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YacTb 6. [onck nedpeKToB n3genmu
Ha OCHOBe 0Ccobbix Touek ORB

B 3K2-6 2025 r. onncaHbl MeToAbl 1 CNOCOObl HACTPONMKN N306parkeHNiA AN BU-
AVMoro Aviana3oHa o6HapyKeHus aedeKToB, pacCMOTPEeHbl METOAbI U3MepeHUs,
Knaccudpukauyum n popmmuposaHus 6asbl AaHHbIx (B]]) AedpeKTOB c nOMOLbIO aB-
TOMaTU3MPOBaHHOIO NporpamMmmMmHo-annapartHoro komnnekca (AMAK) gna noncka
AedeKToB nsaenuii aneKTpoHHo TexHukm (U3T) c coxpaHeHnem n3obpakeHnA
Aedekra B B[l Ana ganbHenwwero npuMeHeHNs, onNncaHo o6HapyxeHue gedpeKToB
nonynpoBOAHUNKOBbIX NIACTUH B NONIAPN30BaHHOM CBETE, pacCMOTPEHa NpoBep-
Ka KauyecTBa NOPOLLUKOBbIX MaTepuasioB 1 MUKPOCTPYKTYP NOBEepPXHOCTe, onu-
caH nounck AedpeKToB MUKPOCBapPKI C MOMOLLbIO 31IEKTPOMarHUTHbIX YCTPONCTB.
B aToi yacTu cTaTby NPOBeAEHbI CC/IejoBaHUA B 06nacTu noncka agedpeKToB
nyTemMm aHanunsa ux KnroueBbiX 0CO6eHHOCTeN € Cnosib30BaHNEM COBpeMeH-
HbIX aJIMOPUTMOB KOMNbIOTEPHOIO 3peHus Ha 0CHOBe 0co6bix Touek ORB. B pe-
3ynbTaTe NpeAnoXeH HOBbIl KOMGMHMPOBaHHbIN MeToA noucka gedeKkToB.
3¢ PeKTMBHOCTb MeTOoAa NOATBEPXKAEeHa dKCNepuMeHTalbHbIMU UcC/iefoBa-
Huamu. AMAK paspa6oraH cneuvanuctamu AO «LIKB «[leiiToH», yCTaHOBJIEH U
JKCNyaTUpyeTca Ha NpeanpuATUAX OTpacau, MPUHOCUT CYLLeCTBEHHbIN SKOHO-
Munyeckuii 3¢ PekT, B Tom yucne c npumeHeHnem ocobbix Touek ORB.

BBepeHune

Llestb pabOTHI: TOBBICUTH KAYECTBO U HA/IE)KHOCTD U3JENIHIT 9IeKTPOH-
HOI1 KOMIIOHeHTHOI 6a3bl (DKB), COKpaTuTh OpaK 1 MPOIJIATE CPOK CITY K-
651 pamroanekTpoHHOM armaparypst (POA) ¢ ucnons3oanuem AITAK u
METOJIOB KOMITBIOTEPHOTO 3peHIs Ha OCHOBe 0c00bIX Touek ORB.

Hecmotps Ha BaskHOCTD KauectBa DKb, narorosurenu POA nopoii ot-
Ka3bIBAIOTCS OT BXOJJHOTO KOHTPOJIS, IOJIATasiCh BMECTO HErO Ha YCTAHOB-
JICHUE IOBEPHs C IIOCTABLIUKAMHE I10 BCEIl [IETI0YKe MTOCTABOK. DTOT OCHO-
BaHHBII Ha JOBEPUH ITOAXOJ IIPEIIIOIaraeT OTCYTCTBUE OLINOOK, MOIIIeH-
HITYECTBA, OJIIEIOK, TIOBPEeKIeHwil win fedekToB B 3akynaemoit DKB, He
HUCIIOJIB3Y S CIIENUAIU3UPOBAHHYIO TEXHOJIOTUIO AJIS1 BXOJHOT'O KOHTPOJIA.

,He(i)eKTbI 9acCTO ABJIAIOTCA MAJIOPAa3MEPHBIMY, €1Ba 3aMETHBIMU HEBO-
OPY’KEHHBIM IJIA30M U MOTYT UMETh CepPbe3Hble IIOCIECTBHS, 0COOCHHO
B PODA ¢ y)keCTOUeHHBIMH TeXHIIECKUMU TPeOOBAHISMHE, BKIIIOYAIOIIHE
BBICOKHE YPOBHHU Harpysku. HesHauuTtenbHble 0TKAa3bl pabOTOCIOCO6-
HOCTH B KOHJIEHCATOPE MM MUKPOIPOILIECCOPE MOTYT IIPUBECTU K HEHC~
npaBHOCTH POA, 1 6pIBaeT OOMIHO Y3HATH 00 OTKa3e HYKHOTO Paiuo-
9JIEKTPOHHOTO y3JIa U3-3a He3aMeIeHHOTOo fiedpeKTa B, Ka3aIoch Obl, Hesa-
METHOM KOMIIOHEHTE CTOMMOCTBIO BCETO B HECKOJILKO PyOJIeil.

JedeKThl OXBATHIBAIOT IIMPOKHI CIIEKTP IPOOIIEM, HAYHHAS C TPEILIHH,
U3JIOMOB, OTCIIOEHHSI METAJUTU3AIMN U 3aKaHINBast TepopMarusiMu, 13-
MeHEeHHUsIMU 1[BeTa, IIOsIBJICHNeM IIeCeHH, KOPPO3UH, H30THYTHIX U JIe-
(bopMHIPOBAHHBIX BBIBOJIOB.

CyuecTByeT pacpocTpaHeHHOe 3a0IysK/jeHue, YTO IPOU3BOJICTBEH-
Hble MAIlIIHbI, HAIPIMepP CUCTeMbI aBTOMAaTH3NPOBAHHOTO OITHYECKOTO
kouTposst (AOI), koHTponupyioT KagecrBo DKB. OHAKO STH MAIIHHbL, B
IEPBYIO OYepe/ib, OTCIIEKUBAIOT IPOLIECC COOPKH, He TIPOBEPSIIOT CAMHU U3~
nenust OKB Ha Haymaue 1eheKTOB U TOIBKO 0OHAPYKUBAIOT OTKJIOHEHHS B
pasmerntieHnH 9TUX u3nesnit. Clie[oBaTeIbHO, OOBIMHO BLISBIISIOTCS JIUIID
neeKThI 3HAYUTETHHOMN BEJIMIMHBL, YTO IPUBOIUT K HEMCIIPABHOCTSIM.

I[Tposepka uspenuit OKb Ha Hanuuue nedeKToB JOIHKHA ITPOBOJUTCS
Ha 9TalaX MeKOIEePAIHOHHOTO U BHIXOIHOTO KOHTPOJIS Ha IIPeAPUSTUH
H3TOTOBUTEJIS], @ TAK)Ke BXOJHOTO U MEKOIIePalliOHHOTO KOHTPOJIS Ha
cropose motpebutesnst. CyIecTByeT MHOKECTBO METOMIOB OIIpelleIeHus
nedeKTOB. ABTOPBI CTaThU MPOBEJIH HCCIIeT0BaHKe, 0000IIeHne 1 aHa-
JIU3 TOCTYIHBIX METOJ0B KOMIIBIOTEPHOTO 3peHus. B pesyabraTe 66uH
BBIZIeJIEHBI ¥ IOPAO0TaHbI METOMIBI, IO3BOJISIOIIIE C MUHUMATbLHBIMU 32~
TpaTaMu OOHAPY>KUTD OIpeieieHHbIe TeDeKThI B OIpe/ie/IeHHbIX KIaccax
v tunax uspenin DKbB.
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Puc. 1. Pe3ynbtat conoctaBneHus anropntma ORB Ha peanbHbIX CHUMKax MeTannoCTeKNAHHbIX
Kopnycos 401.14-5

Cpenu uux metor FAST (Features from accelerated segment test) — omus
U3 IEPBBIX 9BPUCTUYECKUX METOIOB ITOUCKA 0COOBIX TOYEK, KOTOPBIil
Oy <Iu GOJIbIIIOE PACIIPOCTPAHEH e 0Iarofapst BEIYHCIUTENbHOIM 3¢h-
bexTUBHOCTH. J[JISl IPUHSATHS PEIIeHNs O TOM, CIUTATD 3aNAHHYIO TOUKY
000011 MU HET, B 9TOM METOfie PACCMATPHUBACTCS IPKOCTD IIMKCeIel Ha
OKPY’KHOCTH C LIEHTPOM B TOUKE C ee KOHKPeTHbIM papuycoM. Passurue
9BPHCTHIECKUX METOOB IIPHUBeTIO K paspaborke Merona BRIEF (Binary
Robust Independent Elementary Features). OT0OT ObICTPbIiT 9BPUCTHICCKII
IeCKPHUIITOP CTPOUTCS U3 256 OUHAPHBIX CPABHEHUI MEKY SAPKOCTIMHU
IHKCeIel Ha Pa3MBITOM H300paKeHHIL.

B pesyibTare gaybHelIIel 3BOIIONUH METOIOB OIIUCAHUS 0COOBIX TO-
vek uzobpaxenus nossmics meroq ORB (Oriented FAST and Rotated
BRIEF), xoTopblit 6501 pa3paboTaH Aist perneHust Ipo6aeMbl 6amanca
MEXIY BbIIUCIUTENBHOM 9P PeKTUBHOCTHIO, YCTONIHBOCTBIO K Ipeobpa-
30BaHUSM H OIIMCATeIbHON TOYHOCTBIO. JJaHHBIIT METO BOSHHK B OTBET Ha
HOTPeOHOCTD B AITOPUTMAX, CIIOCOOHBIX (PYHKI[HOHUPOBATh B YCIOBUSIX
UCIIOJIb30BAHNS OTPAHMYEHHBIX PECYPCOB MaJIOMOITHBIX KOMIIBIOTEPOB 1
Iake MOOMIBHBIX TeTe(hOHOB.

Meton ORB unTerpupyer gBa KI0UeBbIX KOMIIOHEHTA: MOAUDUIIN-
POBaHHBII JeTeKTOp 0co0bIX Todek FAST, TOmoMHeHHBII MeXaHU3MOM
OLIeHKY OPUEHTAINH, U afanTipoBaHHb neckpuntop BRIEF, mpeo6paso-
BAHHBII 17151 06eCIIeIeH st HHBAPUAHTHOCTH K BPAIIIEHHUIO.

BRIEF popmupyer 6uHAPHBII JECKPUNTOP ITyTeM IIOCIET0BATELHOTO
CpaBHEHMSI 3apaHee OIIpeMle/IeHHbIX [ap IUKCeIel B OKPECTHOCTU 0CO00H
TOYKH, TeHePHUPYSI KOMIAKTHYIO OUTOBYIO CTPOKY, KOTOPAsI IIPefCTaBIIsIeT
c00011 TTOCIIEIOBATEIBHOCTD U3 HYJIeH U enuHul]. OIHAKO IPOU3BOILHOE
BpallleHNe U300PaKEeHNUS BBISBIBACT CMELIeHIEe IPOCTPAHCTBEHHOTO pac-
II0JIOYKEHUSI TECTOBBIX TIAP OTHOCHTEIBHO JIOKAIBLHEIX 0COOHHOCTEN 130~
6paKeHs], YTO IIPUBOIUT K CYIIIECTBEHHOMY YXY/IIIEHHIO IOBTOPSIEMOCTH
TeCKPHUIITOpA.

Meton ORB pemraer a1y mpo6aeMy 3a cieT BBeeHUS OPUEHTa-
LUOHHOIO KOMIIOHEHTA, BEIYUC/ISIEMOTO IS KaXKIOM 0cO00i TOUKH.
ITosry4eHHBII YTOT OPUEHTAIIMU UCIIOIb3yeTcs [ist abdUHHOTO mpe-
06pa3oBaHUs KOOPAMHAT TECTOBBIX AP B COOTBETCTBHUHU C JIOKAIbHOM
CHCTeMOI KOOPAMHAT 00001 TOUKH. TeXHUIECKH 9TO PeaTnsyercs
Jepe3 IpefBapUTENbHO PACCIUTAHHYIO TAOIUIY IIOBEPHYTHIX KOOP-
AUHATHBIX IIA6JI0HOB, YTO IO3BOJISIET U30EKATh PECYPCOEMKUX BbI-
YHUCIeHUN B peaJbHOM BpeMeHH. [IIsI MUHUMH3AIUY H30BITOIHOCTH
[IPUMEHSIETCSI METOL MAIINHHOTO 00yIeH s, OCHOBAHHBIN Ha [IOUCKe
HalMeHee KOpPeJNPOBaHHBIX TIap NMUKCceTel. DTO MO3BOJISET CO3/1aTh
KOMIIAKTHBIA JECKPUIITOP, COXPAHAIOIINNA YCTONIUBOCTD K LIYMY U
TeOMEeTPUYECKUM UCKAKEHUAM. TUINYHBIN HCXOL CONMOCTABICHUS,
BBITIOJIHEHHOTO ¢ ToMolbio anroputMa ORB Ha peanbHBIX CHUMKAX,
IpefCcTaBjieH Ha puc. 1.

OnpepgeneHuie oprieHTaLMM 0CO6bIX TOUEK
metogom FAST

DTOT METOL COLIOCTABIEHHUsI 0COOBIX TOUEK, 0OHAPYKUBAEMBIX IIPU
nomorty aropurma FAST, nosmy4amn mipokoe pacipocTpasenue 61aro-
Iapst BEIYUCIUTENbHOM 9 dekTuBHOCTH. CyIeCTBEHHBIM HETOCTATKOM
JAHHOTO ITOJXONIA ABJISAETCS OTCYTCTBHE I/IHd)opMaLU/H/I 006 opueHTanuN
9THX TOUYeK. B maHHOM pasgesne mpencraBieHa MeToauka 9 HeKTHBHO-
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TO OIpeieIeHUs] OPUEHTAIIMU 0COOBIX TOYEK, IO3BOJISIONIAs YCTPAaHUTD
YIIOMSIHYTBIH HEIOCTATOK U PAaCIIMPUTh BO3ZMOKHOCTH HOCTEY IO eit
00paboTKH H300pasKEHHUIL.

Jemexmop FAST. VICXOTHBIM 3TaNoOM SIBJISETCS NE€TeKTHPOBAHUE TO-
ek FAST na usobpaxenun. Anroput™ FAST ucnonssyer ogus mapa-
METpP — IIOPOT UHTEHCUBHOCTU (MI/IHI/IMaJIbHaH pa3HuIA APKOCTU MEXKIY
[eHTPaIbHBIM IIHKCEIeM U MUKCEJSIMU B KPYTOBOI 00IacTH paguyca),
KOTOPBIt OIIpefessieT, Oy/IeT X LeHTPAIbHBII THKCeIb CIUTATLCST 0C000H
TOYKOIL. DTOT IIapaMeTp HALIPSMYIO BIAKSIET Ha CKOPOCTH PaGOTHI AITOPHUT-
Ma, obecrieqnBast BBICOKYIO IIPOU3BOIUTEIBHOCTb.

[Tockosbky FAST He oljeHMBaeT yriaoBaToCTb — Mepy, XapaKTepU3yI0-
ITYI0 NPUHANIEKHOCTDb TOYKU K I[IEPECEICHUIO IBYX MU 60nee rpaHul, u
pearupyer Ha JI00ble pe3Kue Mepenabl SPKOCTH, Ha HeKOTOPBIX CHUMKAX
9TO IIPUBOJUT K I/IS6bITO‘IHOMy KOJIN1IECTBY OCO6bIX TOYEK, CHIKAs UX UH-
(bOpMATUBHOCTD [JISI 3a1aT COMOCTABIeHUSL. [IJIs1 peltreHust 3Tl mpobe-
MBI 0cO0ble TOUKY PAHKUPYIOTCS C HCIOIb30BaHKeM Mepbl Xappuca [1],
KOTOpast onpenessieTcst 1o popmyire (1):

2
RN
2
g1

y

M=ZW(x,y) I , (1)
X,y

roe I, Iy — IPOU3BONHBIE IPKOCTH II0 OCAM X U ¥; W(X, y) — BecoBast (pyHK-
LS.
CoOCTBeHHbBIE 3HAUCHUS Ay Ay, MaTpHIIBI M OIpeeNIsIoT THIT obacTu:
o (oJIbIiIKe 3HAYCHUST 000KX A — TOUKA SIBILIETCS YIIOBOL;
e 0fHO 6OJIBIIIOE 3HAUEHHME A, PYToe 6IU3KO K HYJIIO — Kpait 00beKTa;
o 00a 3HaYEHHUsI L MAJIbI — OTHOPO/IHAS OOIACTb.
KitroueBble TOUKM ParKUPYIOTCs 10 GyHKIHM OTKINKA Xappuca (2):

R =det(M) -k - trace(M), (2)

rre k — ommupuaeckuit koabdunuent (tunossie 3HaveHust: 0,04-0,06).
Yem BeilIre 3HaUeHHE R, Tem GoJtee BBIpaKkeHa yrI0BaTOCT.

7151 TOJTy IeHuS 11eIeBOTO YKCIa TOUeK CHAYaIa yCTaHABIUBAETCS HU3-
KHII IIOPOT IeTeKTHPOBAHISL, IIOCIIE Ier0 OTOOPAHHbIE TOUKU YIOPSIOTN-
BAIOTCSI 110 Mepe Xappuca, ¥ BLIOUPAIOTCS TOUKY C HAUBBICIIUMU 3Hade-
HUSAMHA.

OnpepeneHne oprieHTaLN Yepes LieHTponn
VIHTEHCUBHOCTU

Onpefienienre OpHEHTAIMN OCOOBIX TOYEK B AITOPUTMAX KOMITHIOTED-
HOTO 3peHHs] OCHOBAHO HA AHAJIN3€ PACIIPeNleNIeHs] UHTeHCUBHOCTHU MUK~
cetel B JIOKaIbHOI 06acTy n3o6paskerus [2]. [I1st 9TOro UCIONB3YIOTCS
reoMeTprIeCKue MOMEHTHI — MATEMATUYECKHE XaPAKTEPUCTUKY, KO-
YeCTBEHHO OMUCHIBAIOIINE POCTPAHCTBEHHOE PACIIpeeieH e IPKOCTH.
TeomeTprdecKrie MOMEHTBI M300PaKeHUs. BBIOPAHHOT 061aCTH OTIpeesi-
f0TCst 1o criepytottiert popmyiie (3):

m = Zx"yql(x,y), (3)
Xy

rze I — IpKoCTh (MHTEHCHBHOCTD IIUKCEIS); X, Y — KOOPAMHATDI THKCEIs;
P ¥ q — BecoBbIe K09 hUIINEHTHL, 3aBUCSIIIIE OT ITOJIOXKEHISI TUKCEISL.

HyJieBoif MOMEHT My, COOTBETCTBYET CYMMApHOH SIPKOCTH 06JIaCTH,
a I1epBble MOMEHTBI M ¥ M); XapaKTEPU3YIOT CMeIlleHNe APKOCTH BIOJIb
ocenxmy.

LleHTpONI MHTEHCHBHOCTU — TOUKA, B KOTOPOH YCJIOBHO COCPEIOTOYEHA
«Macca» sIpkocT. KoOpAMHATEI eHTPOUA BHITUCISIOTCS IO HGOpMYy-
e (4):

m]O mOl
s

C= (4)

my, My,
Ota popmya aHAIOTUIHA PAacUeTy [EeHTPa MacC B HU3UTIECKUX CHCTe-

Max: 4eM BBIIIIe SIPKOCTh IIUKCeJIel B OTIpeesIeHHOM 30He, TeM B 00JIb-
111efl Mepe IeHTPOHT, CMeIIleH B ee CTOpoHy. OpHeHTAIMsI TOUKHU 3a0aeTCst

elcomdesign.ru

| 41 ]



| 4]

ucnbiTaHue n TeCTupoBaHune

yIJIOM 0 M@Ky TeOMeTPHIeCKIM LIeHTPOM aHanTu3upyemoit obmactu O u
neHTpouoM C. DTOT yroj BBIYUCISAETCS C IOMOIIBIO q)YHKL{I/II/I (5):

6 = arctg(m,,,m,, ), (5)

rje arctg y9uThIBaeT KBaJipaHThbI KOOpI[I/IHaTHOE)HJIOCKOCTI/I, O3BOJISS
IIPaBUJILHO OIpeeanTh HanpasieHue Bekropa OC. Yrou 6 orpaxaer Ha-
paBJieHIe, B KOTOPOM SIPKOCTh U3MeHsIeTCst HanbosIee pesKo, 9To fleslaeT
€ro KJII04eBbIM I1apaMeTPOM IS OIIMCAHUS JIOKAIBHBIX 0COOCHHOCTEH
U300PKEHUSL.

I[HH IIOBBIIIICHU S YCTOI“/I‘{I/IBOCTI/I K Bpalll€HNUI0 MOMEHTBI pacCIUTbhIBA~
I0TCs B KPYTOBOIT 00JIACTH Pafinyca I, PaBHOTO pa3Mepy aHaTH3UPyeMOit
ob6macru. [TocnenoBaTeIbHOCTb TOYEK Ul OMHAPHBIX CPAaBHEHUIT II0BO-
PavMBaeTCsl B COOTBETCTBHE C YITIOM OpUeHTAIuH 0co6oit Touku. [Tpumep
TAKOTo IIOBOPOTA IIPECTABIeH Ha PHUC. 2.

TecTupoBaHue IIEHTPOUITHOTO METO/A HA CHHTETHIECKHIX JAHHBIX (Bpa—
1LeHue IJIOCKOCTU + myMbI) II0Ka3aJ10, 9TO IeHTPOUIHBIN ITOAX0], obe-
CII€IUBACT CTa6I/IHbHyIO OLCHKY OpUEHTANU Ja)Ke [IPU 3HAYUTEJIbHOM
YPOBHE ILITyMa.

BpawarenbHo-nHBapuaHTHbi BRIEF

B aroMm pasgerne npencraBiena mogudukanus geckpunropa BRIEF,
obecreunBaroas HHBAPUAHTHOCTD K BPAIl[eHHUIO B Iu10cKocTu. CHavana
BBonuTCs KoHUenmus agantanuy BRIEF ¢ yaerom oprueHTanmu KioueBbIx
TOUEK, ! aHATU3UPYIOTCS €€ OTPAHWIEeHHsI. 3aTeM IPeiIaraeTcsi MeTOI Ma-
IIIMHHOTO 00y YeHusI UL BBIOOPA HEKOPPEIHPOBAHHEIX OMHAPHBIX TeCTOB,
bopmupyrormuit yryurenHslit geckpurop rBRIEF.

Adanmayus BRIEF k epaweHuto

Heckpunrop BRIEF [3] mpencrasnsier co6oit 6uHapHOE onucaHme 00-
JacTy n300pakeHuss, PopMHUpyeMoe ITyTeM CpaBHEHsI HHTEHCUBHOCTA
map nukcesnei. [t 061acTu H300pasKeHUs P KKIBIA 7leMEHTaPHBII TeCT
ompefensieTcs Kak OnHapHast QyHKIms (6):

1, eciu p(x) < p(y)

; (6)
0, ecim p(x) 2 p(y)

(p,X,y) =

rzie p(x) u p(y) — IHTEHCHBHOCTD B TOUKaX X 1 y. Jeckpuntop f,(p) dop-
MHPYeTCsI Kak OMTOBasI CTPOKA IJIMHBI N, T7Ie KOKIBIA OUT COOTBETCTBYeT
Pe3ynbTaTy OTHEIbHOTO TeCTa T. DTO BhIpakaetcst popmynoii (7):

fn (p) = 22171 T(p;Xi’yi)> (7)
I<i<n
YTO HKBUBAIEHTHO OObEIUHEHNIO OUTOB B I1€JIO€ YUCIIO, IIe IO3ULIUS i-TO
6uTa KOLUPYeT pe3y IbTaT CPaBHEHMUs i-If Tapbl TOUEK.

Ilst ob6ecrievenust naBapuantHocty BRIEF K oBOpoTaM B IIIIOCKOCTH
IIpeJIaraeTcsi OCyILIeCTBUTD YIIpaBIsieMOe BpallleHre IeCKPUITOPa B CO-
OTBETCTBUH C OpUEHTAI[Hell 0COOBIX ToUeK. JIF060i HabOp MPU3HAKOB 13
n OMHAPHBIX TeCTOB B o6mactu (X;, y;) Oy/er 3aman MaTputieil S pasmepom
2xn (8):

X e X
1
S= " (8)
yl : yn
| |
4 6 30° / 5
— Z2 a
> 1 1d
“1 N /\ ~x2
3 2 5/ 3
I
Puc. 2. MpyMep NoBopoTa NOC/IEA0BATENBHOCTY TOYEK, TAe 1 — 0cobas Touka, 2-6 —

nocnefoBate/ibHOCTb TOYeK

Vcxopublit Habop KOOPAUHAT (X;, ;) YMHOKAETCSI HA MATPHILY ITOBOPO-
Ta Ry, 13 gero hopmupyercst Bpariiaemplit HaOop ToIeK (9):

S, =R,S. )

Dr0 npeobpasoBanue 06eceINBaET ANANTHPOBAHHOCTD JAECKPUNITOPA

K OPHEHTAIMH KII09eBOI TOYKHU, COXPAHss ero MH(POPMATUBHOCTD IIPU

BpallleHnH U300pakenust. Torma BparaeMslil TecKpuITop g, (p, 0) ompe-
nemsiercst popmyor (10):

2,(p.0) =1, (p)|(x;,y,) €Sy (10)

Aucnepcusa 6umoebix npusHakoe 8 deckpunmope BRIEF

BasxabiM cBotictBoM peckpunrtopa BRIEF sBisercs To, 4TO Ka&XKIbIi €T0
OUTOBLII IIPUSHAK MMeeT BHICOKYIO AUCIIEPCUIO IIPH CPeIHEM 3HATCHUI,
61uskoM k 0,5. [lucrepcnst — oKa3aTesb TOro, B KAKOH Mepe 3HaueHUs
IPU3HAKA MEHSIOTCSA MEXIy pasHbIMU oOpasnamu. CpenHee 3HaYeHHE
oko10 0,5 03HaYaeT, ITO OUT IPUMEPHO OPOBHY IPHHIMAET SHATCHHS
0 u 1, uTo ObecIiednBaeT MAKCUMAIBHYIO AUCIIEPCHIO (MAKCUMAIBHAS THC-
nepcust 1yt GuHApHOTO npusHaKa pasHa 0,25). Takas CUTYaIus SBISETCS
KpariHe 0JIaTONPHSATHOMN, IOCKOJIBKY CIIOCOOCTBYET BHICOKOI Pa3InINMO-
CTH Pa3HbIX 0OBEKTOB.

Opnaxko xorga BRIEF opueHTHpPYIOT B COOTBETCTBUU C HAaITpaBIeHNEM
ocoboit Touku (Bparnaemsiit BRIEF), pacripenenenue cpefHux 3HadIeHHi
OHTOB CMEIIAeTCS, ¥ AUCTIEPCHS CHIDKAETCSL. DTO IIPOUCXONUT IOTOMY, ITO
OPHEHTUPOBAHHbIE 0COObIE TOUKH CO3TAIOT 60JIee ONHOPOIHBIE YCIOBUSL
171t OMHAPHBIX TECTOB, M3-3a Yero IPU3HAKU CTAHOBSTCS MEHee Pa3Ho-
06pa3HbIMIL.

BrlIcokast mucriepcus MOBBIIIAET JUCKPUMUHATHBHOCTD — CHOCOOHOCTH
IPU3HAKOB BBIEJLITH Pa3Hble 00LeKThL. KpoMe TOro, BaXKHO, ITOObI 611~
HapHBIe TeCThbI GbUIH HEKOPPETUPOBAHHBIMIL, TO €CTh He IIOBTOPSUIA APYT
IpPYTa, 4TOODI KKABLI TeCT BHOCKT YHUKATIBHYIO HH(DOPMAILIHIO.

O6y4eHUe oNnMUMasnbHbIX 6UHAPHBLIX NPU3HAKOB

Jlns KomIeHcanuu rotepu gucnepcun Bo spamjaemoM BRIEF mpume-
HSIETCSI «KaIHBII» ITOPUTM 0TOOpa. B KadecTBe TPEHHPOBOIHOrO Habopa
HCI1071b3YI0TCs 100 TBICST 0COOBIX TOUEK, B3ATHIX U3 6a3bI H300PasKeHHIA.
Kaxmast ocobast Touka mpencrasister co60¥t 061acTh M300paKeHHUs pas-
MepoM 31x31 nukcenb. BEyTpu aTux o6acTeil paccMaTpHUBAIOTCS BCe
BO3MOJKHBIE OHHAPHBIE TeCTHI, (POPMUPYeMbIe IyTeM CPaBHEHHUS [BYX
Y4acTKOB padMepoM 5x5 nukcenei. Takum 00pa3oM, KaKIbLid TeCT — 3TO
Iapa TaKUX yIaCTKOB, PACIIONIOKEHHBIX B PA3HBIX 30HAX 00J1acTH U306pa-
Kenust 31x31.

[TockobKy BO3MOKHBIX ITap YIaCTKOB 5x5 MHOTO, CHauasIa NCKITI09a-
IOTCSI T€ TECTBI, Y KOTOPBIX 9TH YIACTKU ITepeceKaroTcsl. DTO JieTaeTcsl BO
u36exaHue mepen36bITKa NHGOPMAIUH 1 MOBLIIIEHIST KAIeCTBa [IPU3HA-
koB. [Tocie onmucaHHBIX IEHICTBHI OCTAETCs IPUMEPHO 35 THICAY YHHKAb-
HBIX OMHAPHDIX TECTOB.

Jlanee Bce OcTaBIIIeCs TeCTI OLIEHUBAIOTCS 110 TOMY, HACKOJIBKO OJIN3-
KO CpefiHee 3Ha4YeHNe pe3yIbTaToB TecTa k 0,5. Kak y»ke ynmomunanocs, aTo
3HaveHre 06eCreYnBaeT MaKCUMAIbHYIO MUCIEPCHIO, @ 3HATUT, U BBICO-
Ky10 nH(POPMATUBHOCTb. Bee TeCTBI COPTUPYIOTCS [0 9TOMY KPHUTEPHIO,
hopmupYyS yIOPSIOIEHHBIIT CITICOK — BEKTOP T.

3aTeM IPUMEHSETCS KAAHBI» aITOPUTM OTOOPA: IIePBLII TECT U3 T
aBTOMATUYECKU NOOABILETCS B UTOTOBLII Ha60p. Kasxzpiit cinenyromuit
TECT U3 T CPaBHUBAETCA C YK€ BLI6paHHLIMI/I TeCTaMU B U'TOTOBOM Ha60pe
TI0 CTeTeHH! KOPPeJIAINY, TO €CTh OIPefeIIseTcs], B KAKOH CTeNeHN pe3yib-
TaThl TECTOB IIOXOKH JAPYT Ha npyra. Eciiu Koppensmus ¢ JIFoObIM U3 BbI-
OpaHHBIX TECTOB IIPEBBIIIACT 3apaHee YCTAHOBJICHHBII IIOPOT, HOBBIH TECT
0TOpacsIBaeTCs BO n36exkaHue H30bITOIHOCTH. Ecu Koppesisiius Hike
IIOPOTa, TeCT H00ABISAETCSI B UTOTOBLIIT HAGOP.

DTOT ImpoIIecc MpofoDKaeTCs IO TeX IOp, II0Ka B UTOTOBOM Habope He
OK@)XYTCsI 256 TECTOB — UMEHHO CTOJILKO OUTOB COCTABIISIIOT JUIUHY Jie-
ckpunropa rBRIEF. Eciin Ha kKakoM-TO 3Tare 0Ka3bIBaeTCs, YTO MOAXOMIS-
HIUX TECTOB HEAOCTATOIHO, ITIOPOT KOPPEIANUN ITOCTEIIEHHO ITOBLINIAETCS,
U TIOVCK [IPOJI0JDKAETCS] 3aHOBO, YTOOBI PACIIIUPHUTD BBIOOP.
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Puc. 3. CHUMKM 13 060X HabopoB U306pakeHNii

B pesybrare TaKoii TIATEILHOI U IIOCICNTOBATeIBHON CelTeKIHI Bop-
MEpyeTcst HaOop OMHAPHBIX TECTOB, KOTOPbIe 061aIal0T BEICOKOI I1C-
nepcuelt U HU3KOM Koppesnueii. OTo noaposseT geckpunropy rBRIEF
3Ha4YUTeIbHO NpeB3oiiTh Bpamaemblit BRIEF mo kavecTBy nmpusHakos — oH
JIydIlle pa3andaeT OObeKThI M YCTOMYMB K IIOBOPOTAaM H LITyMaM.

OueHka a¢pdpektusHoctn merona ORB

B ar0it 9acTi paboThI IPOBOAUTCS OLeHKA 9P PeKTUBHOCTH ABYX METO-
108 — oFAST u rBRIEF, HHTerpupoBaHHbIX B eUHBI KOMOMHUPOBAHHBII
anroput™m ORB. JI71s1 OI[eHKH HCITOIb30BATUCH [1BA HAOOPa H300PaKEHMIT:
HepPBBII HAOOP — H300payKeHUS C HCKYCCTBEHHBIM TOBOPOTOM B IIIOC-
KOCTH ¥ UCKYCCTBEHHO JOOABJICHHBIMU LITyMaMU, @ BTOPOI — PeaJIbHbIE
¢dororpadun HHTErpaIbHBIX MUKPOCXEM, CIETAHHbIX IIOf] PA3HBIMU pa-
Kypcamu. IIpumeps! CHIMKOB 13 060uX HAOOPOB U300 paKeHHI TIpef-
CTaBJICHbI Ha PHC. 3, Tle CHHUM LIBeTOM 00BeeHa IPYINa CHIMKOB U3
epBOro HabOpa, a KPACHBIM — U3 BTOPOTO. JIJIst KasKIOro N306pasKeHus
BBIYHCIISUIUCD KII0YeBble TOUKH ¢ IToMoInpio oFAST 1 cooTBeTcTByIOIIIIE
neckpurtopst rBRIEF, mocite 4ero ocyImecTBIsuIoch MoIHOe epe6opHoe
COTIOCTaBJIEHNUE IECKPUIITOPOB JULS TIOUCKOB HAMTYdIITINX COOTBETCTBUIL.

Ha cunretndeckom Habope ¢ 106ABICHHBIM IIYMOM KIaCCHIeCKUI
BRIEF pesko TepsteT KadecTBO IIOCIIe IOBOPOTa 6ortee 5°, Torma kKak y ORB —
HAMBBICIIAs TOYHOCTD, IIPU KOTOPOH J0CTUIraroTcst 80% IMpaBUILHBIX COB-
najenuit. bonee Toro, ORB umeeT BLICOKYIO yCTOHIMBOCTD K HOSABIEHUIO
IIyMOB Ha n306pakenun. Takum o6pasoM, y ORB — BbICOKast TOIHOCTD U
YCTOHYMBOCTD K IIOBOPOTAM H IIIyMY, YTO AenaeT ero 9 deKTHBHBIM HH-
CTPYMEHTOM JIJIsl HEKOTOPBIX 3a/1ad BU3YaTbHOTO KOHTPOJIS KauecTBa U3~
TeNi C NCIOIb30BaHNEM KOMITBIOTEPHOTO 3peHHs. DKCIIePIMEeHTAIbHbIE
uccIenoBanus moxTeepamwin, 1to ORB crocoben addexruBHO paboTaTh
Ha MaJIOIIPOM3BOJUTENBHBIX YCTPOHCTBAX, COXPAHsSA Ka9eCTBO COIIOCTaB-
JIeHNs Ha YPOBHE KJIaCCHUIecKUX MeTonoB. OTamdauTensHon ueproit ORB
SIBJIIETCS €70 OTKPBITAsl INLIEH3MOHHASI MOJIENb, YCTPAHSIONIAs FOPU/IITIec-
Kue 6apbepsl U BHEAPEHNS B KOMMePIeCKUe IPOIYKTBL.

Takum o6pasom, ORB npeuraraer ajbTepHaTHBY PeCypCcOEMKIM aJIro-
PUTMaM I OTKPBIBAaeT HOBBIE BO3MOXKHOCTH [Is1 Pa3pabOTKU HHTEJIIeK-
TYaJIbHBIX CUCTeM KOHTPOJISI KadecTBa, (PYHKI[MOHUPYIOIIUX B YCIOBH-
AX JKECTKUX OIPAaHMYEHUH 10 9HEPTOIOTPEOJICHHIO U BEIYUCIUTEIbHOMI
MOIIIHOCTH.

Macwrabupyemoe conocraBneHue 6MHapHbIX NPU3HaKoOB

B aToM pasziene JeMOHCTPUPYETCS IPEBOCXOACTBO HOBOTO aITOPUTMa
ORB B 3aagax moucKa Han6osee MOX0KUX 00BEKTOB IIPH paboTe ¢ KPyI-
HbIMH 6asamu n300pakenuit. KimodesbiM npenmyrnecrsoM ORB sBiseTcst
€ro CII0COOHOCTD COXPAHSITH HH(DOPMATUBHOCTD IPU3HAKOB JaKe IPU
3HAYUTEeIBHOM Pa3dpoce JaHHBIX.

Adanmayus memoda LSH 0nsa rBRIEF
ITockonbky rBRIEF siBisieTcst OMHApHBIM IECKPUIITOPOM, OH UAEATHHO
aIaNTHPOBAH JUIS OMCKA OXOKHX 00BEKTOB C UCIIOIb30BAHIEM METO-
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UCnbiTaHWe N TeCTUpoBaHne

Jla JIOKaJIbHO-9yBCTBUTENbHOTO XerpoBanust LSH [4]. LSH siBistercst
QITOPUTMOM, TPYIITHPYIOLUINM TaHHBIE B XoII-Tabaunsl. Kaxxnas takas
TabINIa pacIpenesnsieT JeCKPUITOPEL II0 CerMEHTaM Ha OCHOBE X Cy6-
CUTHATYP — KOPOTKHX (pparMeHTOB GUTOBOI IOCTeI0OBaTeIbHOCTH. [1pn
IIOKCKe COBIIANEHMUIT IPOBEPSIIOTCS TOJIBKO T€ AECKPHUIITOPDI, KOTOPLIE [0~
II4[AI0T B Te JKe CETMEHTBI XOIII-TabIUI[BL, UTO U 3aIPOC, 6Iarofapst uemy
COKPAII[AETCSI TUCTIO CPABHEHMIA.

Jlist moBbImeHust 9 PeKTUBHOCTU IPUMEHSIETCSI MHOTO30HOBBII
(multi-probe) LSH [5], aHanusupyomuuit He TOJIBKO TOYIHOE COBIIA/ICHIE
cy6curHatyp, HO 1 ux GJIrpKaiiie BApHAHTLL. DTO [03BOJISIET CHU3UTD
KOJIMYECTBO XIIII-TAOJINII, CMATIUTH TPeOOBAHUS K IIAMSITH, @ TAKOKe YCKO-
PUTH IOUCK 61arofapst UCIOIb30BAHMIO O0Iee UIMHHBIX CyOCHTHATYP,
COKPATHB pa3Mep CErMEHTOB.

BoiBOAbI

ITpuBeneHbI pe3yIbTaThl HCCIELOBAHMUS ABTOPOB B paboTax 10 IO~
BBIIIEHNIO 9 (HeKTUBHOCTY aHAIN3a KITIOUEBEIX 0COOEHHOCTEH 1306pa-
JKEHUH IMyTeM IpuMeHeHus: 6uHapHOTro geckpuntopa ORB B 3amauax
ABTOMAaTU3MPOBAHHOTO BU3yaJbHOIO KOHTPOJIS KadecTBa U3/ eNni
Mmuxpostextpouuku. Kombunuposanusiit Meror (KM) ORB, o6benu-
Hsomuit MoguduIupoBaHHLIil teTekTop 0FAST ¢ BpalaTebHO-UH-
BapuaHTHBIM feckpuntopoM rBRIEF, obecrednBaer BLICOKYIO yCTOM-
9UBOCTb K TeOMETPHYECKUM IPe0Opa3oBaHUsAM U BO3[CHCTBHIO LITyMOB,
COXpaHsISI IPU 9TOM BEIYHCIUTENbHYI0 9 ()EKTHBHOCTD U KaIeCTBO
COIIOCTaBJIeHNs Ha yPOBHE KJIaCCUUeCKUX MeTof1oB. [IpakTudeckas 3Ha-
9UMOCTb PabOTHI IOATBEPXKIEHA ycemHbIM BHenpeHneM KM ORB B
CHCTEMBI KOHTPOJIS KaueCTBa, GYHKINOHUPYIOUIUX Ha IPeAIPUSTHIX
9JIeKTpOoHHOI npoMmbiiieHHocTH. AITAK paspaboran crenuaaucraMu
AO «IIKDb «Jle#iToH», yCTaHOBJIEH U 9KCIUTyaTUPYeTCs Ha psfe Mpe-
IIPUATUI OTPAC/IH, IPHHOCHUT CYIIeCTBEHHBII 9KOHOMIIecKuit 9 dexT,
B TOM 9HCJIe C UCIOIB30BaHUEM OCOOBIX KII0UEBbIX TOUEK B KOMOMHI-
posarHOM Metone ORB.

Onmoit u3 po6iIeM, KOTOPYIO MBI IITAHUPYeM PacCMOTPETh B CIIELY -
IOIINX y6INKANUSX, IB/LIETCS aHAIN3 f[eeKTOB Ha 00BEKTax CJI0XKHOM
bopMBI I ITPH HEOPTOTOHATBHOM CheMKe. XOTsI MBI HCIIOIb3yeM YCTOM-
YUBBIH K BpalleHuio u mymy aeckpuntop KM ORB, Mb1 He nccnenoBamu
KOMIIEHCAITHIO TPOEKTUBHBIX NCKAKEHNH, BAKHYIO JIJIsI TOYHOTO CPaBHe-
Hus ¢ 9TanoHoM. bynymras paboTa Taroke BKIIOUaeT B cebst pa3paboTKy
[I0IIX0/a Ha OCHOBE TOMOTPaduH [ULs KOPPEKIINH [ePCIEeKTUBBI X TOIHOTO
COBMeEIIIEHIST N300PasKEHUIT, YTO MOYKET CYIIIeCTBEHHO YIYUIIUTD HAZIeK-
HOCTb aBTOMAaTH3MPOBAHHOTO KOHTPOJIsSI TeOMETPUIECKUX ITapaMeTpOB
neexToB.
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