
MepexX TO3BOJIAE IMIABUIIUTH WMOBIPHICTH BHSABICHHSA, PO3IMi3HABAHHA Ta iACHTH(]IKAIil 00’€kTa IBOKAaHAIHHOIO
OECC 3a cripusTINBHX IIOTOJIHUX YMOB Maiixke Ha 6%.
[omampmm gocmimkeHHs OyAyTh MPUCBIYCHI BU3HAUYCHHIO e(heKTUBHOCTI poboTn OararokaHamsHIX OECC
TIPY BUKOPUCTAaHHI HEHPOHHUX MEPEeXk ISl KOMIUIEKCYBaHHS iH(opMaIlii, oTpuMaHoi B ii KaHaIaX.
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