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KHUPHUII (pancada nokropu (PhD) nuccepranmsicu aHHOTAIUACH)

JAuccepranms MaB3yCHHUHT 10/13ap0Juru Ba 3apyparu. /{ynéaa axoopor-
KOMMYHHUKAIIUSI TEXHOJOTHSJIApU COXacuaa TEJIEBU3MOH TacBUpJApra pakamiiu
UILIOB OepuI skapaéHIapiHI MOHUTOPUHT KWJIHII TU3UMIIAPUHHU SIPATUIITA KaTTa
bTHOOP KapaTHIMOK1a. UIMUR-TEXHUK TapaKKUETHUHT XO3UPTU 3aMOH Japa)kacu
OyTyH nyHEna XaB(QCH3IMKHM caMapalid TabMUHJIAIl THU3UMUHHUHT SHI MYXUM
MexaHu3MJIapuaaH Oupu cudaTuia KOMIbIOTEP/Ia KYpUIl TU3UMIIAPH, KyMIIaJlaH
oOpaznapHu aBTOMATJIAIITUPUIITaH TaHuO OJIWIIT MacaJlaCUHUHT
PUBOXKIIAHTUPWIMIIIMHA ~aMalira OIIMPWIMOKIA. «Xap WWIM aBTOTPAHCIIOPT
BOCUTAJIApU UINTUPOKUAATU Xanokatiapaa 1,3 MuwuinoHaaH 3ué WHCOH XaéTaH
kY3 roMaau Ba 20-50 MUIUIMOH MHCOH TYPJIM TaH )KapOXaTHHU ojaan»', 6y oca V3
HaBOaTH1a aBTOTPAHCIIOPT BOCUTANAPU YUYH MHTEIUIEKTYyall, aTpod MYXUTHH y3U
O0axoyiail oylaguMraH THU3UMJIApPHM HOUIA0 YMKUAII MYXUM axaMmHsaT KacO 3Taju.
ABTOTpPaHCIIOPT YUYH TEJIEBU3MOH TACBUPJIAPHH paKaMJIM MIIIOB OEpHUIll yCyapu
Ba MOHUTOPHUHT KWJIHII TU3UMIIAPH PUBOKIIAHTAH MaMJIaKaTiap, )KyMmiiaaaH XUToH,
AKIII, I'epmanusi, XMHAUCTOH/1a KEHT UIIUIATUJIMOK/IA.

PecnnyOnukamu3na ~ axoiu ~ Ba  aBTOTPAHCHOPT  BOCUTAJIAPUHUHT
XaB(CU3IUTMHU TabMUHIIAII Ba TypJu XaTapiiapHu ¥3 BakTuja Oaprapad sTuiiga
WIMHUI MHHOBAIIMOH XamJa 3aMOHABUHM ayJIuO-BUAECO TEXHOJOTUSJIAPUHHU TaT0UK
ATUIITa ajoxXuja HIbTHOOpP KapaTuiMokda. by Oopaga paauoHaBUTralMoH Ba
TEJIEBU3MOH KypuiManap €piamMuaa aBTOMOOWIUIAPHU MOJEPHU3ALMS KWJIMII Ba
XaB()CU3IMK MOHUTOPUHTUHU 0O OOpHIIA Ce3UIIapiIi HaTHKallapra dpUIIIIHO,
KyMJIaJJaH WHTEJUICKTyal BHUCOKY3aTyB TH3UMIIAPUHHU WILIA0 YMKHUII Wyira
kyiunau. [llynap Ounman Oup KaTopra, )KymiaJaH CTaTUK Ba AMHAMUK (a3oBui
OOBEKTIAPHU MHTEJUICKTyal aHUKJAIl KypHIMajJapuHU 3aMOHaBUM TanmabiapiaH
kenub YMKKAH XOJNAa TaKOMMJUTAIITHPHUIN Tanab STHIMOKHA. Y30EeKHCTOH
PecnyOnukacuHu siHaZa PUBOXJIAHTUPHIN Oyiinua xapakatiap CTpaTeruscuia
« ... Uyn xapakaTu XaB(QCU3IUTUHU TAbMUHIIALLL ... WIFOP aXO0POT-KOMMYHUKAIUS
TEXHOJIOTUSJIAPMHM KOPMH OTUIN Ba ynapaadH (Qolgananuuny’ Basudanapu
Oenrmnanrad. by Oopajga Bu3yan Ky3aTyB TU3MMIIADUHU PUBOXJIAHTHPUIL,
aBTOTPAHCIIOPT BOCUTAJIAPU YUYH CTaTHK-(a30BUIl 0ObEKTIAPHU MOHUTOPUHTUHU
om0 OopHIIa TEIEBU3MOH TAaCBHUpJapra pakaMid HIILIOB OEpUIll TU3UMIIAPUHU
ApaTUIl MyXUM MacajanapJaH oupu xucoOJaHaIu.

Kaxonna Typad TENEeBU3HMOH TACBUPJIAPHU pPaKaMId WIUIOB OEpuIl
TU3UMJIApY, ABTOTPAHCIOPT BOCHUTANApU YUYyH CTaTUK-(a30BUN OOBEKTIapHU
aBTOMATUK aHUKJIAIl Ba TaHUII TU3UMIAPUHU TAKOMWUIAIITUPHUIL MYXUM
Macananapaan oupu 0ynub, 60y 6opama ogaMIapHUHT OMOMETPUK MabIyMOTIapu
épaamMuia yIapHUHT HIaXCUHU UISHTU(UKALUSIAII, aBTOMOOUIUTAPHUHT PaKaMITu
OenrumapvuHd TaHUO OJIMIIHU SIPAaTUII, Ky3aTWIaJWraH >Koijarm xaBdiau
OpeaIMEeTIapHU  aHHWKJIAIIHU TaKOMIJUIAIITUPHIL, aBTOMOOWIb HYyIiapuiaru
TYCUKJIApHU aHUKJAIl THU3UMH, WY OENTWiapuHUA TAHWUIN THU3UMIIAPHHHA HILIa0

! http://asirt.org/initiatives/informing-road-users/road-safety-facts/road-crash-statistics

2 ¥36ekncton PecrryGmuikacu Ipesuaentunnnr 2017 it 7 despanaru [10-4947-con “Y36exucton PecnyOnmkacuum sHana
PHUBOXKIIAHTUPUIL OYiinda XapakaTiiap CTpaTerusic Tyrpucuaa’ ru @apMoHu



YUKUII KaOu MaKcaUii WIMUI-TaAKUKOTIApUra ajJoxXuaa YpTU00p KapaTUIMOKIa.

V36exucron Pecnybrukacu Ilpesupenturmar 2017 iiun 7 despangaru
[1D-4947-con “Y36exnucTon PecryGnukacuHy SHAia PHBOXKIAHTHPHII Oyiirda
xapakatiap crparerusicu tyrpucuaa’tu, 2017 iiun 10 anpenmaru 11D-5005-con
“Nuku unuiap opraHjaapuHUHT (DaoauaTH caMapaJopJIMTUHU TyOJlaH OIIMUPHILI,
’Kamoar TapTUOMHHU, (QyKapojap XyKyKJIapH, SpPKUHIMUKIApW Ba KOHYHHUU
MaH(}aaTnapuHd ~ UIIOHWIM  XMMOS ~ KWIMIIHA  TabMUHJAIINA  YJIapPHUHT
MacChyJUATUHH Ky4YaWTUpHILI 4Yopa-tanoupiapu tyrpucuna’ru dapmonnapu Ba
2010 wwmn 15 nexabpmarm I1K-1442-con “2011-2015 #unmnapna V36ekucTon
PecriyOnukacu  caHOATHMHM  PUBOKJIAHTHUPHIIHUHT  yCTYBOp  HyHaIunuiapu
Tyrpucuaa’tu Kapopu xamaga Maskyp ¢aoiuarra TErHIUId OomKa MebEpHii-
XYKYKUH Xyjxokariapjaa OenruiaHraH BasudamapHU amaira OIIUpHINTra Yoy
JccepTalus TAAKUKOTH MyailsiH Japaxaa Xu3Mar Kujiaiau.

TagknkKoTHUHT pecny0auka ¢GaH Ba TEXHOJOTHUSUIAPDH PHUBOKJIAHUIIN
YCTYBOp HyHaquumuiapura MoOcJMru. Maskyp TagkukoT pecnyOnuka (an Ba
TEXHOJIOTHsJIapU pUBOXJaHUIUHUHT [V. “AxOopornamTupuni Ba axO0poT-
KOMMYHUKAIIUSI TEXHOJIOTHSJIADUHU  PUBOXJIAHTUPHUIIT  YCTYBOp WYHAIUIIN
noupacua OaxapuiraH.

MyaMMOHMHI YpraHujiaranjauk aapaxacu. Cratuk-}a3zoBuil 00bEKTIapHU
aHUKJAIl Ba TaHMILI, XHUCOOJANl aIrOpUTMIIAPHM Ba JACTYpUHl TabMHHOTH,
IIYHUHTJEK JKapaéH MWIUIAIIMHUHT MakOyJl MapaMeTpiiapuHd aHUKJIalauran
xucoOnam Taxpubanapy HATKACUHHU TaxJIMJI KAJIUII Ba (a30BUM OOBEKTIApHU
TaHWII aMajuid MacajajJapuHu €4YMIl >Kapa€HJIapyuHU  aBTOMATIAIITHPUII
HA3apUACUHM UIUIA0 YUKWII Ba TAKOMWUIAIITUPUII Oup Katop onumiap: 3.3aHr
(Xuroit), A.Myan (Xunaucron), bpaitnon (AKII), bepro3s3u, E.Jluto (Xuroii),
T.Oneren (I'epmanust), T.'angu (Xunaucton), [.bpayn (bywok bpurtanus),
B.®aiir, O.®orape, JI. I'eanepu, C.Mpitbank, P.Tcau, P.Hancon, /[.KomOc Ba
Oo1IKka MyayuIi(pJIapHUHT HIJIApHUIa KYPUO YMKUIITaH.

Cratuk-Qa3oBuil OOBEKTIApPHU AHMKJIAIl Ba TAaHUII YHHMBEPCAT TU3UMHUHU
unuiad YUKWl MyaMMOCH OujiaH OOFJIMK TaJKUKOTIap Oup KaTop oJmmiiap
TOMOHMJIAH o0au0 OopwiraHura KapamaciaH SXIIM ypraHuiamaradl 7e0
xucoOnanaau. Moc Mabiymotiap omoOopuaaH GoigalaHuIauran peajn BakT
peXUMIA HCTaNraH CTaTUK-(a30BUM OOBEKTIApHM TaHMILI Y4YyH YHHBEpcal
TEJIEBU3UOH TU3UMJIAP sIpATUILTA OaFUIIIaHTaH WIMHUIA U3JIaHUIIIAP XO3UPTy KyH/1a
eTapJiy Jlapa)kaja KypuiMaras.

Cratuk-(a3oBuii 00bEKTIIAPHUA aHUKJIAI Ba TAHHUIII MyaMMOCHUHU €UUIITHIUHT
SIHTY MYHaIUIM Oyirda TaAKUKOTIap HATHKATAPUHUHT WIIMUN-YCITyOril acociapu
MaB)XyJl TEXHOJOTHUSUIADHU PHUBOXKIIAHTUPHIL YUYyH MYJDKaJUIaHTaH BU3Yall
MOHUTOPUHT KWJIMII Ba BHJIEOKY3aTyB TH3UMIIapu Y4YyH  (piaiMBOpKIap
(Ty3unmanap), ycysuiap, aliropuTmiap Ba 1acTypuil KOMIUIEKCIIAp KEHT CIIEKTPUHU
unuiad YUKWIMIIMHU KY3/a TyTaIu.

TaaKMKOTHUHT AuccepTanus Oa:kapwiran oJIHit TabJIUM
MYyacCACACHHUHI WIMHI-TAAKUKOT HILIAPH pexxajapu OUIaH OOFIMKJIUTH.
Huccepranust TaAKUKOTH TOIIKEHT aXOOPOT TEXHOJOTUSUIAPU YHUBEPCUTECTUHUHT
WIMHMI-TAIKUKOT uliapu pexkacuHuHTr C483-14-“DoTo Ba BUAEO MabiyMoTiapaa
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OJIaMJIAPHUHT 03JIAPUHU TAHWII BA HICHTU(DUKAIIMASIIAIT TU3UMUHYU UIITA0 YUKATIT’
(2014-2015 iiii.) maB3ycHuIaru Jo0MUXacy Toupacuaa Oakxapuiras.

TanKUKOTHHHI MaKcaJgud BU3yall MOHUTOPUHT TH3UMIIAPU YUyH CTaTHK-
¢da3zoBuii 00BEKTIAPHU AHUKJIANI Ba TAaHUO ONMIN >KapaéHUHHU MOJEIIAIITHPHIIL,
aNIropuTMIIapu Ba GpIMMBOPKUHY UILIA0 YUKUIIIaH HOOpaT.

TaakKMKOTHUHI Basudagapu:

XaKUKUI ONTHUK OKMMHH XHcOOiall MPUHIMIK Ba a0COMOT (apK cyMMacu
ycynmuaad  (Qoitmanann®  bpoiineH  ycynuHMHT  6a3zacuaa  cTaTHK-(a3zoBUiA
OOBEKTIIApHU aHUKJIAII YCYJIMHA TaKOMUJIIAIITUPHUILI;

€BKJIUJIT MAaKOHUJATH BEKTOPJU JECKPUITOPJIAp YpTacujaru OypUakIapHH
xucoOnam ycynunan donnganann6, SIFT OGenrunmapuam macmrabiu WHBApUAHT
Y3rapTUPUITHUHT YCYJIWHUHT Oa3acuaa CTaTuk-(pa3oBUl OOBEKTIAPHU TAHMIII
YCYJWHU TaKOMUJUTAIITUPHIIL,

takomwuiamtupunrad bpaiinen Ba SIFT ycymmapu acocuparu Buzyal
MOHHUTOPHUHT TH3UMJIAPU YUYH CTAaTHK-(a30BUl 00BEKTIAPUHN aHUKJIAI Ba TAHHIII
ITOPUTMIIAPH KOMIUIEKCUHU UIIIA0 YUKHUII,

cTaTuk-pa3oBUil OOBEKTIIAPDHU AHHWKIAIl Ba TAaHUII MOHUTOPUHTH YUyH
TEJICBU3UOH TACBUPIIAPHH paKaMJIM KaiTa uiuiam GpIiMBOPKUHH UIILUTA0 YHKHIIL;

aBTOTPAHCIIOPT BOCUTAJIAPU YUYYH BHU3yaJl MOHUTOPUHI THU3UMIIAPU YUYH
cTaTUK-(a30BUIl OOBEKTIAPHHU AHUKJIAI Ba TAHUII KYPHUJIMACHHH UIILIA0 YUKHUIIL

TagkKMKOTHUHT 00bekTHM cudaTuga BHU3yal MOHMTOPUHI  KWJIUII
(BUACOKYy3aTyB) THU3MMIIADM Ba 3aMOHABHH  TEJEBUJEHUE  THU3UMIIApUIA
KYJUTaHWJIQUTaH CTaTUK-(a30BHi OOBEKTIAPHU aHUMKJIAII Ba TaHUII >Kapa&Hiapu
KapaJjras.

TanKUKOTHUHI TpeIMeTH TEJICBU3UOH TacBUpJIApAaru CTaTuk-pa3zoBuid
OOBEKTJIAPHU AHUKJIAII Ba TaHUINIJA KYJUIAHWJIAAWTaH yCYJUIApH, aJrOpUTMIIApH,
BOCHTAaJIapy Ba KypHiMaiapuaaH nubopar.

TaakuKoTHUHT yey/uiapu. Taakukor xapa€Huaa Tax MMM, MaTEMAaTUK Ba
COHJIM MOJEIJAIITAPHIN, AJITOPUTMIIAIN, NAcCTypiall, 3aMOHAaBHH TEIEBU3MOH
TacBMpjapra pakamJid HIUIOB Oepuil, o0O0pa3iapHU TaHUII yCyJUIapuJiaH
dbolanaHuITaH.

TaagKUKOTHUHT WIMMI SHTWINTH Kyiuaaruiapiad noopar:

BH3YyaJl MOHUTOPUHT TU3UMJIAPU YUYH CTaTUK-()a30BU 00bEKTIIapra UIILIOB
Oepuill Ba yJIapHU TaHUII OeNTHIIapUHU MacinTabau naBapuant y3raptupui (SIFT)
QITOPUTMHU  €BKJIMJI MAaKOHUJArW BEKTOPJIM  JECKpUIITOpiap  ypTacuuaru
OypuakiapHu XucoOIaIl OpKaaIu TAKOMUJUIAIITHPHIITAH;

aBTOTPAHCIIOPT BOCHUTAJApU Hysulapuia TYCHUKJIAPHU AaHUKJIAILAA BU3Yyal
MOHUTOPHUHT TU3UMIIAPH YIYH a0COJIOT KaTTAIMK CYMMAaCHHH XHcoOanl EpaMuia
Bpoiinen ycynu TakOMIIIAIITHPUITAH Ba alTOPUTMIIApU UILTA0 YUKUIITaH;

cTaTuk-Qa3oBuil  OO0bEeKTNap OeNrWiIapuHU  MacIiTabid  MHBapHUAHT
Y3rapuiHu Xucoora oJirad XoJ1/1a rpag K MabIyMOTiaap 6a3acu acocua aHUKJIIall
Ba TaHUO OJUII PPIUMBOPKH UILIA0 YHKUIITaAH;

aBTOTPAHCIIOPT BOCUTANApH aTpoduaa BU3yal MOHUTOPUHT TU3UMIIAPH YUyH
cTaTuK-(pa3oBUil OOBEKTIAPHM aHUKJAIl Ba TaHUII TEXHUK KypUIMACHHHHT
TEJIEBU3HOH TaCBUPJIApPTa paKaMIIM UIILIOB OEpHIIl CXeMACH Ba JACTypUil TABMUHOTH
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unuiad YUKUIraH.

TagKMKOTHUHT aMaJInil HATHKAJIAPH KyHuaaruiapaad noopar:

naHopamMajau TAaCBUPHU SpaTUIl Ba TYCUKJIAPHU aHUKJIAIl WMKOHUHU
Oepaaurad aBTOTPAHCHOPT BOCHUTAJIApU aTpoduia cTaTUK-Pa3oBUil 0OBEKTIAPHU
aHUK/JIAIll Ba TAHUIITHA MOHUTOPUHT KWIKII KYpUIMACH UIILJIa0 YMKUIITaH;

BUJICOKY3aTyB Kamepanapuaan (organaHud TYCUKIApHU BU3yal aHUKJIAII
TU3UMHU OWJIaH aBTOTpAHCHOPT aTpoduaa aimana oO030puHU sipaTuil OYitnua
JTACTYypUl TAbMUHOT MIILJIA0 YMKUIITaH;

TEJIEBU3UOH TACBUPJAPHUHT apuM (pparMeHTIapUHU yJall Ba TEKUCIAII
Wynu OunaH MaHoOpaMalid TACBUPHH spaTUIl OyiW4a JacTypuid TabMHUHOT WMILIA0
YUKWJITAH;

BHUJICOKY3aTyB KamMepacu €pJaMHa OJaM O3JIapUHH Ba XUCCUETIAPUHU
aHMKJIAI (JIeTeKTopan) Oyiu4a JacTypHuil TAbMUHOT UILIA0 YUKUIITAH.

TaagKnKOT HATHKAJTAPUHUHT UITOHYJIMJINTHA. TagKUKOT HATUKATAPUHUHT
UIIOHWIWJIUTA ~ KENTUPWITaH yCyJd Ba airoOpuTMiap BuU3yall MOHUTOPHUHT
TU3UMJIApHUA paKaMJIu UIILIOB OCpHUIll AACTypJapu YCTHU/Ia YTKA3WITaH Taxpuoanap
acocujia OJIMHTaH HaTIXXaJlap, BUJEO Ba TaCBHUpJla CTaTUK-(Pa30BUN OOBEKTIApHU
aHUKJIAlll Ba TaHMINJIAaTd COJIMIITUPMA >KaJBaJJlapu OWJIaH TEKIIUPWITAHJIUTH,
bpriiMBOpKHU unUIa cudaTuHU O6axosan yuyyH Hadakar oObEeKTHU aHUKJIAIl Ba
TaHUII, OAJKKM aBTOTPAHCIOPT aTpoduia MaHOpPaAMUK TACBUP SPATHUIL YyCyJap
KYJJTAaHWITAHJIUTH, XaMmJa Takomuulamtupuiradn bpainen Ba SIFT ycymnapu
épramuna cratuk-pa3zoBuil OOBEKTIAPHU XOJaThra (aijgaHMma, y30K, SKUH, Typiau
Oypuak ocTH]1a) KapaMai aHUKJIalIi KCOOTIaHTaHIUTH OMIIaH N30XTaHaIH.

TagKMKOT HATHKAJIAPUHUHI WIMHHA Ba aMajiMil axaMusiTH. TagKukKoT
HATHKQATAPUHUHT WJIMHH  axaMusTd unutad  YUKWIraH — cTraTuk-(pa3zoBuid
OOBEKTIApHU aHUWKJIAII Ba TaHWII (HPIUMBOPK, XAKUKHIA ONTHK OKMM Ba abCOIIOT
bapk iuruHIMCH ycynuaaH Qoiinananud bpaiineH anropuTMu acocumard CTaTHK-
(dazoBHil OOBEKTVIADHM AaHUKJAUl TakoMwulamThupuiaran ycyiu Ba SIFT
OenrujiapHd  MaciITaOdu-UHBAPUAHT  Y3TapTUPUIIHUHT  TaKOMUJUIAIITUPUIITAH
QITOPUTMHU aCOCUJATH CTAaTUK-(Da30BU OOBEKTIAPHU TAaHUII YCYJIUIAH peasl BaKT
Maciitaduia Typiu OOBEKTIapHU aHUWKJAII, TaHWI, Ha30paT KWIKII Ba
MOHUTOPHUHT KWJIUII TU3UMIIAPUHU APATUII YUYH (PoiilaJaHuIl MyMKHUH.

TaaKMKOTHUHT aMajauil axamusTH MOUIad YUKWITaH METOAJIap acocHaa
MabIyMOTIap oMOopuaaH (QoinanaHuIaAural HCTaraH  CTaTUK-(Pa30BUi
OOBEKTIapHU aHUKJIAII Ba TAaHUII YIYH MOC JacTypuil TaAbMUHOT Ba MaHOpaMaiu
TACBUPHU SIPATHUII Ba TYCUKJIAPHU aHHUKJIAII UMKOHUHU OepaJiraH aBTOTPAHCIIOPT
BocuTanapu arpoduma craTuk-Ga3zoBuil OOBEKTIAPHU AaHUKJIAII Ba TAHWIIHU
MOHUTOPHUHT KWJIHUII KypUIMACH UILIA0 YMKHUIIIIaH nOopar.

TaagkuKOT HATWKAJAPUHUHT Kopuil KwinHumu. Cratuk-¢ha3oBuii
OOBEKTIIapHU aHWKJAIl Ba TAHWII MOHUTOPWUHTHIA TEJIEBU3MOH TacCBHpJapra
paKamIIi UIIUIOB OEpHIIl aIrOPUTMIIAPHU Ba JACTypUi TAabMUHOTIAPU acoCUa:

BHU3yaJl MOHUTOPUHT TU3UMJIApU YUYH CTaTUK-(pa30BHUIl O0OBEKTIapra UIILJIOB
Oepull Ba yJIapHU TaHUII OeArujapuHu MaciuTadiu uaBapuanT y3raptupuul (SIFT)
ajNropuTMIIapu xXamja a0COIIOT KaTTaJIMK cyMMacu Oazacuaa
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TaKOMWUIAIITUPWITaH bpaiinen ycynnapu acocuja unmad yukuiaran GppiimMBopk
“UNICON.UZ” JVYKra xopuii stmiran (AxOOpoT TeXHOJOrusjapy Ba Ba
KOMMYHUKAIUSIAPUHA PUBOXKIIAHTUPUII Bazupauruaudr 2017 itun 10 oktaOpaaru
33-8/6817-con MabiaymoTHOMacu). Hatmxaga Mapka3 OWHOCMHUHI KHPUII
KHCMHJIa JKOMJIAIraH Ky3aTyB KaMepalapud OpKalu XOJUMJIApHU aBTOMATHK
paBUIIIa aHUKJIANl Ba KOPXOHAaJa MOHUTOPHUHI Yapa€HWHH AaBTOMATIAIITHPUII
Xam/ia KOpXOHAHUHT Kajpiap OYJIMMUHM UIUIall caMapagopiauruau 1,5 6apoBapra
OLLIMPUII UMKOHUHU Oepras;

aBTOTPAHCIIOPT BOCUTANAPH aTpoduaa BU3yal MOHUTOPUHT TU3UMIIAPH YUYH
CTaTUK-(Pa30BUIl OOBEKTIApHM aHUKJAIl TEXHUK KypuiaMacu Ba JacTypui
tabMuHOTH “GEO2 Technology” komnanuscu dhaonustura a3pohoTo TaCBUPIAPHU
aBTOMAaTUK YMyMJIALITHPUII Ba MaHOpPaMHUK TacBUp sparuuiia (oiganaHuiral
(AXOOpOT TEXHOJOTUsJIapy Ba Ba KOMMYHUKALMSUIAPUHUA PUBOMXIAHTHPULI
BasupauruHuHr 2017 #mn 10 oktabpmarm 33-8/6817-coH MabiyMOTHOMACH).
Hatmxana a’podoTo TacBUpjapHUM aBTOMATUK YMyMIIAIITHPUII Ba MAaHOPAMMK
TaCBUP SPATUIIAA KOMIIAHUSHUHT MeXHaT yHymuopiuruHa 10-15% ra ommpuin
MMKOHUHU OEpraH.

TaakukoT HATHKAJTAPUHUHT anpoOanusicu. Ma3kyp TaaKUKOT
HaTWXKaNapy, XymiajJaH § Ta Xajakapo Ba 3 Ta pecnyOiuka WIMH-amanui
aHKyMaHJapuia MyXoKaMaJlaH YTKa3uJraH.

TagKUKOT HATH/KAJAPUHMHI IbJOH KWIMHTAHIMIHA. TaJKUKOT MaB3yCcH
Oyiinua >xamu 25 Ta WIMHNA WII 4YON OTWITaH, IIyJap/aH, V36exucron
PecnyOnukacu Onuii arrecTansi KOMUCCUSICHHUHT JOKTOPJIMK JUCCepTalusIapu
acoCMil WJIMMH HATWIKAJIIAPWHU YOIl ATUII TaBCUs ITWITAaH WIMHKM HalpJapaa
10 Ta makoma, 1 Tacu xopwxuil Ba 9 Tacu pecnyOnuKa XypHautapuja Hauip
KWIMHTaH xamaa 3 ta XM y4dyH sipaTWraH JacTypuid BOCUTAIAPHU KAW]l KAJIHIII
I'YBOXHOMAJIApHU OJIMHIaH.

JluccepTanMsCHHUHT TY3WJMIOM Ba Xaxmu. Jlucceprauus xupuui,
TyprTa 0600, XyJnoca, QolganaHwiran agabuérnap pyhxarugan wuOopar.
HucceprauussHUHT XakMu 120 OETHU TaIIKKUII STaIH.

JIUCCEPTALIMSIHUHT ACOCUM MA3MYHH

Kupum kucmuna Y3Gekucton PecryGmukack (aH Ba TEXHONOTUANAPH
PUBOXJIAHUIIMHUHT YCTYBOp WYHAJIMIIJIApUra MOC KeJIaguraH JHUCCEePTALMOH
TaIKUKOTIAPHUHT JOp3apOMrd Ba 3apypJIMTMHU acociall, Makcajjap Ba
BaszudatapHu IIYHUHTJEK, OOBEKTIap Ba MpeaMEeTIapHU TaBcuam, HUIMUAN
SHTWIMTY Ba aMaJIMM HATWIKAJIAp, HATHXKAJApHUHI WIMHM Ba aMaJIMM aXaMUsTH,
Halp OTWITAaH WOUIAp Ba JUCCEPTAMs TY3WIHIIA Oyinda MabIyMOTiIap
KEJITUPUJIITaH.

HucceprauustHuar — “CraTuk-Qa3oBuii  00beKTJIAPHHM AaHMKJAIl  Ba
TAHUIIHUHT MABIKY/J MeTOJIAPH Ba aJrOPUTMJIAPUHMHT HIAPXW Ba TaXJIuian”
ne0 HOMJIaHTaH OMpHHYM O000MJIa MaBXyJl yCYJUIAapHU IIapXy Ba TaXJIMJI KUJIHII
KEJITUPUITAH, LUTYHUHTJEK MYaMMOHUHT J0J13apOnuru acociaHaIu.
TabkumilaHaINKYA, KOMIBIOTEPAA KYPUHUIIHUHI DHI MYXHM HyHaIUIUIapUIaH
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Oupu OOBEKTIIApHW aBTOMATJIAMITAPWITAH AaHUKIANl Ba TAHUII Macajlacu
xucobnanaan. Macananuar MyBa(GakusITIA SUMIIAIITN THTSITIEKTYal TU3UMIIAPHA
UIUIa0 YUKMIL, TAIKM MYXMTHH MYCTakui Oaxojiail onuil Ba yHAa doinanu
UIUIapHu Oakapa OJuIl YUyH 3apyp Oynaau.

Typau ctaTuk-pazoBuil 00bEKTIAPHU aHUKJIAII Ba TAHUIL Macaiajapu Kypuo
yuKuiaaau. TabKuaanaHaIuky, aHUKJIAIl Ba TaHUII WYHAIMIUIApU opacuaa OuTra
ATAJOH TACBHp aJIOXUJA YPUH drauiaian. by MyaMMOHUHI €UYUJIMIIM KaTop
KUMMHYUIUKIAPHU TYFAUpagu. XyCycaH, MaBxXKyJ OOBEKTIApHU aHMKIAll Ba
TaHUII aJITOPUTMIIApH, arap Tu3uMaa (akat OuTTa FTaNoH Oyitmya MyMKUH OYiica,
V3 MILIAl KYPCaTKUYJIAPUHU CE3UIIapian EMOHJIAIITHPAAN. TU3UM YPTraHUIUILIUHA
Tanad KujJaJaurad Kyrmiad MaBxy/] aaropuTMIapHUd Oy MyaMMoO Joupacujia Kymuiad
oynmaiinu. [llyaunraek, Hagakat OuTTa TacBHpa, OaJKH BHIEO MabIyMOTIIap/a
OOBEKTIapHU AaHUWKJANl Ba TaHUIIAA KAaTOp MYyaMMOJAPHUHT MAaBXKYIJIUTH
TabKuANIaHagu. MyamMmo IIyHIaH MOOpaTKH, BHAEO MablyMOTiap 0ab3aH EMOH
cudarra sra 6ynaau, y3rapyBuaH OYJIUIIN MyMKHUH, IIYHHUHTJIEK BUJIEO0 OKUMJIAru
oObeKTIap Te3 XapakaTJIaHWIIM (MacajlaH, aBTOMOOWJIIap, CaMOJETIap Ba X.K.)
MyMKHH. By xakna ma3kyp MyamMmora OaruIllIaHTaH sSTHT'M MaKoJiajap COHU Oyiinya
XYKM YUKapUIIl MYMKHH.

HucceprauussHuHr “CraTHK-(a30BUid 00bEKTJIAPHU AaHUKJIAI BA TAHUII
ajiropuTMiiapu Ba Gp3iiMBOPKH KOMIIJIEKCHHHM MILIA0 YMKUII” 1e0 HOMJIaHTaH
UKKUHYM 0o0Ouja unuiad HMKWIraH OOBEKTIApHU TaHUII YCYJIU acoCHaaru
takomwutamtupuwiran SIFT anroputmu taBcuduiananu. OObEKTIApHA aHUKIIAII
yCyJMacia Ha3apuii OKUM YpHUTAa XaKUKWAWA ONTUK OKMUMHH XucoOmam Oyinda
anroput™ial (QodganmaHum Wynu OuilaH ONTHUMAUIAINTHPUITAH Ba WKKUHYH
0ocKHMY/Ia Ha3apuii OKMM OWJIaH TaKKoCiIaHaau. bpelinen Moaenu Ha3apuii OKUMHU
xucoOJanira acociaHrat, sbHU KaHJauaup oObeKTiaap OyiaMmailauran caxHa y4yH
OKHMM MaTpHUUACHU sIpaTWiIa[u. by yCyJIHHMHT MyaMMOCH IIyHJaH uOopaTku, Oapua
CUPTJIAp TEKHC Ba HJeaNl XOJUIap y4yH Myipkaymadrad. llyHunr ydyH Hazapui
OKMMTa Kaparaija XaKkukKuil ONTUK OKUMHH XHucoOnamgad GoiganaHuin Kaapaara
OOBEKTIAPHUHT KOMIAIINII YPHUHU aHUKPOK XUcoOJalira MMKoH Oepaiu.

KomneloTepna KypuHMIa KEHr  MIUIATUIAIUTAH  ONTUK  OKUMHU
xucoOnamHuHr auddepennman jgokan ycynau - Jlykac-Kanaga anropurmmuian
dbornananuI TakIug THIAIN.

OnTuK OKUMHUHT aCOCUN TEHTJIaMacH MKKUTa HOMabJIyMJiapra 3ra Ba Oup Xui
UMM MYMKUH 3Mac. Jlykac-Kanama anroputmu Oup X SMaciaukHHA xap Oup
HYKTaJaru KyIIHA MUKCEUIap XaKuIard MabiyMoTIapJaH (hoigananuin Xxucoonra
yernab yraau. Ycyn Xap Oup NMUKCETHUHT JIOKAJl TeBaparuja ONTUK OKWUMHHHT
KUMaTH OWp XWUIMTMHU Ky34a TYTHUINTA acoclaHTaH, IIyHaaid KuiuO, Oapua
MUKCEUIap TeBapakjapd y4yH ONHUK OKMMHUHI aCOCHMW TEHramMacuHu €3ull Ba
OJIMHFaH TEHIJamMajaap TU3UMHUHM DSHI KHYMK KBaJpaTiap yYCyJId OpKalu
CUUIIIMYMKHH.

[, J KyapaHr rpajanusuiapujia MKKM YiIdaMid TacBUpJap XucoOjaHaIu Ba
X = (x,y) TacBUpAary NMUKCEITHUHT JKOMIAIINII YPHU XUCOOIanaau 1e6 omaMus.
VY xonma 6usna Kyuuaara TeHIrJIaMaHu OJIAMH3:

1) =1(x,y) W/ (X) =] (x,y)
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[lukcenmHUHr OKOpUAAH yvangaru Oypuaru BekTop koopauHataiapu (0,0)
XUcoONaHagu. 1y Ba #, MOC paBHIIJa TACBUPHUHT KEHTJUTH Ba OajaHIIUTU
xucobnanaan. [IMkcemHUWHT macTaaH Yanjgaru Oypyard BEKTOp KOOpAMHATaIapu
(nx— 1, n,— 1) xucobnaHaau.

Bupunu [ tacBupparuil = (ux, uy) aHUK OWp HyKTaHH KypuO YUKAMU3.
Benruiap XxapakTepuCTUKIAPUHM Ky3aTHIIIaH MaKcal MKKUHYY J TACBUPAATU U =

u+ C?BCKTOpHI/IHF YKOMJIAIIUII YPHUHU TOIHMIL XUCOOTaHAH.

bynnan Tamkapu, y SHa WHTErpalMsUIaHUII OWHACU JEHWIaJuraH HKKU
ymuammu dpazonaru I (U)BaJ (V) TacBupnap EpKUHIMKIAPY OPACUIATH YXIIAIUTAKHN
aHUKJIAIl MyXUM.

.
W,Baw, 0y UKKUTA OYTyH coHiap OyiacuH. £d OOFIaHMACIUK (QYHKUUICHHU

-
MUHUMAJUIAIOTUPHUIIT BEKTOPU CI/I(i)aTI/II[a TAaCBUPHUHT d CUIDKHIITUHU aHHKHaﬁMHS,

y KYﬁHﬂaFH Tap3aa aHUuKJIaHaau:
Uy TWe Uy Ty

e(d) =e(de,dy) = > > (I(zy)— J&+de,y+dy))°.

T=Up —We Y=Uy — Wy

Oy epaa w,Baw,, - MHTETPALMOH OWHA yI4amiIapu.

OOBEKTHUHT XapaKTePUCTUKAIAPUHN aHUKJIAI Ba TAHUII YIYH MacIITa0IH-
MHBAapUAHTXAPAKTEPUCTUKATAPHU  MoAM(UKanusuianrad  y3raptupum  (Scale
Invariant Feature Transform, SIFT) anroputmu unatwnanu. by anroputm Tomun
KYPUHUIIUAATH UCTAIraH OOBEKTIAPHUHI XapaKTepUCTUKAJIApUHMU (aJloxujaa
HyKTaJJapUHH) aHUKJIAIra UMKOH Oepaau, YyHKH yinap Oapua y3rapThpuIiuiapra
(appun  y3raprupumnapra, EpUTIWITAHIMKHUHT, KamMepa XOJaTHHHHT Ba
IIOBKMHHUHT Y3rapululapyura) MHBapHaHT XUCOOJaHaIu.

SIFT anroputmud Ta Kucwmiapra OynuHanu: 1) rayccuaH Ba yJIapHUHT
dapkiiapy  nupamugacuHd  Kypum  (0y  Kazamaa — MaciTaOsialTHpPUINTa
WHBApUAHTJIMK TabMHUHJIAHAAM); 2) SKCTpEMyMJapHU aHUKIalI, 3) ajaoxuja
HYKTaJapHH AHUKJIAIITUPHILL; 4) 00BEKT XapaKTEePUCTUKATAPUHUHT
WyHanMnuiapuHu  aHukiam (OypwiMilra HWHBAapUAHTIUK TabMHHIIAHAIW); S)
JNECKPUIITOPJIApHU  KypHIl (EPUTWITAHIMK, LIOBKUH, Kamepa XOJaTHHUHT
y3rapuiura THBApUaHTIMK TaAbMUHIAHAIN).

bapua xapakrepuctukanap (Oenrunap) opacumarumacodanu xpcooOnam Ky
BaKTHHU OJIaJid. by BekTOp OENTHIIApUHUHT CKAJIAp KYyNauTMacUHU TOMHUIITAKIU(
TUIIAAM, Oy BEKTOpJap opacuaard MacodaHu TONUINTra KaparaHjaa ce3uiapiu Te3
Ba nmoHwin 6ynanu. lllynunr yayn 6enrunap opacugaru macoda yxmam 0yaumm
Ba MOC KeaMaciauk OYynuO YTUIIM MyMKHUH, JIEKUH Oelrmiap opacujuard Oypyax
nouMo Typauda Oynmaaum. Ckamnsp KymalTupuil Ba Oenruiap opacuuaru Oypuak
Kyluaard uysa OuiiaH aHuKJIaHaIu:

n
a-b= Z a;b; = a;by + a,b, + -+ ayb,

i=1

9 ( a-+b )
= arccos | ————
lallllpll
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Keiinn naB6ataaru ityn Ounan sIKWHAAryd KYIHu Oypyak oJAuHIaH Oepuiran

K03 uImeHTra Kaparanjaa KHauk K03 QUIeHTra 3rajlury TeKIUPUIaIu:
O<pred.ratio

Acn SIFT anroputmuaa dakaT SKUHIArd KYIIHW opacujaard Oenruiap
Macodacu TaKKOCJIaHTaH Ba SHT KHYMK KHIMAaT TaHJaHTaH. MoaudukanusiaHraH
SIFT anropurmupaBexkTop Oenrunapu opacujaru Oypuakiiap TaKKOCJIaHaIH.
[yHuHrAeKk XaTo TaKKOCHAIIHU KaMaWTupuil Ba ¢akar mycOaT KuilMaTIapHU
KaOyJ1 KWJIMII YYYH “‘Tanuiad robopumn’” yuyH Macodanap HUCOATH HIILIATUIITAH:

Al < A2 X DisRatio

OpeiiMBOpK Kyiluaaru KucmiiapiaH uOopaT: KUPYBUYM TacBHp OJIOKH,
OOBEKTIIApHU AaHUKJAIl OJIOKH, OOBEKTIApPHU TAaHMUII OJOKH, IIYHUHIACK
HATHXKAJIAPHU aKC dTTUPHUII OJIOKH.

TacBupnap kerma-kernuru (BumeoMabiymoTiap) "Input Video Data"
onokuaan "Object detection" Omokura kenu® TymraHaa, Kaapiaa OOBEKTIApHU
TONUII YYyH TaKoMWUIamTupuwiran bpeinien anropurmuaan QoiinasaHuIaau.
ByHuHT yuyH aBBaj KaHJauaup npeameTiiap €Kku TYCUKIApcu3 Oy Hyiaa OnTHK
oxuM moaenu (“Optical flow model” block) monenu xuco6mananu Ba keiins (“Real
optical flow” block) onTuk okumuan xucob6mam yayH Lucas-Kanade anroputmunan
doiimananu0 TacBup/a OOBEKTIapra dSra XaKUKUH ONTHK OKUM XHUCOO-KHUTOO
kmwinHaau. Cyarpa "Sum of absolute difference" Omokuma Mojenb Ba XaKUKWAN
okuMIIap ypracuaaru dapk Tonuiaaar, 0y 3ca 00beKT aHUKJIAHTAHJINTH KMKOHUHU

oepanu (1-pacm).

Object detection Object recognition
(Imprclwed_ Eraillion (Improved SIFT
algorithm) algorithm)

Y

A A

Theoretical gpllical flow Difference of o Extreme point
moce Gaussian extraction
v
Real optical flow model : = R
. Orientation = Key point
(Lucas-Kanade algorithm) assignment N localization
v A4

Sur:;’:ff absolute Display results Build ke_y point
ifference descriptor

1-pacm. @peiiMBOpK 0JI0K cxemMacH
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Keiinarn xagam 0ynu6, ga3zo odbexTnapuau Tanum xucobnananu. "Object
recognition" 610ku y3uaa takomuutamtupuiaran SIFT anropurmu acocuaaru 6up
HeuTa kapaCHJapHU V3 MuMra ojaau. ABBaJl rayccMaH NHpPaMUJACU Ba yJap
TypJapUHUHT TYy3WJIUIIM aMajra owmupwiagyd. by Kagamaa MaciuTaOliMKKa
WHBAPUAHTIWIMK TabMUHIaHaAu. CYHIpa 3KCTpeMyMIlap aHUKJIaHAIA Ba allOXH]1a
HyKTaJjap aHUKJIAIITUPUIIAIH. Keiinn alulaHuIIra  WHBAPUAHTIIMIIUK
TabMHUHJIAHAAUTaH AJI0XH]1a HyKTAJJApHUHT OpUEHTalMsICH aHuKi1anaau. Hatmxkana
JECKpUNTOpaap Kypuiaau (EpUTULI, MIOBKUH Ba KaMepa XOJaTUHUHT Y3rapuIIura
MHBAapUAHTIWINK TAbMUHIIAHAIN).

HMucceprauussHuHr  «CraTuk-(pa3oBuili  00beKTJIApHM AHMKJAII Ba
TAHUIIHA MOHMTOPHUHT KMJIMII KYPWIMACHHM HILIA0 YMKHID) 1€0 HOMJIAaHTaH
yurHYY 600u/1a Maxcyc Uiutad YUKUITaH KypUIMaHUHT TaBCU(U KEITUPUIITaH.

2-pacmya oOBEKTIApHU aHUKJIAINl Ba TAHWUII YUYH KypHJIMaHU OJOK-CXeMacH
kentupwiran Ba y «Wide-angle Cameray», «Ultrasonic Sonar», «Sonar Control
Unity, «Image Processing Unit» Ba «Display» kabu OnokiapiaH TamKuI TONTaH.

Signal

Communication Signal Ultrasonic

< > iifiaga Communication Sonar Sonar

Display Processing | » Control <
“t Unit Unit

Image Signal Ultrasonic

A Sonar

Image Signals

Ultrasonic

Sonar
Wide-angel Wide-angel Wide-angel Wide-angel Ultrasonic

Camera Camera Camera Camera Sonar

2-pacM. O0beKTIapHHM aHUKJIAII BA TAHUII KYyPHJIMACH

«Wide-angle Camera» Moaynu (KeHT KaMpoBiau Kamepiap). Kamepamap
aBTOTPAHCIIOPT BOCUTACHMHMHI 4Ta TOMOHHMJA MaxKamJlaHaIu Ba OJIMHAETraH
tacBupiapuu «Image Processing Unity moaynura y3aTaau.

«Ultrasonic Sonar» Momynu (yibTpa TOBYII coHapiiap). Maskyp coHapiap
aBTOTPAHCIIOPT BOCUTACUHUHT aTpoduard TyCUKIApHH aHUKJANIA KyJUIaHUJIAu
Ba OJIMHTaH MabiayMoTiapHu «Sonar Control Unity momynura y3araau.

«Sonar Control Unit» moaynu (Conpanapau 6omkapui 6;10ku). Maskyp 610k
6apua «Ultrasonic Sonar» conapiap/ia KeJlran MabJIyMOTIapHH y3U/a KamIaiau Ba
aBTOTPAHCIIOPT BocuTacu aTtpodumaru (pa3zoBuil OOBEKTIAP XaKHUJa MATyMOTHHU
«Image Processing Unit» moxynura ro0opaiu.

«Image Processing Unit» Mmoaynu (TacuBpiiapu KaiTa viam 61o0ku). Maskyp
ONOK KypWJIMaHUHT aBTOTPAHCIIOPT BOCHUTAcH aropuduga MaHOPAMUK TaCBUP
SpaTHIl y9yH a0CCUW KOMITIOHEHTIapuaaH Oupu xucobmanaau. Mmad yukunran
TacBupiaru OenrunapHu Macimtabnu wuHBapuant SIFT anroputvmu Epmamuna
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TacBUpAAru Oenruwiap aHUKIaHaId Ba COMUIITUPUIAIN.
«Display» w™omymu ([ucmneit). ABTOTpacHmOpT BocuTacu atpoduma
MaHOpaMUK TaCBUPHU Ba TYCHKJIAHU KypCaTaJIy.

Hucceprauustiuar  “Mowiad  YHKWITaH TU3MMHM — TecTJalml  Ba
TaxkpuOaBuii O0axojam” 1e0 HOMJIAHTaH TYpTUHUM OoOuma Taxpubdbaniap Ba
KOMIIBIOTEP/Ia CUMYJIALMSIALT HATHKATapy KEITUPUIITAH.

Nnmuit Taxxpnba TaAKUKOTIAPUHM YTKA3UII MAKCAIUAA OJlaM FO3JIApUHUHT
0azacu, WMHCOH Xuccu€riaapu 0a3acu Ba aBTOTPAHCHOPT BOCUTANApU pYHxar
pakamuiapu 0azacu kabu cTaTuK-(pa3oBHil 0OBEKTIAPHUHT MabJIyMOTIap Oazanapu
MIAK/UIAHTUPWITaH. YKUTUII Ba KIACCUDHKATOPHM TECTAAH YTKA3uI Basubacu
YUyH Typiu MaHOaapjaH WUFUITaH Y3Ura TeruILd TacCBUpIap 0a3acu Ty3UJIH.

OHIM TypJiM TaHUII yCyJUIapu Ba anroputmiapuHuur, aitHan SIFT, PCA-
SIFT anroputmiapuHUHT Ba MoauuUKanusiaHran Ba Takaug stuirad Modified-
SIFT aarOpuTMUHUHT caMapaJopJIMKIApUHA 0axoJiall HaThKajlapyu KeITUPHIIAIH.
By TanKuKOTIapHUHT YTKa3WIUIIKJIA TEKIIUPUIMAraH HOAHUKJIUK [apouTiapuia
TaCBUPJIADHU KaWJ ATUIIAA, allHaH KalJ STUIaguraH TacBWJIapJa MacIITaOHUHT
Y3rapuiiu, Oypyakiv WYHATUITHUHT Y3rapyilli Ba CATHAIHY IIIOBKUHTa HUCOATUHU
y3rapumyaa — TYFpU  TaHUII — DXTUMOJUIMTA ~ ME30HM  Oyinuya  TaHWII
AITOPUTMIIAPUHUHT caMapaJopIUKIapruHU 0axoJialll aMmaira OMMPUIIIN.

TaakukoTiap coHnu Taxxkpubanap >kapa€Husia Ky BapUAHTIN TaXJIWI KUIJIAILI
Uy opKajii MaTeMaTUK MOJICJUTAIITUPUII yCYIUOWIaH YTKa3uinau. byHuHr yuyn
MATLAB wmyxutuga nacTypuii TabMHUHOT HWILIA0 YMKWIIW, YHAAQ FOKOpHJA
TaBCU(IIaHTaH OOBEKTIAp KOHTYPJAPUHU QXKPaATUII Ba OOpa3lapHU TaHMII
aNrOpuUTMIIApHU UILIATHIITAH.

bapua TecTmam TacBupiapu TYIIamiapd y4yH OOpas3iapHA  TaHMII
AITOPUTMJIAPUHUHT CaMapaJIopJIMCd TECTJAlll TAaCBUPJIADUHU MabiyM cuH(ra
TETULUTWINTH XaKuJa TYFpU KapopJiapHU KaOyJl KWIMHHUIIM YacTOTACH OpPKaJIH
0axoJjaHaUraH TACBUPJIAPHU TYFPU TAHUII YXTUMOJIJIUTH OPKAJIU XapaKTepJaHIu.
dowusznapaa udoganaHraH TaHUII SXTUMOJUIMTMHM Oaxojaml Kyhuaaru gopmyia
OpKaJIu aHUKJIAHAU:

N?’

P=——.100%

0
Oy epl1a N,—CHUHOB/Ia TECTJIAIL TACBUPJIAPUHU OCPUIIUILN]IA TYFPH-UKOOUI SIKYHIIAp
COHH, Ny—CUHOBJA TECTJIALI TACBUPJIAPUHU OEPUIIUIIN COHHU.

l-xxanBanma SIFT, PCA-SIFT amroputmiapu Ba MoauduKanusiaHraH
Modified-SIFT  anroput™Mu opKaJd  O€NTrMIapHU  AXPATHUILIA,ITYHUHIACK
JacTiaOKu TacBHpiap MaclTabiapy Ba Oypyakiy MyHanuIIM Yy3rapuiljiapuaa
TYFPU TaHUIL HXTUMOJUIMKJIAPU KUUMATIApU KYPUHULIUAA COHIN TaXpUOaTapHUHT
HaTKaJapy KeJITUPUIITaH.
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1-xamBan

Typan anropurMmiaap opkKaau 0eJrujJapHu a:KpaTUIIAA, ITYHUHTAEK
AacTJa0KM TaCBHPJAp MacIITA0/1apu Ba OypUaKIH i yHATHIIH
BapUALMSJIAPUIA TYFPU TAHUII IXTUMOJLTHKJIAPH KHiiMaT/Iapu

Tecram Tymravu Tanui YXTUMOJLJINTH
PCA-SIFT Modified-SIFT
TypH SIFT anropurmn
AJITOPUTMH AJITOPUTMH
M=1.00 100% 100% 100%
M=0,75 82,5% 95% 95%
M=0,5 50% 70% 82,5%
6=0 100% 100% 100%
6=20° 92,5% 100% 100%
6=30° 90% 95% 97,5%
6=45° 82,5% 95% 95%
6=60° 90% 95% 97,5%
6=80° 90% 95% 100%
6=90° 90% 100% 100%
2-KaIBajl

JlacTiiadku TacBHpPJIapAa CUTHAJHUHT IIOBKUHIa HUCOATH Y3rapuimnaa
TYPJIM AJITOPUTMJIAP OPKAJM KOHTYPJIAPHHU A:KPATHIMIIMAA TYFPH TAHW LI
IXTHMOJUIMKJIAPU KMAMATJIapu

Cur-a;jiHu Tanum 3XTUMOJJINTH
IIOBKUHTA PCA-SIFT Modified-SIFT
SIFT anropurmn
HHUCOATH AJITOPUTMH AJITOPUTMH

17 90% 92% 95%
10 59,5% 77,5% 80%
7 45% 65% 68%
5 33,5% 45% 45%
3 25% 39,5% 40%

2-xanBangadH kenuO uwkamuku, SIFT anropuTMu CHrHaJIHM TIOBKHHTA
HUCOATH KUWMaTH KaMmailraHuJa TacBUpAA TaHUII JXTUMOJUIUTHHHU CE3WJIAPIIH
nacaiumm 0ynu6 yramu. PCA-SIFT Ba Modified-SIFT anropurmiapu agauTuB
IIOBKMHUHT TabCcUpUTa Oapkapoppok, omHoOapuH, Modified-SIFT anroputmu
OpKaJIi yerapaiap aXpaTHJIUIIKIA SHT XA HaTWKajaapra dpUIAIaan.

XVYJO0CA

“Cratuk-pa3oBuil OOBEKTIIADHM AaHMKJAIl Ba TaHUII MOHUTOPUHIHUAA
TEJIEBU3UOH TacBUpJlapra pakamjid WIUIOB Oepuil THU3UMH®  MaB3yCHAAru
JOKTOPJUK JAHMcCcepTauusacu Oyiinya oiaud OopwiraH TaJKUKOTIAp HaTHXKacuaa
KyWHIary XyJocajnap TaKJIUuM 3THIIN:

1. Xakukuil ONTHUK OKMUMHHM XucoOijam Ba aOcoioT ¢GapKk HUFUHIUCU
Metouiapuaad  doigananu6d bpoiimeHn Momenu  acocuga  cTaTUk-Gha3oBUM
OOBEKTIApHU AHUKJIANl YCYJIH TaKOMWJUIAIITUPWITAaH, YHUHT XHCOOWTa IIyHTa
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yxmwam meroanapra HucOaraH 1,5 OapoOap aHUKJIAIIHUHI FOKOPH AHUKJIUTHUIA
APUILXII UMKOHUHU O€pajiu.

2. Moc mabnymoTiap 0azacuian doinananuinagurad (a3zoBuil 00bEKTIAPHU
aHUKJAIl Ba TaHMILI YYyH YHHMBEpcasl Qp3UMBOpK (Ty3wiiMa, OJOK-CXema) HIILIao
YUKWIraH. Maskyp yHuBepcan (pp3MMBOpPK WIK OOp WMHCOHJIAPHUHT l03J1apu Ba
YJIIAPHUHT XUCCUETIIAPUHHI, aBTOTPAHCIIOPT aTpouaaru TYCUKIApHU aHUKJIalga Ba
NaHOpaMalii TAaCBUPHU SPATHINJIA XaMJla aBTOTPAHCIIOPT BOCUTAIIAPUHUHT J1aBJIaT
paKamJIapUHU aHUKJIAIl UMKOHUHU SIpaTa/iu.

3. ABTOTpaHCHOPT BOCUTACH aTpO(UHU BU3yasl MOHUTOPUHT KUJIUII TU3UMU
yuyH ($a30BHil 00BEKTIAPHU aHUKJIAII KypriiMacH niuiad ynkuiran. O0beKTIapHu
aHUKJIAII KypUJIMacuaH KeHT OypUakiii KamepaiapaaH TalKapy, yJIbTPaTOBYIILIH
coHapiap doigananunrad 6ynud TyCUKIapHu 2 6apoBap Te€3 aHUKJIAIl HMKOHUHU
oepanu.

4. THCOH IO3JTapUHUHT TaCBUpJapH, aBTOTPAHCIIOPT BOCUTAJAPUHHUHI JABJIAT
pyiixaTumaH YTKa3wiraH pakamyiapd KaOu  MOTeHIuan  OOBEKTIAPHUHT
MabIyMoTiap Oa3acuaa Wak/ulaHThupuiarad. HaTwkana Oomka MabiyMoTiIap
Oazanapura OOFIMKJIUK KaMauTUpaIu.

5. TakoMWUIAIITUPWITaH YCyJUIap acoCHAa AaBTOTPAHCIOPT BOCHUTAJIapU
aTpoduia maHOpaMalu TACBUP SAPATHUI, TYCUKIAPHU aHUKJIAIll, THCOH 03U Ba yJiap
XUCCUETIIAPUHU, aBTOTPAHCTIIOPT BOCUTAJIAPUHUHT JIaBJIAT paKkaMJIapUHHU aHUKJIAIll
KaOu JacTypuil TabMUHOTJIAp unwiad uyukwirad. by Hatmxamap ¥3 HaBOatuia
V36eKkucTonIa  JacTypHil TabMHUHOTIAP OO30pHAA OSKCIOPT YPHUHHM GOCHII
UMKOHUHHU SIPaTaIu.

6. TakoOMWJUTAIITHPWITAH yCYJUIap Ba arOpPUTMIIAP acocuja oud OopuiraHn
Taxxpubanap HaTHWXKacuaa CTaTUK-(a30BUi OOBEKTIAPHU aHUKJIAII Ba TAHUII YIYH
KeTraH BakT 1,4 ceKyHIHH Takui 3Taau Ba 97,5% ¢ous TyFpu aHuKIaIl IMKOHUHA
oepanu.

7. ¥36exucTon Pecry6iIikach HKTUCOMETHHUHT TyPIIH COXaTIAPHIary BU3yall
MOHUTOPUHT KMJIMII TU3UMIIAPHU YUYH UITa0 YUKWITaH MEeTou1apaaH (hoijananuiil
Oyiinua amManuii TaBcHsUIap UWOUIA0 YUKWIOAM Ba aManuérna V36ekucron
PecniyObniukacu wWuyku uwnuiap  Bazupauru - tuzuMuga  “‘Xasdeus  maxap”
KOHUEMIUSACUHI PUBOXKIAHTUPUII UMKOHUSTUHU SApaTaIH.

8. Buzyasi MOHUTOPUHT TU3UMU YUYH HIILIA0 YUKUITaH OOBEKTIApHA aHUKJIIAII
Ba TaHUI (PPIUMBOPKHU acoCH]la OJUHTAH HaTHXKajdap UKKUTA TAIIKWIOTAA KOpUN
KWIMHIM Ba anmpoOanusaiaH YTKa3wian xamjaa duinura 60 miaH. cym Ba 20 MHUHT
AKII nomt. UKTUCOAUM caMapadOopJIUKHU TAIIKWIT KUAJIJIH.
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INTRODUCTION (abstract of PhD thesis)

The relevance and demanding of the dissertation the theme. In the world
great attention is paid to creation of the corresponding of digital television images
processing system for monitoring in the field of information and communication
technologies. Current level of scientific and technical progress as one of the
important mechanisms of effective safety system puts in the forefront need of target
development of the computer view systems such as automatic recognition of images.
«Every year in car crashes around 1.3 million people die and 20-50 million people
get different kind of injures»!, Methods of digital television images processing and
monitoring system are widely used in the developed countries, in particular, in
China, the USA, Germany, India.

In the Republic Uzbekistan the large-scale attention is given to citizens’ and
vehicles’ safety and prevention of different accidents based on scientifically
innovation and using modern audio-video technologies. In this matter, essential
results are achieved using modernization of vehicles based on radionavigation and
television equipment and monitoring the safety, particularly video surveillance
system production has started. Although, the development of intellectual detection
devices of dynamic and static spatial objects upon the modern demands are
considered. Uzbekistan’s Development Strategy considers such tasks as “..
maintaining road safety, ... implementation of modern information technologies and
their use™?. In order to perform these tasks a development of visual monitoring
systems, creation of digital television image processing system for monitoring static-
spatial objects for vehicles are considered as an important issues.

Today one of the important scientific-technical tasks in the world is
improvement of digital television images processing systems, as well as systems for
automatic detection and recognition of static-spatial objects for vehicles, and
considering this circumstance, special attention is paid to target scientific research,
in particular identification of the personality according to biometric data, recognition
of number plates of vehicles, obstacles detection systems, recognitions of road signs
etc.

The dissertation is directly serve the implementation of the tasks set out in the
following provisions and decrees of the President of the Republic of Uzbekistan:
PD-4947 “On Uzbekistan’s Development Strategy” of 7 February 2017, PD-5005
“On measures to radically increase the effectiveness of the activities of the internal
affairs bodies, to strengthen their responsibility for ensuring public order, the reliable
protection of the rights, freedoms and legitimate interests of citizens” of 10 April
2017 and PR-1442 "On the priorities of industrial development of Uzbekistan in
2011 -2015 years" of 15 December 2010.

Compliance research priority areas of science and technology of the
republic. This research was performed in accordance with the priority areas of
science and technology IV - "The development of informatization and information
communication technologies”.

! http://asirt.org/initiatives/informing-road-users/road-safety-facts/road-crash-statistics
2 Decree of the President of the Republic of Uzbekistan PD-4947 “On Uzbekistan’s Development Strategy” of 7 February 2017
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The degree of knowledge the problem. Development and improvement of the
theory of detection and recognition of static-spatial objects, computational
algorithms and software, as well as the analysis of the results of computational
experiments to identify acceptable parameters of process performance, and process
automation of object recognition tasks devoted to the work of scholars such as
Z.Zang (China) A.Muad (India), Breylon (USA), Bertozzi, E.Liyu (China), T.Elgen
(Germany), T.Gandi (India), D.Braun (UK), V.Feyg, O.Fogars, J. Genner,
S.Meybank, R.Tsai, R.Nelson, D.Kombs and others.

The problem of developing universal detection system and recognition of
static-spatial objects are poorly studied. There are no universal systems for detecting
static-spatial objects in real time using appropriate databases.

The results of studies on the new direction of solving the problem of detection
and recognition of static-spatial objects involve the development of a wide range of
proper framework, methods, algorithms and software systems for visual monitoring
and surveillance systems, scientific and methodical bases of which are intended for
the development of existing technologies.

Communication of the research plans of scientific research. The dissertation
research also was carried out within the framework of scientific and technological
project of Tashkent University of Information Technology on number S483-14
"Development of detection and identification of human faces in the photo and video
data of the system"; (2014-2015 y.).

The aim of study is modeling, development of algorithms and the framework
of the process of detection and recognition of static-spatial objects for visual
monitoring systems.

Research tasks:

development a method for static-spatial object detection based on Braillon's
method using an approach of calculation of the real optical flow and the sum of
absolute difference;

development a method for static-spatial object recognition based on algorithm
of scale invariant feature transform SIFT using the method of calculating the angles
between the vector descriptors in the Euclidean space;

development of a complex algorithms for static-spatial object detection and
recognition for visual monitoring systems based on improved Braillon’s and SIFT
methods;

development of digital television image processing framework for monitoring
of detection and recognition of static-spatial objects;

development of the detection and recognition device of static-spatial objects for
visual monitoring of vehicle systems;

The object of research are methods for the detection and recognition of static-
objects used in the visual monitoring systems (CCTV) and advanced television
systems.

The subject of the study - the modification, optimization, improvement and
development of new methods and the proper framework based on machine learning
algorithms to effectively address the problems of recognition.

Research methods. During the research analytical, mathematic and digital
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modeling, algorithms, programming, modern digital television image processing
order to solve this problem modern method of digital image processing, pattern
recognition were applied.

Scientific novelty of the research as follows:

The scale invariant feature transform (SIFT) algorithm of visual monitoring
system for static-spatial objects processing and recognition is improved based on an
approach of calculation of angles between feature vectors in Euclidian space;

Based on the use of advanced Braillon method and calculation of the sum of
absolute difference for visual monitoring systems, the algorithm and methods of
obstacles detection along the line of vehicles are developed;

The static-spatial objects detection and recognition framework based on the
modified and advanced scale invariant feature transform algorithm using graphical
dataset is developed;

The device and the software on detection and recognition of static-spatial
objects are developed for visual monitoring systems of spatial around vehicles.

The practical research results are as follows:

The device on detection of existence of static-spatial objects along the line
vehicles providing the possibility of creating a panoramic image and recognition of
obstacles is developed;

The software is developed for creation of the panoramic image by connecting
and alignment of separate fragments of television images;

The software on recognition (detection) of the person‘s face and emotions using
video surveillance is developed and passed tests.

The reliability of the results. The reliability of the results based on the fact
that proposed methods and algorithms used results that achieved by experiments
using digital image processing software for visual monitoring systems, also checked
by comparison tables of detection and recognition of static-spatial objects in videos
and images, moreover the quality of the framework is checked not only applying
for detection and recognition of the object but also for creating panoramic image
around the vehicle, although it is shown by using improved Braillon’s and SIFT
methods a detection of static-spatial objects beside their status (rotated, far, near,
different angles).

Theoretical and practical significance of the study results. The scientific
value of the obtained results of the research is that the developed framework of
detection and recognition of any objects using appropriate data bases, the method of
detecting objects based Brailon algorithm using the method of sum of absolute
difference and object recognition method which is based on the scale invariant
feature transform SIFT algorithm for feature extraction can be used to produce the
concept of a detection system, control and monitoring of various objects in real time.

Practical value of a research is to create the equipment with the software
capable of detection and recognition of static-spatial objects using existing methods
and array of information, to create panoramic images, to recognize obstacles,
detection and recognition of static-spatial objects in space around vehicles and to
realize their monitoring.

Implementation of the research results. Based on algorithms and software of
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digital television image processing system for monitoring the detection and
recognition of Static-spatial objects:

Visual monitoring systems for the processing of spatial objects and signs of
their recognition to change the scale of the invariant improved algorithm based on
the newly modified and improved SIFT algorithm for large-scale invariant change
of the notation of static-spatial objects, the Brailon’s model of image processing of
spatial objects, a framework was implemented in the personnel department of
SUE “Unicon.uz” (Ministry of Development of Information Technologies and
Communications of the Republic of Uzbekistan dated on 10 October, 2017 No33-8 /
6817) . As a result, the surveillance camera located at the entrance of the building
allows you to automatically determine and take into account the time in and out of
employees and also increase the efficiency of the work of the personnel department.
It also gave to increase efficiency 1.5 times.

the device and software for visual monitoring systems around the vehicle for
static-spatial object detection is implemented in the activities of the Korean company
GEQO2 as well as for automatic restoration of space aero photo image and the creation
of a panoramic were used (Ministry of Development of Information Technologies
and Communications of the Republic of Uzbekistan dated on 10 October, 2017
Ne33-8 /6817). In the result of using the stitching of aero photo images and creation
of panoramic, it gave to GEO TWO Company to increase work efficiency
to 10-15%.

Approbation of research results. The results of this research are discussed in
8 international and 3 republican scientific conferences,

Publication of research results. The total number of 25 scientific works on
the subject of the research including 10 articles recommended in scientific
publication of the main scientific results of the doctoral dissertations of the Higher
Attestation Commission of the Republic of Uzbekistan is published (9 in republican
and 1 in foreign magazines) 3 certificates of registration of the software created for
the computer are received.

The structure and scope of the thesis. The thesis consists of an introduction,
five chapters, conclusion, bibliography. The dissertation consists of 120 pages.

MAIN CONTENT OF DISSERTATION

The introduction provides a rationale for the relevance and relevance of the
research, a description of the objectives and main tasks, as well as objects and items
corresponding to the priority areas of Science and Technology of the Republic of
Uzbekistan, scientific novelty and practical results, theoretical and applied
significance of the results, information about the publication of the work and
structure thesis.

In the first part of the dissertation, “Review and analysis of existing methods
and algorithms for detection and recognition of static-spatial objects”, clarified
the interpretation and analysis of the available methods as well as the relevance of
the problem. It is emphasized that one of the most important aspects of the
appearance on the computer is the familiarization of objects. The success of the issue
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addressed in development of intelligent systems, independent of the external
environment, evaluate, and it will be necessary to carry out useful work.

A variety of static spatial objects and familiar with the issues will be
considered. It was emphasized that one of the images in the detection and recognition
routes has a special place poses a number of challenges to unravel the problem. The
solution to this problem makes the number of difficulties. In particular, an object
detection and recognition algorithm, if there is only one reference, its performance
is considerably worse. Many algorithms that require system learning can not be
used in this context. In addition, only one picture but the video data identify objects
and to introduce a number of problems in this sphere.

The problem is that video data may sometimes be poor quality and may be
changes, as well as video streaming may include fast moving objects (such as cars,
planes, etc.) this can be judged by the number of new articles devoted to this issue.

In the second part of the dissertation titled "Development of a complex of
static-spatial object detection and recognition algorithms and framework"
provides an improved SIFT algorithm based on object recognition method. This
method was optimized by using an algorithm for calculation of the optical flow
instead of the original theoretical flow and compared with the theoretical flow of the
second phase. Braillon Model is based on a theoretical calculation of the flow, ie,
creates a flow matrix for the scenes where there are no facilities. The problem with
this method is that not all surfaces are flat and are designed for ideal cases.
Therefore, the use of the calculation of the optical flow in comparison with the
theoretical flow can more accurately calculate the location of objects in the frame.

It is proposed to apply an algorithm Lucas-Canada, which is widely used in
computer vision, a local differential method for calculating the optical flow.

Main optical flow equation contains two unknown and can not be
unambiguously resolved. Lucas Algorithm - Canada avoids ambiguity by using
information on the adjacent pixels at each point. The method is based on the
assumption that the local neighborhood of each pixel value of the same optical flow,
thus it 1s possible to record the basic equation for optical flow and the neighborhood
of pixels to solve the resulting system of equations by the least squares.

Let I, J are two three-dimensional images in grayscale and let X = (x,y) is the
pixel location in the image. Then we get the following equation:

I(X) =1(x,y)n](X) = J(x, ).

vector coordinates of the upper left corner of the pixel are (0,0). n. and n, are
the width and height of the image, respectively. Vector coordinates of the lower right
corner of the pixel (nx— 1, ny,— 1I).

Consider a specific point U = (ux, uy) on the first image /. The purpose of
tracking performance features (feature tracking) is determination of the location v =
i + d vector in the second image J.

In addition, it is important to determine the similarity between the brightness
of the image I (1) and J (V) in two-dimensional space, which is also called a window
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integration.
Let wy u w,, are two integers. Define the image shift d, as a function of the

S
residual vector minimizing £d, which is defined as follows:

UpTWe uy—f—“’.y

ed)=eldady) = D, Y, @y ~J(@+dey+dy).

T=Up—We Y=Uy —Wy

where w, 1 w,,: the size of the integration window.

For the detection and identification of characteristics of the object using a
modified algorithm for converting the scale-invariant features (Scale Invariant
Feature Transform, SIFT). This algorithm allows to determine the characteristics
(singular points) of any object in the form of droplets (Eng. Blobs), since they are
invariant to all transformations (affine transformations, changes in lighting, camera
position, and noise).

SIFT algorithm is divided into 5 parts: 1) the construction of the pyramids
Gaussians and their differences (in this step provides invariance to scale); 2)
determination of extrema; 3) clarification of critical points; 4) determining the
orientation characteristics of the object (provided invariance to rotation); 5)
construction of descriptors (provided invariance to lighting, noise, change the
camera position).

The calculation of the distance between all the characteristics (attributes) takes
a long time. It is proposed to find the scalar product of the vector signs, which is
much faster and more reliable than to find the distance between vectors. Because the
distance between the signs may be similar and can occur a mismatch, but the angles
between the signs are always different. The scalar product and the angle between the
signs are calculated in the following way:

n
a-b= Z a;b; = a;by + a,b, + -+ a,b,

=1

9 ( a-b )
= arccos | ————
lallllpll

Then follows by checking whether the next neighbor angle is less than a
predetermined ratio:
O<pred.ratio

In the original SIFT algorithm it only compares the distance between the
nearest neighbor features and choose the lowest value. In the modified SIFT
algorithm it compares the angles between the feature vector. Also, the ratio of
distances were used to "release" to reduce false comparison and accept only positive
values:
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Framework consists of the following parts: block input video, block object
detection, block object recognition and also block display results.

Input video

Object detection Object recognition

(Improveq Braillion (Improved SIFT
algorithm) algorithm)

Y

Y

Theoretical optical flow

et Difference of & Extreme point
modo Gaussian " extraction
v Y
Real optical flow model : : <
‘ Orientation = Key point
(Lucas-Kanade algorithm) assignment localization

Y Y

Sum_of absolute Display results Build key point
difference descriptor

Figure 1. Framework block diagram

When the video sequence (video data) from block “Input Video Data” enters to
the block “Object detection”, using Braillon algorithm to detect objects in the frame.
Block "Optical flow model" is modeled on the free path without any objects and then
the Lucas-Canada algorithm is used to calculate the optical flow ("Real optical flow
block") and a real optical flow with objects in image. Distinction is made between
the models of real flows in the "Sum of absolute difference" model of the block,
which is the ability to define an object (Fig. 1).

Next block is «Object recognition». The block “Object recognition” includes
several processes based on the improved SIFT algorithm. First, the Gaussian
pyramid and the structure of their species are constructed. At this stage invariance in
scaling is provided. Then extremes are detected and separate points are determined.
Further, the orientation of the main points ensuring rotation invariance is
determined. As a result, descriptors are built (providing lighting, noise, and changes
in camera state).

In the third part of the dissertation titled “Development of the devices for
monitoring the static-spatial object detection and recognition” specially
developed device is described.

Below in Fig. 2 is a block diagram which consists of units such as «Wide-angle
Cameray, «Ultrasonic Sonar», «Sonar Control Unity», «Image Processing Unit» and
«Display».
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Module «Wide-angle Camera» (Wide-angle camera). The cameras are used to
obtain successive images and are located out of the 4 sides of the vehicle and in front
of the received signals in the module «Image Processing Unity»

Module «Ultrasonic Sonar» (ultrasonic sonar). Sonar is used to detect obstacles
around the vehicle and in front of the received signals in the module «Sonar Control
Unity.

Module «Sonar Control Unit» (sonar control unit). This block accumulates the
data from the module «Ultrasonic Sonar» for transmission of information on the
detection of obstacles in the module «Image Processing Unity.

Module «Image Processing Unit» (Image Processing Unit). This block is a
basic unit for processing images to create a panoramic image around the vehicle.
Using an algorithm developed modified SIFT features stand out in the images and
compared.

Module «Display» (Display). Displays panoramic image around the vehicle.

In the fourth part of the dissertation titled “Testing and experimental
evaluation of the developed system” presents the results of experiments and
computer simulations.

Databases for static-spatial objects such as database of human face, human
emotion base and database of motor vehicle registration numbers have been formed
to carry out scientific experimental research. A database of self-help groups gathered
from various sources for purpose of teaching and classifier testing.

The following are the results of evaluation of the effectiveness of various
techniques and pattern recognition algorithms, namely, the SIFT algorithms, PCA-
SIFT and modified the proposed algorithm and Modified-SIFT. When these studies
were evaluated for efficacy criterion recognition algorithms correct recognition
probability, under a priori uncertainty in the registration of images, namely, scale
variations, and variations in the angular orientation of the variation signal to noise
ratio in the recorded images.

The studies were conducted by the method of mathematical modeling of
multivariate analysis in the numerical experiments. To do this, the software that
implements algorithms for edge detection and pattern recognition objects described
above have been developed in the MATLAB environment.

The effectiveness of recognition for all the test samples of images algorithms
characterized by a probability of correct recognition of images, which evaluated the
frequency of taking the right decisions on supplies test patterns to a certain class.
Evaluation of detection probability, expressed as a percentage, determined by the
formula:

N?’

P=—=/100%

0
where N, - the number of correct - positive outcomes upon presentation of test
patterns in the test, a Ny - the number of presentations of test patterns in the test.
Table 1 shows the results of numerical experiments in the form of probability
of correct recognition of the values of the allocation of signs SIFT algorithms, PCA-
SIFT algorithm and modified Modified-SIFT, as well as the scale of the variations
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and the angular orientation of the original image.

Table 1.

Values of the probability of correct recognition with feature extraction
different algorithms, as well as the scale of the variations and the angular
orientation of the original image.

Probability of detection
Type of test Algorithm Algorithm | Algorithm
sample SIFT PCA-SIFT | Modified-SIFT

M=1.00 100% 100% 100%

M=0,75 82,5% 95% 95%
M=0,5 50% 70% 82,5%
0=0 100% 100% 100%
a=20° 92,5% 100% 100%
a=30° 90% 95% 97,5%
0=45° 82,5% 95% 95%
0=60° 90% 95% 97,5%
0=80° 90% 95% 100%
0=90° 90% 100% 100%

Table 2.

Values of the probability of correct recognition in the allocation of
contours of various algorithms with variations of signal-to-noise in the
original image

Signal 't? -noise Probability of recognition
ratio
Agritim strT | BT PCA- | it
17 90% 92% 95%
10 59,5% 77,5% 80%
7 45% 65% 68%
5 33,5% 45% 45%
3 25% 39,5% 40%
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Table 2 shows that the SIFT algorithm with a decrease in the value of the signal
to noise ratio in the image there is a significant reduction in the probability of
detection. Algorithms PCA-SIFT and Modified-SIFT, more resistant to the effects
of the additive noise, and, in the allocation of boundaries algorithm Modified-SIFT,
achieved the best results.

CONCLUSION

Doctoral dissertation on the subject of “Digital television image processing
system for monitoring the detection and recognition of static-spatial objects” the
following conclusions were obtained during the research:

1. A method for the detection of objects on the basis of Braillon’s model using
the methods of calculation of the optical flow and the sum of absolute differences,
by which obtained high accuracy of detection of 1.5 times compared with the same
methods.

2. A universal framework (structure, block diagram) is developed for detection
and recognition of spatial objects using appropriate database. For the first time, this
universal framework created an opportunity to detect human faces and their
emotions, obstacles around the vehicles and creation of the panoramic image, as well
as determining the state numbers of vehicles.

3. Device for the detection and recognition of objects for visual monitoring
systems around the vehicle. The device is used to detect objects in addition to wide-
angle cameras, ultrasonic sonar, which allows 2 times increase the probability of
obstacle detection.

4. A database of potential data objects, such as images of human faces,
emotions, state registration numbers of vehicles. This reduces the dependency on
other databases.

5. Developed software based on the proposed methods to create a panoramic
image around the vehicle, detection of obstacles in their way, the recognition of
human faces and their emotions, state registration numbers of vehicles. This, in turn,
creates opportunity the development of the software market in Uzbekistan.

6. On the basis of the developed methods and software for experimental studies
have shown that the use of modified algorithm developed by converting the scale-
invariant SIFT features gives the probability of correct recognition in the allocation
of signs on average in the order of 97.5% per cent but the time spent on the
recognition of object is an average of 1.4 seconds.

7. Recommendations about use of the methods developed for visual monitoring
systems in various spheres of economy of the Republic of Uzbekistan are developed
and create in practice a possibility of development of the concept "Safe city" in
system of the Ministry of Internal Affairs of the Republic of Uzbekistan.

8. The results obtained on the basis of proper framework developed by the
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detection and recognition of static-spatial objects for visual monitoring systems have
also been introduced and tested in two companies and gave economical effect 60
mln. soums and 20 thousand USD per year.
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BBEJIEHUE (anHoTanus guccepranuu 1oxkropa puinocodpuu (PhD))

I[eap0 uccaen0BAHUS SIBISCTCS MOJCIMPOBAHUE TPOIECCOB U CHUCTEMBI
OOHapy>KeHHMsI ¥  pAaclO3HABaHUS  CTATUKO-TIPOCTPAHCTBEHHBIX  OOBEKTOB,
pa3paboTKa X aIrOpUTMOB U PPEeMBOPKOB.

O0beKTOM HCCIeIOBAHUS CUUTAIOTCS CUCTEMbl BU3yaJIbHOTO MOHUTOPHHIA
(BuAeOHAOMIOEHUSI) W CIOCOOBI  ONpEJENICHHs] W OMNO3HaHUS  CTaTUKO-
MPOCTPAHCTBEHHBIX OOBEKTOB, MPUMEHSIEMBIX B CHCTEMax COBPEMEHHOTO
TEJIeBUICHUSI.

HayuyHnasi HOBU3HA UCCJIeI0BAHMS 3aKIIIOYAETCS B CIICTYIOIIEM:

YCOBEPIIIEHCTBOBAH AJITOPUTM MAaCHITAOHO-WHBAPUAHTHOTO MpeoOpa3OBaHUS
(SIFT) 06paboTKku MPOCTPAaHCTBEHHBIX OOBEKTOB M UX PACIIO3HABAHUS IPU3HAKOB
JUTSl CHCTEM BU3YalbHOTO MOHHMTOPHHIAa Ha OCHOBE METOJIa BBIUMCIICHUS YTJIOB
MEXIy BEKTOPHBIMU JAECKPUITOPAMHU B €BKJIMIOBOM ITPOCTPAHCTBE;

pa3paboTaHbl AITOPUTMBI U COBEPIICHCTBOBAH MeTona bpoiieHa Ha OCHOBE
BBIYHCIICHUSI CYMMBI a0COJIFOTHOW BEIIMYWHBI TIPU OOHAPYKEHUU TPETATCTBUN Ha
MyTH aBTOTPAHCIIOPTHBIX CPEJCTB IS CHCTEM BU3yaJIbHOTO MOHUTOPHHTA;

paspabotan  ¢pelMBOpPK OOHApYXKEHUS W  pPACMO3HABAHUSA  CTATUKO-
MPOCTPAHCTBEHHBIX ~ OOBEKTOB  HAa  OCHOBE  MAacIITaOHO-WUHBAPUAHTHOTO
npeoOpa3oBaHus MPU3HAKOB CTATUKO-IIPOCTPAHCTBEHHBIX OOBEKTOB MCHOJb3YS
rpadguyeckyro 6a3y JaHHBIX;

pa3paboTaHbl CcXemMa TEXHMYECKOro YCTpoicTBa IudpoBOil 00paboTKH
TEJICBU3UOHHBIX HM300paXEHUH M TMpOrpaMMHOE oOecredeHue OOHapy)KeHUs u
pacno3HaBaHMsI CTATUKO-TIPOCTPAHCTBEHHBIX OOBEKTOB JUISI CUCTEM BH3yaJIbHOTO
MOHUTOPHUHTA BOKPYT aBTOTPAHCIIOPTHBIX CPEJICTB.

BHeapenne pe3yJbTaToOB HCCIET0BAHNS.

Ha ocHOBe ajiropuTMOB M IPOrpaMMHOro obecniedeHus: uppoBoit 00padboTKu
TEJICBU3UOHHBIX HM300paXKCHUII B MOHHTOPUHTE ONPENCICHUS W PACIIO3HABAHUS
CTaTUKO-TIPOCTPAHCTBEHHBIX 0OBEKTOB:

(GpeiiMBOPK Ha OCHOBE YCOBEPIICHCTBOBAHHOTO aJTrOPUTMa MacIITaOHO-
MHBAPUAHTHOTO NpeoOpa3oBaHus OO0paOOTKH MPOCTPAHCTBEHHBIX OOBEKTOB U
3HAKOB WX  OIO3HAHMS, a TakkKe HOBOro  MOAU(PUIMPOBAHHOTO U
YCOBEPILIEHCTBOBAHHOIO aJrOPUTMa MacIITaAOHO-WHBAPUAHTHOT'O TIPe0Opa3zoBaHus
3HakoB (SIFT) craTuko-mpoCcTpaHCTBEHHBIX OOBEKTOB /JIsi CHCTEM BHU3YaJbHOTO
MOHUTOPHUHTA BHEJIPEH B NEeSITENHHOCTH oTnena KaJIpoB
['VIT “UNICON.UZ” (cnpaBka MuHHCTEpPCTBA MO Pa3BUTHIO WH(POPMAIMOHHBIX
TeXHOJIOTU W KoMMyHuKamuii ot 10 oktsiops 2017 roma Ne33-8/6817). B
pe3yibTaTe yCTAaHOBJICHHWSI Kamep HAOJNIOACHHUS HAa BXOJI€ B 3JaHUE, MO3BOJIUJIO
aBTOMATHUYECKH paClo3HABaTh COTPYIHUKOB MW aBTOMATHU3MPOBATH MPOIIECC
MOHUTOPHWHTA B TIPOU3BOJICTBE, a TakXkKe 1,5 pa3a moBbICUTE 3)PEKTUBHOCTH pabOTHI
OTJela KaapoB.

YCTPOWCTBO H TMPOTrpaMMHOE OOECIeueHHe T0 OOHApPYKCHHIO CTATHKO-
MIPOCTPAHCTBEHHBIX OOBEKTOB [JII CHCTEM BHU3yaJlbHOTO MOHWUTOPHWHTA BOKPYT
aBTOTPAHCIIOPTHBIX CPEJCTB OBUIO BHEAPEHO B JEATEIBHOCTH KOMIIAHUHU
“GEO2 Technology” B memsix HCHOAb30BaHUS [JII CTBIKOBKH a’podoTo
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M300paXKeHHUI U CO3JaHMs TAHOPAMHOTO M300paXEHHSI BOKPYT aBTOTPAHCIIOPTHBIX
cpencTB (cmpaBka MHUHHCTEPCTBA MO Pa3BUTHIO WHPOPMAITMOHHBIX TEXHOJOTHHA U
koMmmyHuKaiuit ot 10 okTsa6ps 2017 roga Ne33-8/6817). B pe3ynbTaTe CTHIKOBKH
a’pooTo H300paKEHUN M CO3JIaHMSI MMAHOPAMHOTO H300pa)KEHHsI MOBBICUIIOCH
DKOHOMHYECKAs MPOU3BOAUTENBHOCTh KOMIIaHuu Ha 10-15%.

Ctpykrypa m o0bem auccepramum. Juccepranusi COCTOMT M3 BBEICHUS,
YeThIPEX IJ1aB, 3aKJIIOUEHHUS, CIIMCKA JIUTEepaTyphl, coaepkuT 120 cTpaHuil TeKCTa.
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