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CHUCTEMA PO3II3HABAHHS OBPA3IB HA BA31 HEUPOHHOI MEPEXKI 3
I'NIMBOKUM HABYAHHAM

Anomayia. Pospobrena cucmema po3nizHasanus 00'€kmis, AKA IPYHMYEMbCA HA HEUPOHHUX Mepedicax 3
enuboxum naguanmuam. Taxa cucmema po3nisnaganmsa oopasie 30amna 3a0e3nedumu moyHe ma weuoxe po3nisHaeaHHs
8i0OMUX [Tl Ma OAUZLKUX 00 MAKUX 300padxceHb y 8l0eokoHemHti, ompumanomy 3 IP-kamep 6ideonaznsdy. 3anericro 6io
YMO8 31ioMKU 8i0e0 ma Kyma 02140y IP-kamepu, areopumm pobomu 0anoi cucmemu 00cA2ae moYHOCMI Po3Ni3HABAHHS,
wo cknadae 96,38%. Taxuil idcomok posniznasanus 06pasié ¢ npakmuuno cmanum eionocno 11 knacie 06’exmis
ioenmugbixayii ma posnisnaganns. Taxi 6Ucoki pesyrbmamu 00CA2AIOMbC 3A805KU SUKOPUCIAHHIO HABYAIbHOL 0a3U
gioeooanux CamVid 6 sxocmi Hasyanbnoi eubipku Heliponuoi mepedxci. Taxa 6aza cgopmosana Ha ocHogi 421
Haguanvhozo ma 280 mecmogux sideoz06padicenv. B moldeni cucmemu posniznaeanmna nepedbaueHi MONCIUBOCTI
onmumizayii napamempie yHkyii Haguanus ma i0eHmughikayii, a MmaKodic 3MiHU Memooy SUMIPIOBAHHS I0CMAHI MidiC
BEKMOPAMU O3HAK (MEMPUKU BUMIPIOBANHSA 8I0CMAHT MOYOK).

Kniouogi cnoea: netiponna mepesica, enuboxe HaguaHHs Mepedici, Kiacupixamop 03Hax, ONOPHUU iHpHOpMayiuHUuLl
eexmop, epagpiunuii petim, MauuHHUL 3ip.

MeTta nocaizKeHHs 10JIsArae B po3pooii e(heKTUBHOIO aJITOPUTMY PO3Mi3HABaHHS TpadiuHUX
00’€KTIB 3 BIJECOKOHTEHTY, OTpUMaHOro 3 kamep IP-kamep cucremu BigeoHarnsiy. TOYHICTB
po3mi3HaBaHHs 00pa3iB B pa3i MpakTHUHOI peastizallii anropuT™Ma Ma€e CKIajatyu He MeHIe 95% s
BiJICOZJAHNX, MAKCUMAIIbHO HAOJMKEHHX JI0 pEaTbHUX YMOB.

AHaJi3 ocTaHHIX JocaiIzKeHb Ta myOJikaniii. Ha mijgcTaBi mpoBeaeHOTo aHaNi3y HAyKOBHX
JOCTIKEHb, MPUCBAYEHUX aJrOpUTMaM Ta METOJaM pPO3Mi3HAaBaHHS 00'€KTIB TUIy «TrpadiuHUi
o0pa3», sIKi HaBeJleHl B YUCIEHHUX JDPKeperax, 30kpema B [1-9], Mo)kHa 3pOoOMTH MEBHI BUCHOBKU
CTOCOBHO MOJIeJIe Ta MaTeMaTUYHOIO arnapaTy MPHUKIaJHUX CUCTEM po3Mi3HaBaHHA. B Takiil pomi
HaHOUIBII JOLITBFHO 3acTOCOBYBaTH HelpoHHi Mmepexi (HM). Moneni Ha 6a31i HM e HaiiGinbm
e(eKTUBHUMHU JJIs1 PO3POOKH CHUCTEM pO3Mi3HaBaHHS 00pa3siB, siki 00poOIIOI0TH TpadiyHuil abo
BiJICOKOHEHT. /{7151 CTBOpEHHS CUCTEMU pO3Ii3HaBaHHA 00pa3iB BaXKIMBO C(HOPMYITIOBATH aJeKBATHY
MaTeMaTHYHy MOJIelb, HA OCHOBI SIKOI MOKJIMBO Oyjie peasizyBaTH MiACHUCTEMY 1IeHTH}IKalii Ta
knacudikamii rpadiunux 06'ektiB. Llikom soriyHo BUkopuctaTn Mozens HM, mo rpyHTyeTbes Ha
aIropuTMax HEHPOHHUX Mepex 3 HaBuaHHAM abo Oe3 Takoro. IlepeBaroro moniGHUX Mojenei €
MOIMBicTh HaByaHHA. HaBuanus moneni HM nae 3Mory akTyamnizyBaTd 1 3Ha4HO IiJBUILYBaTH
SKICTh TpPOLECY pO3Mi3HaBaHHS 1 HACTYMHOI Kiacudikamii, o BKa3aHO B jkepenax [6,7]. B
KOMIT'IOTEPHHX 1HTEJIEKTYaIbHUX CUCTEMaX JUIsl PO3Ii3HaBaHHS 00’ €KTIB Y BIICOKOHTEHTI MALIMHHE
HaBYaHHS 4acTo € (aKkToOpoM, SIKHH CyTTE€BO MIJABUIILYE AJEKBAaTHICTh Ta TOYHICTH allFOPUTMY
BHU3HaHH Ta ieHTUdIKallii, K 3a3Ha4eHo y kepenax [6-8]. Tomy Bubip Momeni cuctemu Ha 06asi
HM e minkoM BUNpaBIaHuid.

PesyabTaTH fgociigkeHHs Ta ix oOroopenHnsi. Cuctema po3mi3HaBaHHA o00pasiB 3
BimeoTpadiky IP-kamep € aktyanpHOW0. [lomiOHI CHCTEMH YMOBHO CKJIAIAalOThCS 3 JACKITBKOX
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migcucrem: 1) TexHiuHa dYacTuHA (MIACUCTEMa BiJIGOHATNSIAY); 2) MIJCMCTEMa aHami3y Ta
Kiacudikamii eleMeHTIB 300pakeHHs;, 3) TicucTeMa peecTpalii Ta Yy3araJdbHEHHS JaHUX
po3mizHaBaHHa. CTpyKTypHa cXeMa CHCTEMHU pO3Ii3HaBaHHS 0Opa3iB B 3araJbHOMY BHTJISI
noka3aHa Ha puc. 1.

PyHKLioOHaN cucTeMm

IP-BigeoniacucTema Ananis of'exris Bt MiacucTema aHaniay i
P MDIp O3Hak knacudikauii
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Pucynox 1 — Cmpykmypha cxema cucmemu po3niznageanus oopasie

BaxnuBum etanoM y ¢dopMyBaHHI anroputmy € BuOip moneni i tunmy HaBuanHs HM. Ha
CBOTOJIHI ICHYIOTH JIEKUIbKA THUIIIB MOJICIICH CUCTEM PO3Mi3HABaHHS Ta iMeHTU(IKAIII 32 BUIAMU
HaByaHHA [10]. 3 orosay Ha BAKOPUCTAHHS B ITOPUTMI MaTeMaTuyHoro anapary HM moxxHa oOpatu
HarysigHe HaBuaHHA (Supervised Learning). L{efi THD HaBYaHHS BUKOPUCTOBYETHCS JJII HaBYaAHHS
MOJIeTli Ha OCHOBI Map BXIJHUX JAHMX Ta BIAMOBITHUX MITOK (TMIO3HAYOK), IIO Y3TOKYETHCS 3
BUKOPHUCTAHHSIM ICHYYMX Y BUIBHOMY JIOCTYIl TpeHyBalbHUX BHOOpok. Moxens HM 3 rmubokum
HAaBYaHHSIM BYUTHCS TMependavyaTd BIAMOBIIHI MITKH IS HOBUX BXIJIHUX JaHUX HAa OCHOBI
MOTIePETHHO HABUEHUX TPUKJIIAIIB.

VY noGynosaniit HM, sika oOpaHa B sIKOCTI OCHOBH IS MIJCUCTEMH 1AeHTUdIKALIT rpadidHUX
00'exTiB, Tepe0ayeHo KiJbKa IIapiB HEWpoOHIB (puc.2). 3 Orsily Ha HABEIEHY Ha pUC. 2 CXeMy
HeiiponiB HM maremaTnuHOi MoJiei CUCTEMH pO3ITi3HaBaHHS 00pa3iB 3 03HAKOI0 Xaapa, HaOLIbII
e(eKTUBHOI JUIsl BUMAJKY po3pobmtoBaHoi cuctemu Oyne HM 3 rmmbokum nHaBuanHsMm. OOpana
Mmojiesib HM no3Bostsie mpoBoauTH HaBuanHs HM 11 nepenbaueHHs pe3ysbTaTiB Ha OCHOBI BX1THUX
TaHUX.

Pixel Intencity of the R-Channel —A Q Q '
Pixel Intencity of tge G-Channel e O \ {} AL ,\}
X ':.- {_} \" X : —« )~ Object class
Pixel Intencity of the B-Channel ML AL O‘ /'f:}
'S’ ‘ \' :,‘\/ . v
Haar's features —@ @ O e 4

Pucynox 2 — Cxema HelupoHHUX wapie NPUKIady HetpoMepelCci Cucmemu po3nizHa8aHHs.
3 o3nakow Xaapa
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Bxignuit map HM oTpumye no4yaTkoBi JaHi, BKJIIOYAI0UYX IHTEHCUBHICTh KOJKHOTO IMIKCENs Ta
o3HaKM Xaapa Ui pi3HUX 00'€KTiB (IepeBa, aBTOMOOLI, TOPOTH, HEOO, €JIEMEHTH TPOTyapy abo
oropoxi, mimoxoau Ttomo). JaHuii Metox Oa3yeThcsi Ha BHKOpHUCTaHHI (GiIbTpiB Xaapa ais
BHSIBJICHHS PI3HUIIb Y 3HAUCHHSX IMIKCENTIB y IEBHUX 00JacTAX 300paykeHHs. B sikocTi ocHOBHOT 1€l
BUKOPHUCTaHHSA O3HAK Xaapa Jis ifgeHtudikanii rpapiuyHux o0’€KTiB € Te, m0 Ha 300pa’keHHSIX
ITyKalOTh MEBHI XapaKTEpUCTUKHN O0'€KTIB, TaKl SIK TPaHMUIIl, JiHIi a00 TEKCTYpH, SIKIi MOXKYTb OyTH
OpUCyTHI y 300paxkenHi. Hampukman, g 3azaui  pos3mizHaBaHHS —aBTOMOOLTIB  MOXYTh
BUKOPHUCTOBYBATHCS O3HAKW Xaapa JijIsl BUSBJICHHS KOJIiC, ap, abo 1HIIMX XapaKTepHUX JeTaieu
aBTOMOOUTI. BUKOPUCTOBYIOUM Taki O3HAKM JITOPUTM Ha OCHOBI TMTMOOKOI HEHPOHHOT Mepexi
BiIpi3HsAeMO Ha rpadiuyHomy ¢oHi iHopmaliiiHuii BMICT 00’ekTy imeHTu(ikamii (Ha puc.3 1ei
00'ekT — aBTOMOO1IIB) [10].

file [dit Yiew [nsert [ desktop Window He b
da & ° D9« £- A 03 =3

Fur_aground

Pucynox 3 — Ilpuknao euokpemnenus na epagivnomy ¢oui inghopmayitinuti emicm 06’ekmy
i0enmuchixayii po3poobaeHuM aneopummom

Hami, wi gaHl nepenarwoTbes A0 mepuioro mnpuxosaHoro mapy HM, ne BinOyBaroThes
MaTeMaTH4HI OOYMCICHHS 3 BUKOPUCTAHHSAM BXiJHUX JNaHuX. Hapemri, BuxigHuii map gopmye
(biHaIBHUM pe3ynbTaT — IIeHTU(IKALII0 TUITY 00'€KTa, MTPUCYTHHOTO HA KOHKPETHOMY 300pakEHHI.

Jns mpakTHyHOI peanizaiii po3poOieHoi MaTeMaTHYHOI MOJAEl CHUCTEMH pPO3Ii3HAaBaHHS
00a3iB Oys0 BuOpano cepenonuiiie po3podoku MATLAB. ¥V oMy cepenoBuiili 10cTymnHa BOy10BaHa
¢byHskuis vgglo(), mo peanizye B co0l apXiTeKTypy IMTUO0K0i HEHpOHHOT Mepexi 3 16 3ropTKOBHX 1
MOBHICTIO 3B'I3aHUX IIapiB HEHPOHIB, BKIOYat0uM 13 3ropTKOBHX IIapiB Ta 3 MOBHICTIO 3B'A3aHUX
mapiB. Jlany GyHKIIiI0 MOYKHA BUKOPUCTATH JUI Kiacudikallii 300paxeHpb B IpoIleci po3Mi3HaBaHHI.
3ranana ¢pynkmis vggl6, mo npucytHs MATLAB, nmoBeptae 06'ekT HEHPOHHOT MEpEeXI, ajie BOHA HE
MICTUTh KOHKPETHOTO MeETOAY JUIsi OOYMCIeHHS BiAcTaHi (METPUKH) MDK BEKTOpaMH O3HaK
00pobroBaHuX 300pakeHb. Uepes 11e /715 po3B’ 3Ky MOA10HUX 3a/1a4 BUKOPUCTOBYIOTHCS CIIEIalIbHI
METOJAUKH 00YHCIICHb [9]:

- €BKJIJ0Ba BiJACTaHb;

- KBajpaT eBKJiJO0BOI BiJICTaHi;

- Bigcraup YebOuiena;

- XEeMIHroBa BiJICTaHb.

- MAaHTeTTeHCHKa BiJICTaHB;

Jlnis Mmozieni cucteMu iieHTHdiKaiii Mu OyJ1IeMO BHKOPHUCTOBYBATH KIIACHYHY BijicTanb EBKitifa
B SKOCTI METOJly BHU3HAUEHHS BIJCTaHI MDK TOYKaMHU TECTOBHUX Ta €TaJOHHUX 300pakKeHb.
OOuncneHHs BiZICTaH1 3a JOMOMOT o0 MeTpukH EBKIIia € HalnpocTimM Ta epeKTUBHUM CIIOCOO0M
OTPUMAaHHS 3HAYCHHS MPsAMOi BIJICTaHI MDK JBOMa Todkamu y mpoctopi. [lpm imentudikarii
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rpadiuHuX 300paxkeHb BiicTaHb EBKIIiIa BUKOPUCTOBYETHCS, SIK Mipa MOPIBHSHHS BUBOLY MOJIENI 3
OUYIKyBaHUMH 3HAYEHHSMH, SIKi OyJIM OTpUMaHI MiJ 4yac HaBUYaHHS HEHPOHHOI MEPEXKi, a TAKOXK IS
MoJNIbIIOI Kacu(ikamii 300paskeHb Ha OCHOBI TXHIX BIIaCTHBOCTEH.

Jliist po3paxyHKy METPHK BiJICTAHEH TOYOK 3aCTOCOBYEMO BHpa3 Ui BU3HAueHHs EBKIiM0OBOT
BlICTaHl, HABEICHUH HIDKYE:

n

Z(xi - x{)?.

i=1

p(x,x") =

BianoBigHO, y HaBeJAeHOMY BHINE BHpasi: X; — NEPIIMA N-BUMIPHUH BEKTOP TOYOK
300paKeHHSI; X; -APYTHi N-BUMIPHUI BEKTOP TOYOK 300pakeHHs. [laHi iHhopMariiiHi n-BUMipHi
BEKTOPHU B CTBOpEHii Mojeni GopMyIOThCs 3a MPUHIUIIOM, SIKi MOKYTh OyTH OMHMCaHi HACTYITHUMHU
BHpa3aMHu:

x = (X1 %25 v Xp). X' = (X1} X3 oo Xp)-

Tpenyeanna ma mecmyeanns cucmemu oopasie.

Bucoki moka3HHKH CUCTEMH PO3ITi3HABaHHS 00pa3iB MOXKJIMBO OTPUMATH JIMIIIE TOJ1, KOIH ii
anroput™M Mozenmi, noOynoBanuid Ha 0a3l TAMOOKOrO0 HaBYaHHSA, NpPOIIEe TPEeHYBaHHS Ha
BHUCOKOSIKICHIN BifeoBuOipii. Jjis TpeHyBaHHS HEWPOHHOI MepeXi BUKOPHUCTOBYBAIHCS €TaJIOHHI
nani BigeoOasm CamVid, mo Bxitoyae croemianbHi MiTKM. Jlama TpeHyBanmbHa 0asa JaHHX
CKJIQJIAEThCS 3 KOJICKIIT BiieoparMeHTIB 3 CEMAaHTUYHUMHU MITKaMH BiANOBIIHUX KJIAaciB 00'€KTIB,
JOTIOBHEHUX MeTaanuMu. OCHOBHUI Ha01p MiTOK eTasioHHOi 6a3u CamVid acorlitoe KOKeH IMiKCelb
3 OAHUM 3 32 CeMaHTHYHUX KJIaciB 00'€KTIB, 110 11eHTU(DIKYE cHCTEMA.

OpaHOo3HAYHO BU3HAYEHI K1acH 00'€KTIB 11eHTHU(]IKAIIT MO/IEI CUCTEMH PO3Ii3HABaHHs 00pa3iB
3a TUTIOM:

_ "He60" ("Sky");

- "Byniena" ("Building");

- "CroBm" ("Pole");

- "Hopora" ("Road");

- "Tpotyap" ("Pavement");

- "Iepeso" ("Tree");

- "3nakCumbony" ("SignSymbol");
- "[Tapkan" ("Fence");

- "ABromoOutp" ("Car");

- "[Mimoxix" ("Pedestrian");

- "Benocunenuct" ("Bicyclist").

Jns pexuMy TpeHyBaHHS pO3JiIbHA 3JaTHICTH TpadiuHux ¢pemiB Oyiaa oOMexeHa
napamerpoM 360x480 TOUOK y BiI€OBHOOPIIL.

Jlns Toro, mo0 OTpUMAaTH CEepe/iHI 3HAYCHHS NI BIOPSIKOBAHOTO HAOOpY TECTOBUX AAHHUX

MoO>kKHa BUKOpHUCTaTH ¢yHKii median(), sika IPUCYTHS B CEPEIOBHILI MOJECIIOBAHHS Ta TECTYBAaHHS
ctBopeHoro anropurcy HM Matlab. 3nauenns nns mapaMerpiB iHimiamizauii, GyHkuii BTpaT Ta
TpPEeHYBaHHS HEHPOHHOI MepeXi HaBe/leH1 B Tab. 1.

Tabauysa 1 — IHapamempu iniyianizayii pynkyii mpenyeanHs HelipOHHOT Mepexci

Haspa aprymenra ¢yHkuii trainingOptions() 3Ha4veHHs mapaMerpa
Momentum 0.9
InitialLearnRate 1*1073
L2Regularisation 0,0005
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3 METO10 BUKOHAHHSI KJIACTEPHOTO aHaJli3y Ta HACTYIHOI (PiHAIBHOI Ki1acH(iKalii po3ni3HaHUuX
Ta i1eHTU(IKOBAaHUX IpadiyHUX 00'€KTIB B MiACUCTEMI 1IeHTH(IKAIIIT CIT1]] BUSHAYATH IIKATY OI[IHOK
s Kinacudikaropa oTpUMaHUX 3 BileokoHTeHTY [P-kamep rpadiunux 300paxensb. lns ocHOBU
dbopMyBaHHS IIKAJIW OIIHOK B POOOTI BHKOPUCTAHO I1H(OpPMAIIHHY CKJIAJIOBY ICHYIOUHX B
KoMIT'toTepHiii Moaeni RGB kanamiB, mo Bu3Ha4aroTh rpadiuawmii (peiiM y BIANOBIIHOMY
rpadiunomy dopmarti: {R € (0; 255), G € (0; 255), B € (0; 255)}.

ETanonni BekTopH, 3 SIKUMU MOPIBHIOIOTHCS OTpUMaHi rpadiuni kaapu 3 [IP-kamep, copmoBani
BiamoBimHO 10 RGB-momeni konwopy. ETamoHHi BekTOpHM B CHeEIiami3oBaHUX JpKepeax 4acTo
3rajIaloThCs, SIK OMOpHi (Ha3Ba-aHanor). KpiM TOro, Ttaki BEKTOpU Ui CTBOPIOBAHOI CHUCTEMH
po3naineni Ha 11 kiaciB po3mni3HaBaHHS:

- OyaiBii, iIHPPACTPYKTYpHI 00’ €KTH;

- He0O0, TOPU3OHT;

- TOpOXKHS iHPPACTPYKTYpH Ta ii eleMeHTH;

- JIOPO’KHE TIOKPHTTS;

- TIIIOXO/HI TOP1KKH, MAaHAYCH, IMIIIIOXOIH TOIIIO;

- JepeBa, KyIili, POCIMHHICTb;

- TOpO>kHi, iHpOpMAaLiiHi 3HAKH, CBITIOPOPH;

MapKaHu Ta OTOPOXKi;

aBTIBKH, BETUKOTa0ApHUTHI 3aCO0M IepecyBaHHS Ta MMOTSTH;
JOPOCITI MIIIOXOIH Ta JITH, TBAPUHH, BI3KH;

MOTOIUKIIU Ta MOTIE/IH, CKyTEPH.

I'padiuna kapra RGB-kananiB kombopiB A7 BIAOKPEMIIEHHS KIAaciB iAeHTH(]IKOBaHHX
rpadigHUM 00'€KTIB MICTUTh NIEBHUI HAO1p 3HAYEHb KaHAITY KOJIbOPY JUIS BCIX ICHYIOUHX a CHCTEMI
po3mizHaBaHHs 11 OCHOBHMX KiaciB 00’e€kTiB. B Tabnuii 2 HaBe[eHI 3HAYEHHS IMMapaMeTpiB I
po3mizHaBaHHs 0a30BUX 00 €KTIB y OCHOBHHX KJacax iaeHtudikarii Ha 6a3i RGB-momeni.

Tabauysa 2 — bazosi 06’ekmu ocnogHux knacie ioenmugikayii ma ix xapakmepucmuxu

. XapakTepucTUKHU KiaciB po3nizHaBaHHS (RGB-

HasBa knacy po3mizHaBaHHS

O3HaKH)
Sky 128 128 128
Building 12800
Pole 192 192 192
Road 128 64 128
Pavement 60 40 222
Tree 128 128 0
SignSymbol 192 128 128
Fence 64 64 128
Car 64 0128
Pedestrian 64 64 0
Bicyclist 0128 192

TpenyBaHHS OJep>KaHOTO aNrOPUTMY Ha HaBYaJbHOMY HaOOpi Bil€OAaHUX Oa3yeThCs Ha

rMMOOKOMY HaB4aHHI HelpoHHOi Mepeki. Takuii migxig Aae 3Mory e(peKTHBHO BiAPI3HATH (OH
30paroeHHs BiJ 1HpOpMaIiiiHOro BMicTy 00'eKTiB ieHTHdIKall Ta po3ni3HaBaHHSI. MaTeMaTuyHy
MOJIeTIb HAaBYAIOTh HA BHOIpIH, MmO ckiagaeTbess 3 421 eramoHHMX 300paxkeHb, 3 skux 280
BUKOPHUCTOBYIOTHCSI IS TIOAAJIBIIIOTO TeCTyBaHHs. [1icist TpeHyBaHHSI BU3HAYAIOTHCS Bard 00’ €KTIB
JUIsL KOXKHOTO 3 BiIOMHX KiaciB (Tabuuug 2). Hampukiiaz, Bara 00’ exTiB kinacy «Sky» Ha rpadiyHux
(dpeiimax BigeonoToky 3 IP-kamepu cranoButsh 0.318184709354742 npu wactoti 0,9266.
BucnoBkm. [1ig yac cepii eKCriepuMEHTIB 3 po3Ii3HaBaHHIM rpadiyHUX 00pa3iB, IPOBEICHUX
B cepenoBuIli Matlab, anroputM cucremMu mpoIeMOHCTPYBaB BUCOKY TOUHICTB Y poOOTi 3 TpadiuHOI0
iHpopMmariero. B SKOCTI BiieoaHHUX JUIsI OTPUMAHHS Pe3yJIbTaTiB TeCTYBaHHS OyB BUKOPUCTAHUH

T
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BiZIeOpsiJl, 10 MICTHB 0a30Bi 00’ €KTH OCHOBHHUX KJaciB ifieHTH(iKallii, mepepaxoBani B Tabnuui 2.
TounicTh po3mnizHaBaHHs 11eHTU(IKOBaHUX 00’ €kTiB ckiana 96,38% mins Bineonoroky 3 [P-xkamepu.
Jnst mozteri HM BHKOpPHCTOBYBAJIHMCS TECTOBI 1aHi, 0 BKJItoYaiu 12 ¢pparMeHTiB, KOXKEH 3 SIKUX MaB
TpuBaiicTh 68,35 cexynau. [lopiBHIOIOUN pe3ynbTaTH TOYHOCTI pO3MMi3HABaHHS Tpad14HUX 00’ €KTIB
3 MaKCHUMaJIbHO HAOMMKEHHMHU 32 MaTEMAaTHUYHHM arapaToM Ta JOMEHHOIO 30HOK BUKOPHUCTAHHS
MOJKHA 3pOOUTH IEeBHI BUCHOBKH 3a Pe3yJIbTaTaTH, IIOKa3aHUMH Y Ta0I. 3.

Tabauys 3 — Iopienrosana mounicms po3nizHABaAHHA epapiuHux 0opa3zie

Tun HaOopiB TeCTOBUX JaHUX Tounictb, %
Casting™* 77,62
Defect* 97,88
Magnetic* 92,67
Tech* 94,23
Bridge* 99,02
Solar* 76,78
ba3oBi 00’ €KkTH OCHOBHHUX KJIaciB ileHTH(]iKaIlii CTBOPEHOTO

anroputmy (Tadyuiis 2) 96,38

Jiis po3miizHaBaHHS rpaiYHIX BUOOPOK HA HAOOPAaX TECTOBHUX JaHUX, TO3HAYCHUX 3HAKOM «*)
IIpY HaBYaHHI1 BUKOPUCTOBYBAJIHCS CIieliali30BaHi sl KO)KHOTro Habopy HaBuanbHi BUOipku [12]. B
SKOCTI MaMEMaTHYHOI OCHOBH JIsl aJITOPUTMIB PO3ITi3HaBaHHS HAOOPIB TECTOBHUX JaHMUX TaOiwii 3
BUKOPUCTAHOTO HEMPOHHY Mepexy 3 rinubokumM HaBuaHHAM VGG19. Taka Moxens mae Ha 3 mapu
HeHpoHiB OubIle, HOPiBHAHO 3 Tieto HM, sika BUkopucTaHa B aHiil poboti. Binomum daxrom € Te,
1110 31 30UIBIIEHHAM KUIBKOCTI LIapiB Ta HEMPOHIB y HEHPOHHIN Mepexi, sIK MPaBUIIO, 301IbIIYIOThCS
oOYMCITIOBaJIbHI BUTPATH Ha po3Mi3HaBaHHA oOpa3iB. OTxke, 301M1aTbcs 1 BUMOTH JI0 arapaTHOIO
3abe3neueHHs HiIboBOT MIaT(opMu iieHTUdIKaLT 1 po3Mi3HaBaHHA IpadiuHUX 00’ €KTIB.

Mosxna ctBepmkyBatu, mo komOiHamiss HM tunmy VGG16 3 metomoMm it oOuMcleHHS
BIJICTaH1 (METPUKHU) MK BEKTOpaMHU O3HaK 0OpoOIIOBaHUX 300paXkeHb Ha 0a3i eBKJIIJOBOI BiJCTaHI
JAr0Th MPUHHATHY TOYHICTH PO3MI3HOBAHHS, JIOCTATHIO /IS 3aCTOCYBAHHS B PsAJIi CHCTEM MAIIMHHOTO
30py. OTprMaHi NOKa3HUKH CIIBCTaBHIi 3 OUIBII MPOAYKTUBHUMH, ajle CKIaJHUMH aJrOpuTMaMy Ha
6a31 HM VGG-16 npu OuibIii 00YMCIIOBaNbHINA CKIAAHOCTI OCTaHHIX.

IlepciekTHBM BIOCKOHAJEHHA. J[J151 TOANBIIOrO BJIOCKOHAIEHHS TOYHOCTI PO3Mi3HABAHHS
Ta ieHTudikaili rpagiyHIX 00’ €KTIB MOKHA BUKOPUCTATH 1HITUN METO]1 00UUCIICHHS METPUKU MIXK
BEKTOpaMH O3HaK 300pa)keHb, HAPUKJIAJl, HA OCHOBI YOTUPbOX albTEPHATUB: KBAPATy €BKIIIJJOBOT
BiJICTaHl; MaHTSTTEHCHKA BIJCTaHb; BiJicTaHh UeOHWIleBa; XeMIHIroBa BiJICTaHb. XO0Ya I[i METOIH €
O0YMCITIOBAJILHO OUTBII CKJIAJHUMHU JUI TOTEHIINHHOI amapaTHOi 0a3u 3acTOCyBaHHS, aje ix
BUKOPUCTAHHS MOXE€ MIAHATH TOYHICTh pO3Mi3HABaHHS TpadiuHuX o00pa3iB B MPHUKIAJIHOMY
3aCTOCYBaHHI.
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IMAGE RECOGNITION SYSTEM BASED ON A NEURAL NETWORK WITH DEEP
LEARNING

Abstract. An object recognition system based on deep learning neural networks has been developed. Such an
image recognition system is capable of accurately and quickly recognizing images known to it and similar to them in
video content obtained from IP surveillance cameras. Depending on the video shooting conditions and the viewing angle
of the IP camera, the algorithm of this system achieves a recognition accuracy of 96.38%. This image recognition rate is
practically constant for 11 classes of identification and recognition objects. Such high results are achieved through the
use of the CamVid video database as a training sample for the neural network. This database is based on 421 training
and 280 test video images. The recognition system model provides for the optimization of training and identification
function parameters, as well as changes in the method of measuring the distance between feature vectors (point distance
measurement metrics).

Keywords: neural network, deep learning network, feature classifier, support vector, graphic frame, machine
vision.
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