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Abstract

ESEIT / PRIP — Pattern recognition and image processing (OK28)

2021/2022, Sem. 2

Course Description

The subject of studying is the process of pattern recognition, that is, the automatic
detection of patterns in the data using computer algorithms and the application of these
patterns for the classification of data in different categories.

The purpose of course is the formation of the scientific and professional outlook of
the bachelor of specialty 121 — Software engineering in the field of image recognition and
related pre-processing of images.

The primary studying goals of the discipline:

1) Introduction to the current state and development trends of the problem of pattern
recognition.

2) Studying the varieties of computer algorithms designed to automatically detect pat-
terns in the data.

3) Acquisition of the principles of applying these laws for the classification of data by
different categories.

4) Practical mastering of the peculiarities and assimilation of the foundations of soft-
ware tools for image recognition.

Contents: creation of background models and foreground selection, selection and
classification of moving objects, object tracking algorithms, adaptive image recognition
systems, detection of abandoned objects, methods for detecting and recognizing faces,
detection of vehicles, methods for allocating and recognizing license plates, detecting
smoke and fire on video images, indexing video images and searching in digital libraries
and video data archives.
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1 Onuc HABYAJBLHOI IMCIUIIIIHYA

HajimenyBaHHA nOKa-
3HHUKIB

I'any3b 3HaHb, CHIENiAIb-
HICTh, piBeHb BHIIOI
OCBITH

XapakTepucTHKA HaB-
YaJIbHOI AUCHUIIIHA

neHHa ¢gopmMa HABYAHHS

["amy3b 3HaHB

Kimbkicts kpenutis — 3 | 12 Inpopmayiuini mexno- HopmartuBHa
J02il
MonymiB — 1 Pik miaroroBKu:
3MICTOBUX MOAIYJIIB — 2 4-i1
[HauBITya bHE HAY- : :
AUBIAYAT Y CremwanpHicTh: 121 — In-
KOBO-JIOCIHE 3a- :
JICeHepist NPOSPAMHO20 3a-
BJIAHHS — PO3PAXYH- Cemectp
: be3neuenns
KOoBO-TpadiuHa podoTa
3arasibHa KUJIbKICTb T'O-
i — 90 2-1
Jlexkmii
2,0 roz.
JlabopaTopHni
TwXHEBUX TOIUH: 1,0 rox.
aynutopanx — 3,0; . . Camocrtiiina po6orta
o e : PiBeHb BHUIIOT OCBITH:

CaMOCTIHHOI 1 1HIUBI1- . . 3,0 rox.

. nepwiuil (baxkaniaspcoKuil) . .
nyansHO1 pobotn 3BO InauBinyajabHi 3aBIaHHA:
-6,0 3,0 ron.

Bua konrpoutio:

3ajik

Ipumirka.

CriBBIJTHOIIEHHS KIIBKOCTI FOJIMH ayIMTOPHUX 3aHATH 10 CAMOCTINHOI 1 IHAMBIAYaJbHOT
po6otu ctanoBuTh 30:90=1:3.

3acTOCOBaHI CKOPOUEHHS:

3BO — 3100yBay BUIIOT OCBITH.

[TepemyMoBOIO [ BUBYEHHS TUCIMIUTIHYU € YCITIIITHE 3aCBOCHHS JUCIUTLIIH:

«Komm'toTepH1 YUCICHHS;

«JIromMHO-MaIMHHA B3a€EMO/TI5;

«IIporpamHo-anapatHi 3aco0u MEPCOHATBHUX KOMIT'IOTEPIBY;

«CucreMu MTYYHOTO THTEICKTY».

[Tonepenupo 3acBoeHi1 BUOIpKOBI auctumuiian «[{ndpoBa o6podka 306pakeHn» abo
«MeToam 006poOKku iH(DOpMAIIii B CUCTEMAaX BIJICOCIIOCTEPEIKEHHS» JTI03BOJISIIOTH PO3IIIH-
PUTH TEMATUKY PO3PaXyHKOBO-TpadiyHUX POOIT y MEBHUX MPEIMETHUX 001aCTsIX.

Jucnumuiina € 6a30B010 JJ11 BUBYEHHS TUCLMILUIIH OCBITHBOT porpaMu «lHxxeHepis
MIPOTPAMHOTO 3a0e3MedYeHHs» APYroro (MaricTepCchbKOro) piBHS BUIIOT OCBITH, & TAKOX



5

MO’K€ BUKOPHCTOBYBATHUCS M1l Yac MiArOTOBKM BHUITYCKHOI KBasliikamiiHoi podoTu Oa-
KaJIaBpa 3a BIAMOBIIHOIO TEMOIO.

2 Mera T2 3aBAaHHA HABYAJIBLHOI JUCHUILIIHHA

Mertoro BUKJIaJIJaHHs HABYAIBHOI TUCHMILTIHY “Po3niznasants oopaszie ma oopooxa
300padxceny” € HOPMyBaHHS HAyKOBO-TIpo(deciiHOro cgimoensdy OakaiaBpa creliaib-
HOCTI 121 — [nowcenepisn npoepamuozo 3abesneuents B 00J1acTi po3Mi3HaBaHHS 00pa3iB Ta
MOB’513aHO1 3 HEIO MONEPEIHbOI0 00pOOKOI0 300pakeHb. [IpeaMeT BUBUEHHS — mpoiec
po3nizHaBaHHA 00pa3iB, TOOTO aBTOMAaTUYHE BUSBJICHHS 3aKOHOMIPHOCTEH y JaHUX 3a
JIOTIOMOTOI0 BUKOPHUCTAHHS KOMIT'FOTEPHHUX aJITOPUTMIB 1 3aCTOCYBAHHS LIUX 3aKOHOMIp-
HOCTe A Kiacudikaiii TaHuX 3a pI3HUMU KaTeropisiMu.

CTBOpEHHS IITYYHUX CUCTEM PO3Mi3HABAaHHS 00pa3iB 3aIHMIIAETHCS CKIAJIHOIO TEO-
PETUYHOIO ¥ TEXHIYHOO NpobsieMoro. HeoOXi1HICTh y TaKOMY pO3Ii3HABaHHI BUHUKAE B
CaMUX pI3HUX 00JIaCTAX — B1J] BIHCHKOBOI CIIPABU U CUCTEM O€3MeKu A0 OIU(pPOBYBAHHS
PI3HUX aHAJIOTOBUX CUTHATIB. YCIIIIHE 3aCBOEHHS JUCIUILUIIHUA JO3BOJIIE€ OaKaIaBpy 3
MPOTpamMHOi 1HXKEHEp1i PO3MIMPUTH KOJIO 3aCTOCYBaHHS HAOYTHX paHillle 3HaHb Ta MPaK-
TUYHUX HABUYOK JJI BUPIIICHHS MIUPOKOTO KOJa 33a/1ay MITYYHOTO THTEIEKTY, /10 SKOTO
TPaIUIIIHO BKIIIOYAIOTh 3a/1a4l pO3Mi3HaBaHHS 00pa3iB.

ITix yac BUBYEHHS TUCHMILTIHYU 3/100yBad BUIoi ocBitH (3BO) mae HaOyTH abo po-
3mpuTH HacTymnHi 3aranbHi (3Kx) ta gpaxosi (OKx) komneTreHTHOCTI, Iepe10ayeHi OCBI-
THBOIO IIPOTPAMOIO:

3K1. 3natHicTh 70 aOCTPaKTHOTO MUCJICHHS, aHAJII3y Ta CUHTE3Y.

3K2. 3gaTHICTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHHUX CUTYAIISX.

3KS5. 3gaTHICTE BUMTHUCS 1 OBOJIO/IIBATH CYYaCHUMU 3HAHHSIMU.

3K6. 3matHiCcTh 0 MOIIyKy, 0OpoOJIeHHS Ta aHali3y 1HGOpMaIli 3 pI3HUX JKEPET.

3K13. 3gaTHiCTh MpalroBaT B M>KHAPOTHOMY KOHTEKCTI.

OK17. 3gaTHICTh PO3POOIATH apXiTEKTYPH, MOJYJIl Ta KOMIOHEHTH MPOTPAMHUX
CHCTEM.

®K22. 3gaTHICTh 3aCTOCOBYBATH (DYHIAMECHTAIBHI 1 MUKAUCITUTIIIHAPHI 3HAHHS TS
YCHIITHOTO PO3B'sI3aHHS 3aBJaHb 1HXEHEPIl MPOrpaMHOTo 3a0e3MeYeHHS.

O®K24. 3naTHiCTh HAKOMUYYBAaTH, OOPOOJSATH Ta CUCTEMaTusyBaTH TpodeciitHi
3HAHHS 11010 CTBOPEHHS 1 CYTPOBOKEHHS TPOTrPAMHOTO 3a0€3MeUeHHSI Ta BU3HAHHS Ba-
MIJTMBOCT1 HABYAHHS MPOTSATOM BCHOTO JKHUTTS.

OK?25. 3narHicTh peanizoByBaTu (a3u Ta iTeparlii >KUTTEBOTO IUKITY MPOTPAMHUX
cucteM Ta iHGOpMalIMHUX TEXHOJIOT1M Ha OCHOBI BIJIMOBIAHUX MOJIENICH 1 MIXOIB PO3-
POOKHU MPOTPaMHOTO 3a0€3MEeUEHHS.

®OK27. 3naTHIiCTh OOTPYHTOBAHO OOMPATHU Ta OCBOIOBATHU 1HCTPYMEHTAPIN 3 pO3PO-
OKU Ta CympOBOKEHHS MPOTPAMHOTO 3a0e3MeYeHHS.

OK28. 31aTHICT 10 AITOPUTMIYHOTO Ta JJOTTYHOT'O MUCJICHHS.

OCHOBHMMH 3aBJIJaHHSMU BUBYCHHS JUCUUIUIIHY “Po3nizHasanHs 0bpazie ma oopo-
oKxa 300pasicend’ €.

1) O3HaiiOMJIEHHS 3 Cy4aCHHUM CTaHOM Ta TEHICHIIISIMUA PO3BUTKY MPOOJIEMH PO3Ii3HA-
BaHHS 00pa3iB.
2) BuBYeHHs pi3HOBH/IIB KOMITFOTEPHUX AJITOPUTMIB, IPU3HAYCHHX [T aBTOMATHYHOTO


https://uk.wikipedia.org/wiki/%D0%A8%D1%82%D1%83%D1%87%D0%BD%D0%B8%D0%B9_%D1%96%D0%BD%D1%82%D0%B5%D0%BB%D0%B5%D0%BA%D1%82

BUSIBJICHHS 3aKOHOMIPHOCTEH Y TaHUX.

3) 3acBO€HHS MPUHIIMIIIB 3aCTOCYBAHHS IIUX 3aKOHOMIPHOCTEH IS Kitacudikallii JaHux
3a pI3HUMH KaTeTrOPisMH.

4) TlpaxTuyHe 03HAHOMIICHHS 3 OCOOJIMBOCTSIMHU Ta 3aCBOEHHS OCHOB POOOTH MPOrpaM-
HUX 3aCc001B JJIA pO3IMi3HAaBaHHA 00pa3iB.

3 OuikyBaHi pe3yJIbTaTH HABYAHHS 3 JUCHUILTIHA

[Tix yac BuBYeHHs qucuuiuiing 3BO mae qocsrtu abo BIOCKOHATUTH HACTYIIHI MPO-
rpamHi pe3yibTatu HaBdaHHs ([TPH), nepenbadeni 0CBITHBOIO MPOrpPamMoro:;

[1PO1. Amami3yBatu, IIJECIPSIMOBAHO LIYKaTH 1 BUOMpAaTH HEOOXIAHI JJIsl BUPI-
HIeHHs MpoQeciiiHuX 3aBAaHb 1HPOPMAIIITHO-AOBIIHUKOBI PECYpPCH 1 3HAHHA 3 ypaxy-
BaHHSIM CyYaCHUX JOCATHEHb HAYKU 1 TEXHIKH.

ITPOS. 3Hatu 1 3aCTOCOBYBATH BiANOBIIHI MaTeMaTH4HI MOHATTSA, METOAU JOMEH-
HOTO, CUCTEMHOTO 1 00'€KTHO-OPIEHTOBAHOT'O aHaIi3y Ta MAaTEMAaTUYHOTO MOJIETIOBAHHS
JUTSL PO3POOKH MPOrpaMHOTo 3a0€3MeUCHHS.

ITPO7. 3natu 1 3acCTOCOBYBATH Ha MPaKTHUIl (PyHIaMEHTaIbHI KOHIIEIII1, TapagurMu
1 OCHOBHI MPUHIUNHK (HYHKIIOHYBAHHS MOBHUX, THCTPYMEHTAJIBHUX 1 OOYMCITIOBATILHUX
3aco01B 1HXKEHepli MporpaMHOTo 3a0e3MeUeHHs.

[TP13. 3HaTH 1 3aCTOCOBYBAaTH METOU PO3POOKH aJTOPUTMIB, KOHCTPYIOBAaHHS MPO-
IpaMHOr0 3a0€3MeUeHHs Ta CTPYKTYp JJaHUX 1 3HAHb.

[1P14. 3actocoByBaTH Ha MPAKTHII IHCTPYMEHTAJIBHI POTPaMHI 3aCO0U JIOMEHHOTO
aHaii3dy, MPOEKTYBaHHS, TECTyBaHHS, Bi3yaidi3allii, BUMIPIOBaHb Ta JOKYMEHTYBAHHS
MIPOTPAMHOTO 3a0€3MEYCHHS.

[1P15. MoTtuBOBaHO 0OMpPAaTH MOBHM MPOrpaMyBaHHS Ta TEXHOJOTIT PO3POOKU st
PO3B'sSI3aHHA 3aB/IaHb CTBOPEHHS 1 CYITPOBOKEHHS MTPOTPaMHOTO 3a0€3MeUeHHSI.

ITP17. BMiTH 3aCTOCOBYBaTH METOAM KOMIIOHEHTHO1 pO3pOOKH MPOrpamMHOTO 3a0e3-
MIEYCHHS.

[1P18. 3Hatu Ta BMITH 3acTOCOBYBaTH 1H(OpMAIiHI TEXHOJOT1i 00poOKH, 30epi-
raHHs Ta Mepeaayl JaHuX.

VY mipcymky 3BO nmoBuHHI

3Hamu :

1. 6a30Bi TepMiHM Ta BU3HAUCHHS B rajy3l po3mi3HaBaHHS 00pa3iB Ta 0OpoOKH
300pakeHb;

2. OCHOBM METO/IIB MOIEpeaHb01 00pOOKH, PO3Mi3HABAHHS Ta CTUCKAaHHS 300pa-
KCHB;

3. 0co0aMBOCTI POOOTH 3 TPOrPAMHUM 3a0€3MEUEHHAM JIJIs1 pO3Ii3HaBaHHs 00pa-
31B Ta 00pOOKH 300pakeHb;

4. TeHJEeHIIli pO3BUTKY alapaTHOro Ta MPOrpaMHOro 3a0e3MeYeHHs! CUCTEM PO3ITi-
3HaBaHHs 00pa3iB Ta 0OPOOKH 300paKeHb;

emimu .

1. obuparu anapatHy KOHQITypalilo NepCoOHATbHUX KOMIT IOTEPIB 1 BUKOPUCTO-
BYBATH ii JJIs1 pO3Mi3HABaHHS 00pa3iB Ta 00pOOKH 300pa’KeHb;

2. MiIKJIIOYaTH, HATAIITOBYBAaTH Ta MOJIEPHI3YBATH arapaTHi 3aco0u It po3i-
3HaBaHHS 00pa3iB Ta 00pOOKH 300pakeHb,
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3. obupatu kKoH}ITYypaIlil0 IpOrpaMHUX 3acO0IB JIJIsi PO3Mi3HaBaHHS 00pasiB Ta
00poOKM 300pakeHb 1 3aCTOCOBYBATH iX y IpodeciifHii AisIpHOCTI OakalaBpa 3 mporpa-
MHOI 1H)XKEHEepIT;

4. BCTAaHOBJIIOBATH, HAJAIITOBYBATH, PO3POOIATH Ta 00CIYrOBYBaTH MpPOTrpaMHi
3acoOu JIJ1s1 po3Ii3HaBaHHS 00pa3iB Ta 0OPOOKHU 300paKeHb.

4 Kpwutepii ouliHIOBAaHHSA pPe3yJbTATIiB HABYAHHS

3 tumu 3BO, siKi 10 MpOBEAEHHS MiJICYMKOBOTO CEMECTPOBOTO KOHTPOJIO HE
BCTUTJIM BUKOHATH BC1 000B’S3KOB1 BUIU POOIT Ta MalOTh IMiJICYMKOBY OIIIHKY Bia O 10
19 GaniB (3a MIKAJIOI0 OLIHIOBAHHS ), IPOBOSTHCS JOJATKOBI 1IHANBIAYaIbHI 3aHATTS, 32
pe3ylbTaTaMi SKUX BU3HAYAETHCS, HACKIIBKU TTTMOOKO 3aCBOEHUN Martepiai, Ta Yd He-
00Xi/1HEe TOBTOPHE BUBYEHHS JUCIHUILTIHU.

JlucumiuiiHy MOKHA BBaXKaTH TaKolo, 110 3aCBO€HA, Ko 3BO:

1) 3nae:

— TMpPU3HAYEHHS Ta OCHOBU POOOTH amapaTHUX 3acoOiB IS PO3Mi3HABAaHHS

00pa3iB Ta 00POOKHU 300paKeHb;

— CKJIaJ] Ta MOXJIMBOCTI CYy4aCHOTO CITY»KOOBOTO Ta MPUKIIATHOTO POTPAMHOTO

3a0e3nedeHHs AJ1s1 po3Mi3HaBaHHs 00pa3iB Ta 00pOOKH 300pakeHb;

— eTamnM CTBOPEHHS MPOrpamMHOro MPOAYKTY UIsl PO3MI3HABaHHS 00pa3iB Ta

00poOKH 300paKeHb;

— TOHSTTS PO PO3Mi3HABAHHS 00pa3iB;

— KpUTEpIi SIKOCTI 300paKeHb;

— MeToau 00poOKH 300paxeHb.

2) BMi€:
— oOupaTu mporpamu Jyisi po3i3HaBaHHS 00pa3iB Ta 00pOOKU 300paKeHb;
— TMpamoBaTd 3 OCHOBHUMH  TPUKIAAHUMHU  TporpaMmamu,  SKi

BUKOPUCTOBYIOTHCS JUIs pO3Mi3HABAHHS 00pa3iB Ta 00pOOKU 300paKeHb;
— KOPHCTYBaTHUCS BOYJOBAaHUM CUCTEMaMU JOTIOMOTH.

5 3aco0u IiarHOCTHKHU pe3yJabTATiB HABYAHHS

3aco0amu OIIHIOBAHHS Ta METOJAaMH JEMOHCTPYBaHHS pe3yibTaTiB HaBYAHHS 3
JTUCLUIUIIHYA € TIOTOYHUHN Ta CEMECTPOBUI KOHTPOJIb. [[0OTOYHUN KOHTPOJIb CKIIAA€ThCS
3 ONMUTYBAaHb, SIK1 TPOBOJSITHCS 1] Yac JEKIIiH, a TAKOXK — 3aXUCTY JIAOOPATOPHUX Ta PO-
3paxyHKOBO-TpadiyHUX pOOIT. 3aMUTaHHS JIs1 TOTOYHOTO KOHTPOJIIO 3HAXOASATHCS Y Bi-
JMOBIHUX METOMUYHUX peromeHAarlisx. CeMecTpoBUil KOHTPOJIb MPOBOJUTHCA Y BU-
sl qudepeHIiioBaHOTO 3aUTIKy, 3alTUTaHHS 0 SKOTO Ha MOYaTKy CEMECTPY PO3MIIILY-
€THCSl y CUCTEMI IUCTAHIIMHOTO HABYaHHS. 3alTUTaHHS JI0 311Ky 3HAXOATHCS B MaKET1
JOKYMEHTAIi Ha TUCIUILTIHY.
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6 IIporpama HaBYAJbHOI IMCUUILTIHN

3micToBuii Mmoay.b 1. ba3oBi NOHATTS Teopii po3nmi3HABaHHA 00pa3iB

Tema 1. Bcmyn. bazosea mepminonocia

[IpeameT 1 MeTa BUBUEHHS TUCLUILIIHMA Ta OCHOBHI BUpilTyBaHi 3a1a4i. CTpyKkTypa
HaBYaJIbHOTO Kypcy. HaBuanbHO-MeTOAMYHA JiTepaTypa 3 AUCHMILIIHA. MeToau4yHe 3a-
oesneueHHs. PexkomenioBana miteparypa. bazosa miteparypa. JlomomixkHa jiTepaTypa.
Indopmariitai pecypcen.

[TonsTTst 300paxkenHs. OcobnMBOCTI 331a4 po3nizHaBaHHsA. CriocoOu OTpUMaHHS
300pakeHb. 3aBIaHHs PO3Mi3HABaHHS 300pakeHb. OCOOIMBOCTI BUPIMIECHHS 3a/1a41 PO3-
ni3HaBaHHA 300paxkeHb. ETanu pimenHs 3aaa4i posnizHaBaHHs. ETan oTpumanHs 30-
Opaxenns. BuOip ¢i3nyHNX IPUHLIKIIIB OTpUMaHHS 300pakeHHsa. Bubip mapamerpis
Kamepu 1 (popmaty 300pakeHHs. Bubip pakypcy. BpaxyBaHHs yMOB BUAMMOCTI.

Tema 2. Ilonepeonsa oopooxa 300parxcens

OcHOBHI MaTeMaTU4HI NOHATTS B Taily31 0OpoOKH 300pakeHb. Kopekiis yMoB BU-
aumocTi. [ToHATTS po TicTorpamy siCKpaBoCTi. ABTOMaTHYHA KOPEKIIis SICKPABOCTI 1 KO-
HTPAcCTHOCTi. ABTOMaTHYHAa KOPEKIIisl SICKPABOCTI 1 KOHTPACTHOCTI 3 BTparamu. Hermi-
HiitHa kopekmisa. Komipua kopekiis. Kopekmis Hacuaenocti. Kopekiis pakypcy. bamanc
outoro. Tunu 1 Mozeni reoMeTpUUHUX cOTBOpeHb. [lapanensHuil nepenoc. [1oBopoT.
MacmrabyBanns. MacmraOyBaHHs 3a ojiHi€0 3 koopauHaT. Kocuit 3cyB. HeniniiiHi cro-
TBOpeHHs. [IpoexTuBH1 criotBopeHHs. [lepcnexTuBHi criotBopeHHs. Jlicropeus. Jloka-
JIbHI CIIOTBOPEHHS.

Metoau KOpeKIil reOMETpUYHUX CIIOTBOpEeHb. Metoj Hailbimxvoro cyciga. Jli-
HiliHa anpokcumaiis. KBagpatnuna anpokcumanis. biminiiiHa anpokcumarid. Ilopis-
HSIHHS JIIHIMHOT 1 KBaApaTU4HOI anpokcuMaiiii. Oco0IMBOCTI MPOTrpaMHOi peaizallii ai-
TOPUTMIB FT€OMETPUYHOT KopeKIlii. Oco0IMBOCTI peanizallii HUKIiB nepedopy By3iiB po-
3psAaHO1 CiTKH. OCOOIMBOCTI MEPETBOPEHHS 300pakeHHsI pU MaciuTadyBaHH1. Ocolmnu-
BOCTI 1HIIMX mNepeTBopeHb. OOpizka 300paxeHHs. MapkyBaHHs. BinHoBIeHHs 300pa-
xeHHs. OcoOIMBOCTI MEPETBOPEHHS KOJTLOPOBUX 300paKEHb.

OinbTpatist 300pakenb. Memianauit GiibTp. 3ropTroBi GinbTpu. GUTETP PO3MUTTSI.
OinbTp Naycca. OinbTp KOpAOHIB. DUIBTP KYyTiB. 3BOPOTHI PuIibTpu. DIIBTP PI3KOCTI.
JleTeKTop KyTiB Ha OCHOBI MEIaHHOTO (IIBTpA.

Tema 3. binapuzauia ma mopgonoziuni anzopummu

[TonsitTst GiHapwu3arii. biHapuzaris 31 craTuyHUM ToporoM. JluHamiyHa OiHapu3a-
uis. [puB's3ka nopora 1o cepennboi sickpaBocTi. [IpuB's3ka mopora g0 yucia Touok 00'-
exta. Bubip nopora 3a 61M01aIbHOIO TCTOrpaMoro sickpaBocTi. [TpuB's3ka 10 cepeaHboi
SCKPABOCT1 TOYOK MEX.

Mopdonoriuni anropurmu. OuabTpatis mymy. OuibTpatlis IyMy TUILY «CUTb». Di-
JBTpALis HIyMY TUITY «repelby. CriibHa QUIbTpallis HIyMY «CiIb 1 iepenpy». OuIbTp BU-
JineHHs KoploHiB. PuibTpu epo3ii 1 Auiiartanii. Onepanii po3MUKaHHS 1 3aMUKaHHS. AJl-
TOPUTM PO3PAaXyHKY KapTH BiJIcTaHEH. ANTOPUTM 3 ypaxyBaHHSM J[iarOHaJTbHUX KOPIO-
HiB. Po3MiTKa 00'€KTIB 1 BU3HAYCHHS iX ynCIa. XapaKTePUCTHUKN O1HAPHOTO 300pakeHHS.
Koau ®pimana. [{enTpoinansuuit mpodine. CTpiuku 1 ckenetHi JiHii. Omyki 000J0HKH.
Mopdomnoriunuit miaxia. CTaTUCTHUHUAN MIX1.

3MicToBHIT MOAYJIb 2. AJITOPUTMHU PO3MiZHABAHHSA 00pa3iB
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Tema 4. Ananiz 300pasricennsn 3 GUKOPUCMAHHAM ZPAHUUL 00 'cKmis

Bunainenns mex. O06poOka rpanuilb. 3MEHIIIEHHS TOBIIMHU rpaHulli. binapuzaris
rpaduib. Buauienns minid. AnroputMm Xada. BukoprcranHs HoOpMaibHOT GOpMH Tps-
MO1. 3MEHIIeHHS 00CITY 00UHCIICHb IIUIIXOM YpaxXyBaHHS HANIPSIMKY TpajiieHTa ICKPaBO-
cTi. BukopucraHHs CyciIHIX TOUOK Il yTOUHEHHS IpajaieHTa. JleTeKTyBaHHS BiIpi3KiB.
Kiacuuna cxema momryky Bifpi3kiB. [lomryk Biipi3kiB 3 BUKOPUCTAHHSM PO3IIUPEHOTO
npoctopy nomryky. Cemapariisi KoJiHeapHUX BIJPI3KiB MPH MPOTPECUBHOMY MOPSJIKY T1e-
peryiny ToUKu. XapakTepUCTUKU AJITOPUTMY BUILICHHS BIIPI3KIB 3 BAKOPUCTAHHSIM I1€-
petBopenHs Xada. Buainenns npsmux 3a gonomororo metonxy RANSAC. [Tobynosa 06-
JacTel momyky i mooyaosa rinores. CkieroBaHHS BiAPi3KiB. ['eomeTpryuHa cKilelika Bif-
pi3kiB. Bepudikamis BiapizkiB. Buainenus kytis. Buninenns kin. HaitnpocTtimmuit anro-
PUTM MOITYKY KUI. AJITOPATM 3 BUKOPUCTAHHSM TTapu TOYOK. [lomryk kis 3a mapamu mpo-
TUJIEKHUX TOYOK. [Tomryk ki1 3a Tpiiikamu Touok. OOUMCIeHHs paailycy Koia. Buminenus
nyr. Bepudikamis kun. Buainenns emincis. [Tonryk eninciB 3 BAKOPUCTaAHHIM alpPOKCHU-
Mailii Bijipi3kamu. Businenns napabo.

Tema 5. Memoou 3icmaenenus 300paxcens

3aBaaHHs 31CTaBJICHHS 1 po3Mi3HaBaHHsI. MaTeMaTnyHa MOCTaHOBKA 3ajayi 31CTaB-
JeHHs1 300paxkeHb. Bubip mapametpiB nomryky. Bubip mapamerpiB QyHKIIT nepeTBo-
penHs koopaunat. OpienTanisa 06'exta. Po3amipu 06'exta. HeminiitHi neperBopenns. [le-
peTBopeHHs scKpaBocTi. Bubip o3nak 3icraBineHHs. Krnacudikamiss o3Hak. Turosi
o3Haku. Maitnanni o3Haku. O3Haku 61Hapu30BaHUX 300paxkeHb. KoHTypH1 03Haku. Kito-
4yoB1 ToOukH. O3HaKM y BUIIIsAL TWisiM. Mipa 6iu3bkocTi. Kopensiiiina mipa. ToukoBl Mipu
0si3pKOCTI. Mipa OJIM3BKOCTI MPOTSKHUX O3HAK. 3icTaBleHHs ayr. HopmyBaHHS Mip
0JIM3BKOCTI. 3BaXKeH1 Mipu 01u3bKocTi. MacouHi Mipu Onu3bkocti. CTpaTerii onTumiza-
11i Mipy OJIM3BKOCTI.

CrnekTpasibHi MeToAu nouryky. Oco0aMBOCTI IpOrpaMHOi peanizanii. J[BoBuMipHe
nepeTBopeHHs Dyp'e. CxeMa MIBUIKOTO TBOBUMIPHOTO neperBopeHHst Pyp'e. 3BOpoTHE
neperBopenns dyp'e. Bnactupocti crparerii 3 BukopructanasaM HITID. Cxema 3 po36us-
KOO Ha MPOCTI JOBUIbHI MHOKHHKH. [HII neperBopeHHs. CTpaTeris nmouryky o0'ekTa 3a
JIOTIOMOTOI0 y3arajJbHEHOTO NiepeTBopeHHs Xada. BiracTuBocTi cTpaTerii Ha OCHOBI y3a-
raJibHeHoro neperBopeHHs Xada. KommeHcarlisi reOMeTpUYHUX CIOTBOpeHb. Hopmy-
BaHHsI MpocTopy notryky. ['padosi Meroau. Meton Bexi. Meton Bincikanb. CTpyKTypHIi
MeToau nmomryky. [Tomyk nexiapbKkox 00'€KTIB.

Tema 6. 3aeéoannsa knacughikauii 300pasxcens

ITocranoBka 3aBnaHHs kKiacudikaili o0'ekta. MaTeMaTyHa MOCTaHOBKA 3ajadl.
Kpurepii sikocti knacudikariii. bararonapamerpuunuii kinacugikatop. opmu kinacis B
npocTopi o3HaK. [IoHATTS po mpuxoBaHi mapameTpu. Bumoru 10 o3Hak kiacudikaiii.
O06pobka nmapamerpiB. HopmyBaHHS 1 IEHTpYBaHHS 03HAK. 3HUKEHHS PO3MIPHOCTI MPO-
CTOpPY O3HaK. AJITOPUTM PO3PAXyHKY CUHTYJSIpHUX BekTopiB. Ilepexin no HoBoro Oa-
3ucy. Knacrepuzanis Bxignux ganux. Hacuuenns subipku. Knacudikaropu. Hainpocri-
U JTHITHWT KIacudikaTop.

EnemenTtu po6otu Mo3ky. [Ipuponauii HEWPOH 1 MOJIETIOBaHHS poOOTH MO3KY. le-
pcentpoH. Po3paxyHok rpamgienta momunku. Hauanns kinacudikaropa. Bubip kpoky Ha-
BuanHs. KyckoBo-niHiitHu# knacudikatop. baratomaposuii nmepcentpon. bararomaposi
HEHWPOHHI MEPEeki 31 3BOPOTHUM TMOMIUPEHHSIM NOMIIOK. HaBuaHHs GararormapoBoro
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nepcentpoHa. [Ipuknaau pobOTH anropuTMiB KiacTepu3alii. 3ropTKOBI MEPExKi.

7  CTpyKTypa HABYAJIbHOI TUCUMILTIHU

Hoi chopmu

KinbkicTb roguH ansa geH-

HaB4YaHHA

HasBu 3amictoBux moaynie i Tem

Y Tomy uucni

Bcboro
Jlek. | J1a6. | C.p.c.
3micToBuii Moay.b 1. ba3oBi noOHATTS Teopii po3ni3HaABaHHA 00pa3iB
1 | Beryn. bazoBa tepminosoris 11 3 2 6
2 | [lonepenust 00poOKa 300pakeHb 15 4 1 10
3 | binapwu3zartist Ta MOP(OJIOTIYHI aNTOPUTMU 18 3 1 14
Pa3om 3a 3micToBUM MoayJiem 1 44 10 4 30
3mMicToBHIT MOAYJIb 2. AJITOPUTMHU PO3IiZHABAHHA 00pa3iB
4 | AHani3 300pakeHHs 3 BUKOPUCTAHHSM TPaHUIlh 14 3 2 9
00'eKTIB
5 | Meronu 3icTaBieHHs 300pakeHb 14 3 2 9
6 | 3aBganHs kmacudikaiii 300pakeHb 18 4 2 12
Pa3om 3a 3micTOBUM MOayJieM 2 46 10 6 30
Ycboro roguH 3a TMCUMILTIHY 90 20 10 60
8 Temmu JabopaTOpPHUX 3aHATH
Ne KinbkicThb
Ha3zga Temu
3/m rOJAMH
1 | Berynne 3ana1Ta. O3HailoMIIEHHS 3 pOOOYUMU MICUSMH, TPABU- 1
JaMU TIPOBEJICHHS Ta 3/1a4l JabopaTopHuX podiT. BeTynHuii iH-
CTPYKTaX 3 TEXHIKU O€3MeKU
2 | IlouaTok po6oTu 3 6i6moTexor0 OpenCV 1
3 | MaHimymsiiii 3 mKcemsiMu 1
4 | O6poOKa KOJIbOPIB 300pa’KEHHS 1
5 | BukopuctanHns ricrorpam 1iist 00poOku 300pakeHb 2
6 | OriHKa NPOEKTUBHUX BITHOCHH B 300pa’KEHHSIX 2
7 | JocmixeHHs] MOXJIMBOCTEH MONIYKY Ta po3Mi3HaBaHHS 00'€KTIB 2
METOaMH MAIIMHHOTO HaBYaHHS
Pazom 10
9 Cawmocriiina podoTa
Ne KinbkicTs
Ha3zBa temu
3/m rOAUH
1 | TepmiHosorisl B Tasty31 po3mnizHaBaHHs 00pasiB. CTpyKTypa cuc- 6
TEMH PO3Mi3HaBaHHS 00pa3iB
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Ne KinbkicThb
Ha3Ba Tremu
3/m TOJMH
2 | Metoiu KOpeKIlli reoMeTpUYHUX CIIOTBOPEHD 10
3 | Kogu ®pimana. I{entpoiganbuuii npodisib 14
4 | Buninenss npsmMux 3a gonomoroto metoqy RANSAC 9
5 | Crpareris nomryky 00'ekTa 3a JOIOMOTOIO Y3aralbHEHOTO Tepe- 9
TBOpeHHs Xada
6 | [Ipuxnaau poGOTH AITOPUTMIB KJlacTepu3arlii 12
Pazom 60

10 ImauBigyaJbHi 3aBIaHHA

Po6ounm mianoM nepeaoaueHo BUKOHAHHS 1HIUBIyaJIbHUX 3aBJaHb 3 JUCITATIIIHUA
y BUTIIAI po3paxyHKoBo-rpadiuHoi podbotu (PI'P). V niit 3BO HaBonaTh omnuc a0Cii-
JHDKEHOTO0 METOJly pO3Ii3HaBaHHS 00pa3iB Ta 00pOoOKH 300pakeHb, a TAKOK TEKCTH IMPO-
rpam abo CKpUMTIB, K1 IEMOHCTPYIOTh pOOOTY METO/Ia Ha MPUKJIIA/ 1HIUB1TyaT130BaHUX
300pakeHb Ta BIJIMOBIHO O OTPUMAHUX BaplaHTiB 3aBaaHb. JlokinaaHa iHbopMaIllis mpo
PI'P mictuthes B [14.2]. ®opMu KOHTPOITIO Ta OIliHIOBaHHs BUKoHaHHS PI'P HaBeneHi B
TaOJuIIL.

Bun podoru ®opMa KOHTPOJIIO KMBK.I crh
OaJjiB
CrtpykTypa, onuc MeToy Ta 1. BianoBinHICTh yMOBaM 3aBJIaHHS 0...14
TporpamHa HacTita 2. ExcriepyMeHTalIbHE MiATBepKEHHS BIIACHUMHU 0...]2
300paKCHHSIMU
IlosicHrOBanbHA 3amKcKa 1. OGrpyHTOBaHICTh PillICHb

2. [TocunaHHs Ha MepIIOHKEpeTa

3. BignoBigHicTh 0()OpMIICHHS] BHMOTaM

4. CBo€yacHICTh NOAAHHS 3BITY

LlILeee
g N[N [N w

3axuct PI'P CamocTiifHICTh, BUKOHAHHS (BIAMOBII HA 3aIn-
TaHHS I11J1 Yac 3aXHCTY)

Pazom 0...| 20

11 MeToau KOHTPOJIIO

OminroBanus 3HaHb 3BO 3xiiicHIOeThCs BiAnoBiHO 10 «Il0j0%XKeHHs Tpo moTo-
YHE Ta MiJICYMKOBE OIIHIOBaHHS 3HAHb 3/100yBayiB BUINOI OCBITH HarioHampHOTO yHIBE-
pcutety “UepHIriBchbKa MOMITEXHIKA », TOTOKEHOT0 BYCHOO panoto HY “UepniriBchka
nomrtexHika” (mpotokon Ne 6 Bix 31.08.2020 p.) Ta BBemeHOTO B Jit0 HAKa30M PEKTOpa
HY “Yepnuirisebka nositexHika” Big 31.08.2020 p. Ne26.
3 mucuurmiian 3BO moxe HaOpatu 10 60% migCyMKOBOi OIIIHKM 32 BUKOHAHHS
BCIX BUIB pOOIT, 1110 BUKOHYIOTBCSI MPOTATOM cemecTpy 1 10 40% MiICyMKOBOi OLIIHKU
— Ha 3aiiKy. BUKOHaHHS Ta 0COOMCTHI 3aXUCT yCiX JJaOOpaTOpHUX POOIT, 3a3HAYEHUX Y
poboulii HaBYaIBHINA TIporpamMi 3 AUCIUIUIIHU, € 000B’sI3K0BUM. [I0TOYHUN KOHTPOJIH
MIPOBOAUTHLCSA NUISIXOM criyIKyBaHHs 13 3BO i1 yac JieKIii, KOHCY/IbTallli Ta OMUTYBaHb
3BO mig vac 3axucTy JabopaTopHuX poOIT. Pe3ynbTaTd MOTOYHOTO KOHTPOJIO 3a
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BIJIMTOBITHAN MOAYJTh OTIPUJTIOTHIOIOTHCS BUKJIaIaueéM Ha HACTYITHOMY ay/IUTOPHOMY 3a-
HATTI. banu, sixi HaGpani 3BO mijg yac MOyIbHUX KOHTPOJIIB, CKJIAIAI0Th OLIHKY MTOTO-
YHOTO KOHTPOJIIO.

CemecTpoBHU KOHTPOJIb Y BUTIISAI Oughepenyitinoco 3aiiky TPOBOAUTHCS i Yyac
cecii 3 TppbOMa 3aMUTaHHAMU: JIBOMa TeopeTHIHUMU (1o 10 GaniB MaKCUMyM 3a KOXKHE)
Ta OJHUM npakTHYHUM (20 6aniB MakcumyMm). O1iHKa 3a pe3yJbTaTaMyd BUBYEHHS JIUC-
UIUTIHUE POPMYETHCS NIISXOM JOJIaBaHHS IMiJICYMKOBHUX PE3yJIbTAaTIB MOTOYHOI'O KOHT-
POJTIO JIO OLIIHKH 3a 3aJliK. B3aeM03B’ 30k Mi>k HaOpaHUMHU OalaMH 1 OIIIHKOIO HaBEICHUM
y po3auti 12. B Bunaaxy mnoBTOPHOTO CKIaJAaHHA 3aJIiKy BC1 HaOpaHi MPOTIrOM CEMECTPY
Oayi aHyTIOIOTHCS, a IIOBTOPHUH 3K CKIAAA€ThCS 3 TPhOMA MUTAHHIMU: JIBOMA TEOPe-
trnyHuMH (10 30 GaiB MaKCUMyM 3a KOKHE) Ta OJHUM NpakTudHuM (40 OaniB MakcH-
MyM). binetn 1o 3amiky 3HaXOASITHCS y MAKETI JOKYMEHTIB Ha TUCIHUILIIHY.

¥V Bunazky, skio 3BO mpoTsarom ceMecTpy He BUKOHAB B IIOBHOMY 00CsI31 Tiepeioaye-
HUX POOOUYOI0 MPOrpaMor0 BCIX BUJIIB HABUAILHOI POOOTH, Ma€e HEBIAMPAIILOBaHI J1a0OPATOPHI
poboTn abo He HabpaB MIHIMAIBHO HEOOXIIHY KUTbKICTh OatiB (20), BiH HE JOIMYCKAETHCS 110
CKJIAJIAHHS 3aJTIKY 1] Yac Cecii, ajie Mae MpaBo JIKBITyBaTH aKaJIeMiuHy 3a00proBaHICTh Y TO-
psinKy, nependadeHomy «I1osioxeHHs Mpo MOTOYHE Ta IMiJICYMKOBE OLIIHIOBAHHS 3HAHb 3/10-
OyBauiB Buiioi ocBitd HY “UepHniriBcbka nonitexHika”». [loBTopHe ckiananHs 3a1iKy 3
METOIO IMiIBUILIEHHS MTO3UTUBHOI OI[IHKHU HE JI03BOJISETHCS.

3a pe3ynapTaTaMy CEMECTPY B 3aJIIKOBY BIJJOMICTh BHUCTABJISETHCS OIIIHKA B1JIO-
B1IHO IO IIKaJIM OI[iHIOBAHHSI, 1110 HaBeJeHAa B HACTYITHOMY PO3ILIi.

[ToniTika MOTpUMaHHS akaJeMIYHOI JTOOPOUYECHOCTI IpyHTYeThcsi Ha «Komekci
akazemigyHoi goopodecHocTi HY “UepHiriBchbka MoJIiTEXHIKA», MOTO/I)KEHOT0 BYEHOIO
panoro HY “Uepniriecrka momitexHika’” (mpotokon Ne 6 Bix 31.08.2020 p.) Ta BBeneHoro
B Jit0 Haka3oM pektopa HY “Uepwniriscrka momitexnika” Big 31.08.2020 p. Ne26. Konk-

peTu3aiiis monoxeHb «Komekcy» HaBeeHa, 30KpeMa, B METOJIMYHHUX BKa3iBKax JI0 BUKO-
nauus PI'P [14.2].

12 Po3noain 6aaiB, saki orpumyiotrs 3BO
I1oTOYHUI KOHTPOJIb 32 MOAYJIAMU

MonayJb 32 TeMATUHYHUM IIAHOM JUCHUILIIHU Ta popma Kilcc::bﬁ-a-
KOHTPOJII0 B
3micToBuii MoayJb 1. Ba3oBi noHsATTs Teopii po3nisHaBanHs odpaszis | 0... 20
1 TloBHOTa BeJEeHHS KOHCIIEKTIB 3aHSTh. 0... 3
2 IliaroroBieHICTh 1O 1a00OPaTOPHUX POOIT. 0... 4
3 CaMoOCTilHICTh BUKOHAHHS Ja00OpaTOPHUX POOIT. 0... 7
4 (CBo€yacHICTh BUKOHAHHS J1JaOOpaTOPHUX POOIT. 0... 6
3micTroBuii MoayJIb 2. AJITOPUTMH PO3Mi3HABAHHSA 00pa3iB 0... 20
1 TloBHOTa BeeHHS KOHCIIEKTIB 3aHSATh. 0... 3
2 IligroroBieHIiCTh 10 Ta0OPATOPHUX POOIT. 0... 4
3 CaMoOCTilHICTh BUKOHAHHS Ja00OpaTOPHUX POOIT. 0... 7
4 CBoeyacHICTh BUKOHAHHS JJaOOpaTOPHUX POOIT. 0... 6
Ouinka 3a PI'P 0... 20
CeMecTpoBa OLlIHKA MOTOYHOT0 KOHTPOJIIO 0... 60
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IIkana oninroBanua: HanmioHaabHa Ta ECTS

Cyma 6auis 3a Ouinka 32 HAiOHAJILHOK IKAJIO0I0
BCi BUIM HaB- Oninka -
YaJIbHOI Aif)Ib- ECTS JUIsl eK3aMeHY, KypcoBoi AJIS 3aTIRY
HOCTI podotu, 1ud. 3amiky
90 - 100 A BIIMIHHO
82-89 B
75-81 C Ao0pe 3apaxoBaHO
66-74 D .
60-65 E 3aJJ0BUTLHO
HE3aJI0BUTFHO 3 MOXKJIMBI- | HE 3apaXx0OBaHO 3 MOX-
0-59 FX CTIO TIOBTOPHOTO CKJIa- JMBICTIO TIOBTOPHOTO
JTaHHS CKJIaJIaHHSI

13 IncTpyMeHTH, 00JIAJHAHHA Ta MPOrpaMHe 3a0e3neuYeHHs], BAKOPUCTAHHS SIKMX
nepeadavyac HAB4YAJIbLHA TUCHMILIIHA

JlexuiiftHuii MaTepiali MOIA€ThCA Y BUTIIAII MPE3CHTAIlH 3a JOIOMOTOI0 M€ Tia-1po-
extopa. [lix yac nekiiit aHami3yrThCa MPoOJIEMHI CUTYaIlll, OPraHi3yeThCsl 3BOPOTHHM
3B'SI30K 3 ayJIUTOPIEIO NUITXOM (DOPMYITIOBaHHS 3allUTaHb 1 CTUCIUX BIJMOBIIEH 3 000X
cTtopid. OcoOIMBICTIO BUKOHAHHS JIA0OPATOPHUX POOIT € 3aCTOCYBAHHS CHEIIaJbHOIO
oOJlalHaHHS Ta MPOTPaMHOro 3a0e3ledyeHHsT HaBuYalibHOI jaboparopii «Cucmemu
KOMN 'TOmepHOo20 30py ma 8i000paddcenHs inghopmayii».

14 Metoauune 3a0e3nev4eHHA

1. PoszmizHaBanHs o0Opa3iB Ta 00poOKa 300pakeHb. MeTou4H1 BKa31BKM O BUKOHAHHS
1abopaTOpHUX POOIT AJIA CTYJIEHTIB crietianbHOCTI 121 «IHXkeHepis mporpaMHOro 3a0e3-
nevyeHHs». — YepHiris: HY «YepniriBebka nmomitexHikay, 2021. — 85 c.

2. PosmiznaBanHs 00pasiB Ta 00podOka 300pakeHb. MeToInyH1 BKa3iBKU 10 BUKOHAHHS
pO3paxyHKOBO-TpadiuHOi poOOTH ISl CTYIeHTIB crierianbHoCTi 121 «lHkenepis nporpa-
MHOTO 3a0e3nedenHs». — Uepnirie: HY «Uepniriscbka nomrexuikay, 2020. — 16 c.

15 PexoMeHpoBaHa JiTepatrypa

ba3zosa
1. Bacuibes, O. [IporpamyBanns Ha C++ B mpukiIaaax 1 3aj1adax : HaBd. moci6. / O.
Bacunwes. — KuiB : Jlipa-K, 2017. — 381 c.
2. Josoum A. C. OcHOBU Teopii po3Mi3HaBaHHA 00pa3iB : HaByY. nocid. : y 2 4./ A. C.
Hosowum, I. B. llenexoB. — Cymu : Cymchkuit Aepxk. yHiBepcuteT, 2015. —Y.1. — 109 c.
3. Chung Bryan WC. Pro Processing for Images and Computer Vision with OpenCV. —
Apress Media, 2017. — 293 p.
4. Solomon Justin. Numerical Algorithms: Methods for Computer Vision, Machine
Learning, and Graphics. — A. K. Peters / CRC Press, 2015. — 392 p.
5. Garcia, Gloria Bueno et al. Learning Image Processing with OpenCV / Gloria Bueno
Garcia, Oscar Deniz Suarez, José Luis Espinosa Aranda, Jesus Salido Tercero, Ismael
Serrano Gracia, Noelia Vallez Enano. — Packt Publishing, 2015. — 232 p.
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6. TI'oncanec P., Byac P. lludposas o6padoTka nzodpaxkenwnii. M.: Texnocdepa, 2012.
- 1072 c.

1.

JlonomizkHa
Kypasuak, JI. M. [IporpamyBanHs KOMI'FOTepHOI rpadiku Ta MyJIbTUME1iHI 3a-
cobu : HaBy. noci0. / JI. M. XKypasuak, O. M. JleBuenko. — JIbBiB : Bua-Bo JIbBiBCh-
Kol momitexHiku, 2019. — 274 c. : i1
Hikonbcbkuit, FO. B. Cuctemu mITy4HOTO IHTENEKTY : HaBY. MOCIOHUK : 3aTBEP-
mxeHo MOH VYkpainu / FO. B. Hikonbscbkuii, B. B. [aciunuk, FO. M. llepouna. —
JIsB1B : Marnonis-2006, 2010. — 278 c.
[MlaxoBcbka, H. b. Cuctemu mityunoro iHtenekty : HaBd. noci6. / H. b. [1laxoBcebka,
P. M. Kamincekuii, O. b. BoBk. — JIbBiB : Bua-Bo JIbBiBCcbKOI mojiTexHiku, 2018, —
391 c. : 1m.
Bishop Christopher M. Pattern Recognition and Machine Learning. — Springer,
2006. — 738 p.

5. Journal of Pattern Recognition Research (JPRR). — [Enexkrponnuii pecypc]. — Pexxum

noctymy : http://www.jprr.org/index.php/jprr
Metonu po3mnizHaBanHs 00pasiB : HaBu. nmoci0. mis crya. / B. M. 3asus, P. M.
Kamincekuif,; Har. yH-T "JIbBiB. momitexnika". — JI., 2004. — 173 c.

7. Gonzalez R. C., Woods R. E. Digital Image Processing. Prentice Hall, 2002. — 813 p.
8. T'oncanec P., Byac P., Ommunc C. ILludposas oO6paboTka n300pakeHUN B cpejie

MATLAB. M.: Texnocdepa, 2006. — 621 c.

9. GonzalezR. C., Woods R. E., Eddins S.L. Digital Image Processing Using MATLAB.

10.

11.

12.

13.

Prentice Hall, 2004. — 813 p.

Umbaugh Scott E. Digital Image Processing and Analysis. Human and Computer
Vision Applications with CVIPtools, Second Edition. — CRC Press, 2010. — 980 p.
Cipolla Roberto, Battiato Sebastiano, Farinella Giovanni Maria. Computer Vision:
Detection, Recognition and Reconstruction. — Springer, 2010. — 375 p.

Farinella Giovanni Maria, Battiato Sebastiano, Cipolla Roberto (Editors). Advanced
Topics in Computer Vision. — Springer, 2013. — 433 p.

Szeliski Richard. Computer Vision: Algorithms and Applications. — Springer, 2011.
—833p.

16 Indopmauniiini pecypcu

Cucrema nucrantiiinoro Hapuanus MOODLE. Kypc: Po3niznaBanns o6pa3iB Ta
00po6ka 300paxens (POTa03). — [Enekrponnuii pecypc]. — Pexxum moctyry :
https://eln.stu.cn.ua/course/view.php?id=2817

Computer Vision System Toolbox. — [Enektponnuii pecypc]. — Pexxum nocrymy :
https://ww?2.mathwaorks.cn/help/vision/index.html

Open Source Computer Vision Library. — [Enekrponnuii pecypc]. — Pexxum
nocrymy : https://opencv.org/

Deep Learning. — [Enexrponnuii pecypc]. — Pesxxum nocrymy :
http://deeplearning.net/tutorial/contents.html

IarerpoBanuii BeO-caiit kuur Gonzalez R. C., Woods R. E. Digital Image
Processing Ta Gonzalez R. C., Woods R. E., Eddins S.L. Digital Image Processing



http://www.jprr.org/index.php/jprr
https://ww2.mathworks.cn/help/vision/index.html
https://opencv.org/

10.

11.

12.
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Using MATLAB [Enextponnuii pecypc]. — Pexxum mocryiy :
http://www.imageprocessingplace.com/

ISO/IEC TR 19759:2015 [ISO/IEC TR 19759:2015]. Software Engineering —
Guide to the software engineering body of knowledge (SWEBOK) [EnexTponHwuii
pecypc]. — Pesxum goctymy : https://www.iso.org/standard/67604.html

Advanced Information Technology = CyuacHi iHpopMaliifHi TEXHOJIOTIT
[EnexTpoHHMiA pecypc] : HayK. )KypH. — Pexxum moctymy: https://ait.knu.ua/
[ndopmariitai TeXHOJIOT1T Ta KOMIT FOTepHA 1HXKeHepis [ EnekTponnumii pecypc] :
MDKHap. HayK.-T€XH. )XypH. — Pexum fgoctymy:
https://itce.vntu.edu.ua/index.php/itce

Problems of information technologies = [IpoGiemu iHpOpMaILIHHUX TEXHOIOTIH
[EnexTponnmii pecypc] : HayK. )KypH. — Pexxum noctyny:
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