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Pa3pa60TKa METOA0B U PACYECTHOI'O HHCTPYMEHTApUs 51 00bLeKTHUBHOM OICHKH
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Development of methods and design tools for an objective assessment of the
spatial and energy resolution of the space Earth remote sensing infrared cameras
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(yxp.)

CTBOpPEHO HOBI PO3PAXYHKOBI METOIU 00’ €KTUBHOI OIIHKHA MPOCTOPOBOTO 1 EHEPTETUYHOTO
po3nuieHHs H(ppauyepBOHUX NIEpPeIaBATBLHIX KaMep KOCMIYHOTO 6a3yBaHHsS Ha 0a3i po3poOieHol
(b13MKO-MaTeMaTUYHOT MOJEJ ONTHUKO-EIEKTPOHHOI cucTeMu (OpMyBaHHS 1 MEpPETBOPEHHS
CUTHAJIB BiJ] Ha3eMHHUX 00’€KTIB 1 ()OHIB 10 KIHIEBOTO 1H(MOPMAI[IITHOTO MakeTy TerIoBi31HHOT
cucremMu. Ha 0CHOBI 3aliponOHOBaHUX METOMIB NMPOTHO3YBaHHS €(EKTUBHOCTI (DYHKIIOHYBAHHS
KOCMIYHHX 1H(pauepBOHUX MepelaBaIbHUX KaMep po3po0IeHO JABa HOBUX METOIU Y3TOHKEHHS
pazaiyca KpyXKa po3CitoBaHHsI 00'€KTHBa 1 pO3MIpy MiKcesla MIKpOOOJIOMETPUYHOT MaTPHIIl, 110
J03BOJISIE 30UTHIIATA WMOBIPHICTH TPABUIILHOTO BHSBICHHA HazeMHUX 00’ekTiB 10 10%.
Po3po6neno meron cyOmikcenbHOI 0OpoOKHM 300pa)keHbh B KOCMIYHHMX TEIIOBI3OpaX, SKUN
JI03BOJISIE TABUIIUTH MPOCTOPOBY PO3NUIBHY 31aTHICTB 710 50%.

Pesynbratu po6OTH BIPOBAPKEHO B HAaBYAIBHUUN MPOIIEC y BUIJIAII HOBOI JIEKIIIi HA TEMY
«Omiaka fgKOCTI  1H(pPAYepBOHMX CHUCTEM CIIOCTEPEKEHHsS» (HaBUajdbHA JUCIMILIIHA
«IIpoektyBaHHs iH()paYEepPBOHUX CEHCOPIB») Ta J1abopaTopHOi poboTn Ha TeMy «OIliHKa BILUTUBY
JTUCKpETHU3aIlil Ha TEIIOBI3iifHEe 300payKeHHs» (HaBYaJIbHA NUCHUIUIIHA «TeroBi3iitHI ONTHKO-
€JICKTPOHHI pr1aan»). Takoxk 3a pesynbratamu HJIP BrockoHaneHi HaBYalbHI JICKI[IIHI KypCH
«ONTHKO-EIEKTPOHHI CHCTEMH CIIOCTEPEeKEeHHs», «KOocMiuHI 1 aBialiiHi ONTHKO-EJIEKTPOHHI
TIPUIIALII.

3axuILeHO OJIHY JOKTOPCHKY JMCEepTaIlilo Ta TpU KaHAUAATChKi qucepraiii. [linroToneHo
0 3aXUCTy TPU KaHaAumarchki aumcepranii. OTpumaHo Tpu mnareHTd. OmyOaikoBaHO MBI
MoHorpadii. OmybnikoBano 19 crareit (3 Hux 16 B )KypHanax, M0 BXOAATh 0 HAYKOMETPUYHUX
0a3 JaHUX), B TOMY 4MCii — 6 32 y4acTIO CTYJEHTIB; onmyOnikoBaHo 14 momoBineit Ha 6 HAyKOBO-
TexHIUHUX KoHpepeHuisax. OnyOmikoBaHO OauH HiApy4yHUK 3 rpudom MOH VYkpainu Ta onux
HaByanbHU nocibHuk 3 rpudom HTYY «KIIl», 3axumieHo 5 marictepchkux auceprainiii ta 4
JTUTUIOMHI POEKTH CIICIaIicTa.

(poc.)
CO3,[[21HLI HOBBIC PACUCTHBIC MECTObL 00BCKTHBHOU OICHKU MPOCTPAaHCTBCHHOI'0O H

SHEPIreTUYECKOTO pa3pelieHust HH(PaKpacHbBIX MepeAatoINX KaMep KOCMUUECKOro 0a3supoBaHMs
Ha Oa3e pa3paboTaHHON (PU3MKO-MAaTEMAaTHUECKOM MOJENN ONTHUKO-3JIEKTPOHHON CHUCTEMBI
¢dopmupoBaHusa M NpeoOpa30BaHKs CUTHAIOB OT HAa3€MHBIX OOBEKTOB M (DOHOB JI0O KOHEYHOTO
MH(GOPMAIMOHHOTO TaKeTa TEIUIOBU3MOHHOW cucTeMbl. Ha OCHOBE Npeio’KeHHBIX METOJ0B
IPOrHO3UpOBaHUsT  3PGEKTUBHOCTH  (PYHKIMOHUPOBAHHMS  KOCMHUYECKHMX  HH(PAKpPaCHBIX
NepefaonuX Kamep pa3paboTaHbl JBa HOBBIX METOJA COIJIACOBAHUS paauyca KpyxkKa
paccessHUSI OOBEKTHBA U pazMepa MHUKceda MUKPOOOJIOMETPHUUECKOW MaTpHIbI, YTO MO3BOJISET
YBEJIMUUTh BEPOATHOCTH MPABUILHOTO OOHAPYKEHUSI Ha3eMHBIX 00BbeKTOB 110 10%. Pa3zpaboran
METOJI CyONmUKCeNbHON 00paboTKM M300paXeHUl B KOCMUYECKHUX TEIUIOBH30paX, KOTOPBIH
MIO3BOJISIET MIOBBICUTh IIPOCTPAHCTBEHHOE paspelieHue 70 50%.
PesynbraThl paboThl BHEAPEHBI B Y4eOHBIM IpoliecCc B BUAE HOBOW JIEKIMH Ha TeMy «OIeHKa



KadecTBa MH(QpaKpacHbIX cucTeM HaOmromeHus» (yueOHas nucummnHa «lIpoextupoBanue
MHOpPAaKpacHbIX CEHCOpPOB») W JabopaTopHoil paboTel Ha Temy «OlLeHKa BIMSHUS
JMCKPETH3alMK Ha TEIIOBU3MOHHOE M300paxkeHue» (yueOHas aucuuiuivHa «TermmoBU3nOHHBIE
OIITUKO-3JIEKTPOHHBIE TPUOOPHI »). Tarke mo pesyiapraram HUP ycoBepieHcTBOBaHbI yueOHbBIE
JEKIIMOHHBIE KypCchl «OINTHKO-3JIEKTPOHHBIE CHCTEMbl HabmromeHus», «Kocmuueckue wu
aBUAIIMOHHBIE ONTUKO-3JICKTPOHHBIE TPUOOPHI».

3amuuieHa oJHa JOKTOpCKas AuccepTalys U TpH KaHIUAATCKUX AUCCEPTALUH.
[ToaroToBieHs! K 3alUTe TPU KaHAUATCKUE auccepTauuu. [loyueHsl Tpu nateHTa.
Ony6nukoBano aBe MoHoTpaduu. OmybnukoBansl 19 crareit (13 HUX 16 B )KypHaIax, BXOAAIINX
B HayKOMETpUYECKHE 0a3bl JaHHBIX), B TOM YHCIIE - 6 C yJaCTHEM CTYAEHTOB; OIIyOJMKOBaHbI 14
JOKJIA/I0B Ha 6 HAyYHO-TEXHUUYECKHX KOHpepeHImsax. OnyOoauKoBaH oAuH y4eOHUK ¢ Tprdom
MOH VYxpaunst u oHO ydeOHOe ocodue ¢ rpudom HTYY «KIIN», 3amumens: 5
MarucTepcKux JuccepTauuil u 4 JUIIOMHBIX MPOEKTa CIIEUAIUCTA.

(anrJ.)

There were created new computational methods of objective assessment of the spatial and
energy resolution of space-based infrared cameras on the basis of physical and mathematical
model of electro-optical system for forming and converting signals from terrestrial objects and
backgrounds to the final information package of thermal imaging system. On the basis of the
proposed methods for predicting the effectiveness of the functioning of the space infrared
cameras transmitting were developed two new methods of matching the radius of the circle of
confusion of the lens and the size of the microbolometer matrix pixel, thus increasing the
probability of correct detection of ground targets to 10%. A method for sub-pixel image
processing in space imagers, which can improve the spatial resolution of up to 50%.

The results were introduced in the educational process in the form of a new lecture on the
topic "Evaluation of the quality of infrared surveillance systems" (academic discipline "Infrared
Sensors Design") and laboratory work on the theme "Assessing the impact of digitization on the
thermal image" (a subject matter "Thermal Imaging Opto-electronic Devices"). Also, the results
of research were used to improve the training lectures "Optoelectronic surveillance system",
"Space and aviation optoelectronic devices."

As the results of the project there were fulfiled one doctoral dissertation and three PhD
theses. There were prepared three PhD theses, obtained three patents, published two
monographs, published 19 articles (16 of them in journals included in scientometric databases),
including - 6 with the participation of students; published 14 reports on 6 scientific and technical
conferences, published one book labeled with MES of Ukraine and one textbook stamped NTU
"KPI", Master's theses were protected by 5 and 4 diploma project specialist.

4. HasiBHiCTh OXOPOHHMX JOKYMEHTIB Ha 00’€KTH NPAaBa iHTEJIEKTYaJIbHOI BJACHOCTI

- [latent Ykpainu Ha xopucny moaens Ne109181, MKB GO1C 3/08. Cnoci6 nigBUIIEHHS
MIPOCTOPOBOI PO3PIZHEHHOCTI MPU JUCTAHINMHIN 3HOMIII 3 BUKOPUCTaHHSIM CYOMIKCETbHOT
peecTpairii 300pakeHb Ta MpUCTpii 11 Horo 3aiicHenHs/ Jluxonit M.U., Jlaneko B.I1., ITonos
M.O., CrankeBuu C.A., Tsaryp B.M., Xaputonenko K.B. — Ony6:x. B bron. Nel4, 2015.

- Ilarent VYkpainm Ha kopucHy Mozenb Nel01014. Ilpuctpiit 1 KOHTpOJIIO Ta
BHUMIPIOBAHHSI CHEKTPAJIbHUX XapakTepUCTUK cBiTioBoAiB. Kyuepenko O.K., Kyuepenko B.A.
bron. Nel6. 25.08.2015.

- Ilarent VYkpainm Ha kopucHy Mozenb 98462, MIIK GO01J1/04. Illupokosiana3oHHUHA
sckpaBoMip/ Mixeenko JI.A., Tkauenko B.A. 3asBHuk Ta mateHToBmacHHUK HTVYY «KIIDy». -
Nou201412784; 3asBn. 28.11.2014; omy6n. B brom. Ne§, 27.04.2015.

S. IlopiBHSIHHS 3i CBITOBUMH aHAJIOraMH

Pesynpratn po0OOTH  BIAMOBIZAIOTH CBITOBOMY DIBHIO. 3ampONOHOBaHUNA  METOJ
MIIBUIIIEHHS. TPOCTOPOBOTO PO3JAUICHHS B KOCMIYHOMY CKaHEpi 3a paxyHOK CYOIiKCEIbHOIO
3MIIIEHHS 3 HACTYITHOO 0OpPOOKOIO CHUTHAITY NEPEBUIIYE PIBEHb CBITOBUX aHAJIOTIB.

6. Exonomiuna npuBadnBicTh 11 NPOCYBAHHS HA PUHOK



Po3pobneni B pamkax HJ/IP meTomu BimHOCSTBCS 1O BUCOKOTEXHOJOTIUHOT Taiy3i, siKa
3abe3neuye HaWOUIBIIY MOJaHY BapTicTb. B pa3i BHKOpPUCTAaHHS pO3pOOOK B KOCMIYHHX
CKaHepax MOJXKHa OYIKyBaTH TIOKpAIIEHHS SKOCTI MOJICNIOBAHHS Ta IPOTHO3YBaHHS
e(EeKTUBHOCTI iX (YHKI[IOHYBaHHS, a TaKOXK CYTT€BOro — a0 50% - MiABUIIECHHS MPOCTOPOBOI
PO3AUIBHOT 37aTHOCTI. BripoBakeHHsI OTPUMAHUX PE3yJIbTATIB MOXKIMBE B HAHOMMKYI TEPMiHH
1 cropusTHMEe NiIBUIICHHIO KOHKYPEHTOCIIPOMOXKHOCTI BITYM3HSHHUX BHCOKOTEXHOJIOTTYHHUX
TOBApIB 1 MMOCIIYT.

7. IoTenuiiini kopucryBaui

Pesynmprat poOOTH TpU3HAYEHI UIS BUKOPUCTAHHS B Tally3l ONTHUKO-EIEKTPOHHOTO
npunanoOyayBaHHs. 3alponoOHOBaHA MaTeMaTHYHAa MOJAEIh 1 METOAM TPOTHO3YBAHHS
IOPOCTOPOBUX 1  EHEPreTMYHHX  XapakTePUCTHK  KOCMIYHMX  TEIUIOBI30pIB  MOXYTh
BUKOPUCTOBYBATUCh BITUM3HSHUMHU MIANPUEMCTBAMH, SIKI pO3pOOJISIOTE Ta BUTOTOBISAIOTH
ONTHUKO-EJIEKTPOHHI CUCTEMH CIIOCTEPEKEHHS IHPPauepBOHOTO Alana3oHy crekTpy, 3okpema KII
CIIb «Apcenan», AI1 HAI «KBaut» (M.Kuis), A1 HBK «®oTtonpunam (m.Uepkacu), a Takox
IHIIUMHU TPOPUIBHUMHU MIANPUEMCTBAMH. MeToa MiIBUIIEHHS MPOCTOPOBOrO PO3JAUICHHS 3a
paxyHOK CYOIIKCEJIbHOTO 3MIIIEHHS 3Haiiieé CBOE BUKOPUCTaHHA HIPU  CTBOPEHHI
MajorabapuTHUX KOCMIYHUX CKaHEpPIB 3 MiBULIEHOIO PO3UIbHOIO 3JaTHICTIO.

8. CTtaH roroBHOCTi po3po0KkH
Po3po6nieni po3paxyHKOBI METOAM Ta MaTEMaTHYHI MOJEN MArOTh BHTJISJ 3aBEpPIICHUX
PO3pO0OK 1 TOTOBI 10 BUKOPUCTAHHS y IPOEKTHUX POOOTaX.

9. IcHyoui pe3yJibTaTH BOPOBAIKEHHS

YacTkoBO pe3ynbTaTu poOOTH, a caMe - MaTeMaTUYHa MOJIeNIb CUCTEMH CIOCTEPEKEHHS 3
MaTpUYHUM TpuiiMadeM BunpoMiHioBanHa Bukopuctani B J[II HBK «®ortonpumamy
(m.Yepkacu) 3a koHTpakTOM Ned67/4 «TennoBi3iiHI CHCTEMH CTIOCTEPEKEHHSD.

Takos pe3ynabTaTi poOOTH BIPOBAIKEHO B HABUAJIBHUM IPOIIEC Y BUTJISAII HOBOI JIEKIII Ha
Temy «OriHKa $KOCTi IH(pPAYEpPBOHUX CHCTEM CIIOCTEPEKCHHs» (HaBYaJIbHA UCITUILIIHA
«IIpoektyBanHs iH()pauyepBOHUX CEHCOPIB») Ta JTabopaTopHOi po6oTH Ha TeMy «OIliHKa BILUIUBY
JTUCKpETHU3aIlil Ha TeIIOBI3iifHEe 300paKeHHs» (HaBYaJIbHA NUCHUILIIHA «TerToBi3iiiHI ONTHKO-
€JIEKTPOHHI priIaan»). Takoxk 3a pesynbratamu HJIP BrockoHaneH1 HaBYalbHI JICKI[IIHI KypCH
«ONTHKO-EIEKTPOHHI CHCTEMH CIIOCTEPEeKEeHHs», «KOocMiuHI 1 aBialliiHi ONTHKO-EJIEKTPOHHI
TIPUIIALII.

3axuIleHO OJIHY JOKTOPCHKY JUCEepTaIlilo Ta TPU KaHAUAATChKi qucepraiii. [liaroToneHo
JI0 3aXHCTy TPHU KaHAWAATCHKI Aucepraiii. OTpuMaHo TpU MaTeHTH YKpaiHu, omyOiikoBaHi JBi
MoHorpadii, omybiaikoBano 19 crareit (3 Hux 16 B )KypHanax, 110 BXOJAATH 10 HAYKOMETPUUHUX
0a3 JaHUX), B TOMY 4MCii — 6 32 y4acTIO CTYJeHTIB; onmyOnikoBaHo 14 momoBineit Ha 6 HAyKOBO-
TeXHIUHUX KoHpepeHuiax. OnyOmikoBaHo oauH minpy4yHuk 3 rpudom MOH VYkpainu ta oaun
HaByanbHU TociOHuK 3 rpudom HTYY «KIll», 3axumieni 5 MarictepcbKux aucepraiii ta 4
JTUTUUIOMHI POEKTH CIICIaIicTa.

10. ®opma yuacri iHBecTopa

BukoHaHuii NpOeKT peani3ye MeTOJOJIOTiuHI (PYHKIIi Mpolecy CTBOPEHHS KOCMIYHOT
BiJleoanapaTypy AUCTAHLIHHOTO 30HIyBaHHSA 3eMIIL Moro ekoHOMiUHA MOIUIBHICT TOJIATac B
IIPUCKOPEHH1 PO3PAaXyHKOBUX 1 MPOEKTHUX podiT Ha 5 — 10 % Ta MmiABMUIIEHHI MPOCTOPOBOTO
po3auteHHs cTBopeHoi amaparypu 10 50 %. OTke MOXJIIMBUM BapiaHTOM BHMKOPHCTaHHS
pe3yibTariB Oyae J0Jb0Ba Y4acTb B MpOIeci CTBOPEHHS amapaTypu 3 4yactkoio 5 — 10 % Bix
BapTOCTI MPOEKTHHUX POOIT.

11. OO0cHar inBecTHIin
BripoBakeHHs pe3ynbTaTiB MPOEKTY HE MOTPEOYIOTh JOJATKOBUX IHBECTHIIIMA

12. Merta inBecTHLINH
BripoBamkeHHs pe3ybTaTiB IPOEKTY He MOTPEOYIOTh JOJATKOBUX IHBECTUILIIN



13. Ha3sga minpo3sainy, Tesaedon, E-mail
HTVYY «KIl», npunanoOyaiBauii pakynbreT, kKadeapa ONTUYHAX Ta ONTHKO-
eJNIeKTpOHHUX npuiaaiB, 406-84-46, info@ooep.ntu-kpi.kiev.ua

14. Caaiin npe3enrauii
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Pucynoxk 1 - Haiinpocrtimuii BUMamok cyneppo3aivieHHs: (a) 300pakeHHS BHCOKOTO
posnuiensi; (b) - (€) 300pa)kKeHHsT HU3bKOTO PO3JAUICHHS, M0 CKJIAJAI0ThCSA 3 OJHOTO IIKCEIs,
KOYXHE 3 SIKUX OTPUMAHO MpHU CYOMIKCEIbHUX 3CYBaX KOCMIYHOTO TEIJIOBI30pa

o

Pucynoxk 2 — 3anpornoHoBaHuii METO/I MIIBUINEHHS PO3IUILHOT 3JaTHOCTI IIPH
cyOmnuKcenbHIi peectpaltii 300paxeHb
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