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B TpagunmonHoit mocTaHOBKE 3ajata CEMAHTUYIECKOH CermMeH-
TaIUM M300PaKEeHWil HMCIOJIB3yeT O0YUAIONIYyI0 BBIOOPKY H300pa-
JKeHUil, pa3MedeHHBbIX monuKceabHo. [losydyenune Takoit pasmer-
Kr TpeldyeT 3HAUYMTEbHBIX desioBevuecKux ycumit. [Ipennaraercs
MeTOJ; 00yUYeHNs CEMAHTUIECKON CErMEHTAIINN, TO3BOJISIONIANA HC-
[TOJIb30BATH MEHee MOAPOOHYI0 NH(MOPMAIIIIO, Oy YeHIHe KOTOPOit
Ha MIpaKTuKe TpebyeT MeHbIe YCUINi, HAIIPUMED, TIJIOTHbIE PAMKHI
BOKPYT O0BEKTOB Ha M300PAKEHUN WMJIM MHOXKECTBO YHHUKAJIHHBIX
MEeTOK M300parKeHMUsl.

KuroueBble ciioBa: MalnmmHHOe O0OydYeHUe, CTPYKTYPHBIN Me-
TOJI, OMIOPHBIX BEKTOPOB, (PDYHKIHUS MOTEPh, CEMAHTHIECKAs CEIMEH-
Tanusa n300paKeHUI.

1. BBeaenue

MHoOrok/1accoBasi CeMaHTUIECKasl CETMEHTAIsT N300PasKeHNH 3aKTO-
9aeTcst B TOM, 9TOOBI KazKJIOMY HMUKCE/II0 N300paykeHust COMOCTaBUTD MET-
Ky KaTeropuu U3 3apaHee OlPEJIeJIEHHOIO MHOKECTBA (pe3yJIbraT CerMeH-
Taruu n300pakeHust Ha puc. la npuseséH Ha puc. 16). CemanTHuecKast
cerMeHTanus — oJHa n3 PyHIAMEHTAIbLHBIX 3a/1a9 KOMILIOTEPHOTO 3pe-
HUS, IOCKOJIbKY K Heil CBOJSITCS JPyIrHe BaykKHble 3aaun. Ecim n3BecTHbl
MacCKH BCEX OOBEKTOB Ha M300pPayKeHWH, TO CTAHOBATCH TPUBHAJLHBIME
381091, HAIIPUMED, JeTEKTUPOBAHUSA OOBEKTOB OIPEICICHHON KATeropun
u ux nogcdéra. C Apyroii CTOPOHBI, MOJIYYEHHE CEMaHTUYECKOl cer-
MEHTAIlUU B SIBHOM BHUJE TpeOyeTcsa B NPUKJIAJIHBIX 3aJa9aX, TAKIX KAk
ABTOHOMHAs HABUTallUsl aBTOMOOMIIEl |1], oreHKa mo3sl YesioBeka 2] uiu
BOCCTAHOBJIEHHE TPEXMEPHOi CTPYKTYPBI CIEHBI [3].
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[Ipr obydeHHE aJrOpUTMa CErMEHTAIMH CJIOKHOCTH ITPEJICTABIISET
pasMerKa m306parkeHuit 00y yarorieil BLIDOPKU — OHa TPeOyeT 3HAUUTE b
HBIX 9eJI0BedecKnX ycuanit. B omimane or mosmoii (cuavrotl) pasmerky,
TOpAa30 MPOITE TOIYIUTh CAGOYI0 aGHHOMAUUI T30OPAZKEHUST, TIOM, KOTO-
POt MBI TIOHUMAEM HEKOTOPYIO CTATUCTUKY OT TOJHON pasmeTku. [Ipume-
paMu CJ1a0bIX AaHHOTAIIAN CJIyKaT METKI M300parKeHsl, KOTOPhIE OTPasyka-
IOT NMPUCYTCTBUE WJIM OTCYTCTBUE KATErOpUil; METKHU TN, KOTOPbIE
cozeprKaT YUCI0 MHUKCeaeil KaXKI0i KaTeropuu Ha M300parKeHun; Habop
MJIOTHBIX PAMOK JIJIsT OOBEKTOB, MPUCYTCTBYIOMNX B Pa3METKe; a TaK¥Ke
HabOP CEMSIH — TIOJIMHOXKECTB KOODP/IUHAT MUKCEIeH, MTPUHAJJIEIKAIINX
obbekram (puc. 1). Hampumep, B Habope mannbix PASCAL VOC 2012
rosibko 2913 u3 11540 (25%) uzobpazkenuii pasMedeHsbl TOJHOCTBIO, JJIst
OCTaJIbHBIX U3BECTHBI TOJIBKO IIJIOTHBIE PAMKH HEKOTOPBIX KATErOpuii 00b-
exkToB. Jlazke eciaum TPOIEcC pasMeTKH MOXKHO KOHTPOJIMPOBATH, HUMe-
€T CMBICJI HCIOJIB30BATh Pa3JIMIHbIe TUIIBI AHHOTAIWI, MOCKOJBKY OHU
JIyUIe XapaKTEePU3YIOT Pa3jindHble CeMaHTHIecKne Kareropuu. Hampu-
Mep, KaTeropuu-oObeKThl (Takue Kak 3HaK, KOpo6d, a8momobuAb) XOPO-
1110 OIUCHIBAIOTCS PAMKaMHU, a Kareropun-hon (Hebo, mpasa, 600a), KOTO-
pble OOBIYHO 3aHUMAIOT 3HAYUTEILHYIO YaCTh U300ParKEHUsT, — METKAMU
M300ParKeHNsI.

B nureparype onmcaHbl METOJIBI, KOTOPBIE UCTIONB3YIOT CJIabble aHHO-
Tanun i 00y9eHnst CEMAHTUYECKONH CEerMEHTAIuu, HO OOJIBIINHCTEO U3
HUX UCIIOJIb3YIOT TOJLKO MeTKH m3obpazkenus. Hamnpumep, Bexkueser, u
ap. [4, 5] uconb3yoT BeposTHOCTHYIO rpaduuecKyo Mojesb Hajl Habo-
POM U300pazKeHuit, YToObI PACIPOCTPAHATH HHMOPMAIIMIO O IIPEJIIoIara-
eMOll paszMeTke MexK Ty n3o0parkeHusgMu. B 3T0i cTaTbe MbI IIPeACTaBIIsI-
€M MEeTOJ JIt O0ydYEHUsT CEeMAHTUIECKON CErMEHTAIMH 110 CMECH CHJILHO-
1 CJIab0AHHOTUPOBAHHBIX U300parkeHuil. MeToj 103BoJIsieT yUUThIBATD
pasHble TUILI Caab0i aHHOTAIMN, JasKe B PAMKAX OJHOI0 M300pasKeHns.

Pabora basupyercst Ha HeTaBHUX UCCACTOBAHUSX IO UCIIOJIb30BAHUIO
MeTOo/Ia OIIOPHBIX BEKTOPOB € JIATEHTHbIMU HiepeMeHHbiMU (latent-variable
structural support vector machines, LV-SSVM) nus 3anaa obydueHust co
caabpiM HabsosieHneM |6, 7, 8]. B otsindne oT HUX, HAIII METOJ| UCIIOJIB3YeT
CHeIUAIU3UPOBaHHbIE (DYHKIUU IOTEPh, KOTOPLIE H3MEPIOT PACCOIIACO-
BAHHOCTH Pa3MeTKH, [IPEJICKA3aHHO aJropuTMOM, ¢ BEPHOil (BO3ZMOXKHO,
cs1aboit) aHHOTAIUel JaHHOrO n300parkenust. Mbl onpeiesisieM 311 dhyHK-
[UU TI0TE€Pb TaK, YTOOBI OHU OIEHUBAJIM MATOXKUIAHUE PACCTOSTHUS X3M-
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(6) Iosnnast pasmerka.

(B) AnHOTaIUS C TIOMOIIBIO paMKH. (T) AHHOTAIUS C IIOMOIIBIO CEMEHH.

Hebo camonéT aepeBo TpaBa

(1) AHHOTAIMS METKAMH M300parKeHNUSI.

Puc. 1. Pasmmunnie Tunbl apHoTanmit A1 M300parkeHus N3 HAOOpa TAHHBIX
MSRC.

MUHTa OT PasMeTKH, MPEeACKA3aHHONH aJITOPUTMOM, JI0 PA3METOK, YAOBJIe-
TBOPSIONINX CJIa00N aHHOTAINKM M300pazkeHusi. bjarogapst TakoMy Orrpe-
HeaeHnio, (PyHKINN, CIENUaJIN3UPOBaHHbIE IS Pa3HbIX THUIIOB aHHOTa-
uii, ompeesieHbl B oaHOM MaciiTtabe. Takum oOpas3omM, HAIIT METOT, COIEp-
JKHUT TOJIbKO OJIH TUIIEPIIapaMeTp, KOTOPBI PeryJaupyeT OTHOCUTEIbHbIM
BKJIQJ] ITOJTHOCTBIO Pa3MeUYeHHBIX U CJIaD0AHHOTUPOBAHHBIX JaHHBIX. OH
HeOOXO/MM, ITOCKOJIbKY IIOCJIEIHME OOBITHO MeHee MHMOPMATHUBHBLI. MbI
SMIIMPUYECKHU ITOKarKeM, KaK OaJJaHCHUPOBaHUE STOrO IapaMeTpa MOXKET
VIIYUIIATh KAIeCTBO CEerMeHTAIUH.

st Toro 9robnl 06yuuTh LV-SSVM ¢ ncrnonb3oBanneM pas3aindHbIX
THUIIOB aHHOTAIHIl, HEOOXOIMMO OIIPEIEJINTh CIIEIUAIN3NPOBAHHBIE (DYHK-
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nuu norepb. s BBeIEHHBIX DYHKIUI TOTEPh HEOOXOIUMO OIUCATH AJi-
TOPUTMBI 6516004, J0NOAHEHH020 GYHKUUET nomeps U 6618004, CO2AGCO-
8anH020 ¢ anromayued. 1lepBblil aJropuT™M BBIBOJIUT PAa3MeETKy H300pa-
JKEHUsI, BBHICOKO PAHXKHUPYEMYIO TEKYIIel MOJEIbIO, HO IIPU ITOM CHJIb-
HO OTJIMYAIONIYIOCS OT BEPHON aHHOTAITNHU, & BTOPOI BBLIBOIUT Pa3MeETKY,
BBICOKO PAHXKHMPYEMYIO TEKYIIell MOJIEJIbIo, IIPU STOM COIVIACYIOILYIOCH
¢ BepHOii aHHOTaImeil (1t c1abblX aHHOTAIUIT CYIIECTBYEeT MHOXKECTBO
Pa3MeTOK, COIIACYIONMMXCst ¢ HUMU). MbI 1ToKazkeM, Kak pelrarb 5TH Oll-
TUMU3AIUOHHBIE 331a9U JJIsI PA3JUIHBIX (PYHKIUN [MOTEPh, UCIOJIB3YsI
3¢ deKTuBHBIE KOMOMHATOPHBIE AJITOPUTMBI, OCHOBAHHBIE Ha Pa3pe3ax B

rpadax.

CBa3b ¢ HpeablAyIIMMH WUccjeaoBaHuaMu. Hama pabora TecHO
cesizana co crarbéii Kymapa u ap. [7], KoTopble ncnosb3oBam momaro-
BBIfT METOJ| OOYUIEHUsT CEMAHTUYIECKON CETMEHTAIUN 0 N300PaKEHUAM C
pas/IMIHBIMI TUIaMK aHHOTaImil. VIx Meron cradasa obydaer LV-SSVM,
UCTIOIB3YIONTUH (DYHKIINN TIOTEPD, ONPEJIEJIEHHBIE JIJIsT YACTUIHBIX PazMe-
TOK (OJIMH U3 BHUJIOB CJaObIX aHHoTaImii). [Ipr 9ToM BBIBOJ, JTOMOTHEHHBILI
yHKIMEH TOTeph MPOU3BOAUTCS C MOMOIIBIO aJrOPUTMa UTEPATHBHOIO
OBHOBJIEHUsT MOJI YCJIOBHBIX pactpeseseruii (ICM ), KoTopblii cxoaurcst
JINITB K JIOKAJIBHOMY MHUHAMYMY, IIO9TOMY TPeOyeT Ka4eCTBEHHON MHUIIN-
aymzaruu. C MOMOIIBI0 0OYYEHHOW MOJIE/IN BBIBOIATCS YACTHYHBIE Pas-
METKHU JJI CJIa00aHHOTHPOBAHHLIX M300ParKEeHUi, COTJIaCOBAHHBIE C WX
AHHOTAIMSIMHU, 38JJAHHBIMY B BHJIE PAMOK WJIM METOK m300paskenusi. Mo-
JIeNIb 3aTeM J1000y9aeTcsl, IIPH 9TOM BBIBEICHHbIE YACTUYIHBIE PA3ZMETKH
pPaccMATPUBAIOTCA KAK BEPHBIE YACTUIHBIE PA3METKY JJIA 9TON YaCTH BbI-
6opku. B ommane or Kymapa u jap. [7| Mbl ucnosb3yem creruain3upo-
BaHHBIE (DYHKIMU MOTEPDH Ui PA3JIMYHbIX TUIIOB AHHOTAIMN, KOTOPBIE
MUHUMU3UPYIOTCS OTHOBPEMEHHO TpH 00ydYeHur. TakuM oOpa3oM, Halll
METOJI HE Hy?KJAETCH B «3arpy304HBIX» O00y4Yalomnx JAaHHLIX BPOAE da-
CTUYHO pa3MedeHHBIX n306paykennii. Kpome Toro, Mbl onpejiensieM pyHK-
[IUY TOTEPh TaK, 9TO BO3MOYKHO HCIIOJIb30BATH 3(DMEKTUBHBIE AJITOPUTMBI
BBIBOJ[A, BMECTO HCIOJIb30BaHus 3ppucTuku ICM. Takxke MbI ommcbiBaeM
HECKOJILKO JIPYTHE THIBI CJIA0BIX aHHOTAINIA.

OyHKIUU OTEPb, UCIOJb3YEMbIE HAMM, HE BCErJa JOIYCKAIOT BbI-
BOJI, JIOTIOJTHEHHBIH (DYHKITHEH MOTeph, KOTOPBIH JIEKOMIIO3ZUPYETCsT HA WH-
JIMBUIyaJIbHbIE [EPEMEHHBIE. AHAJOIMYHBIE 338491 PEIIAIOTCA TAKXKE B
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HEJIABHUX WCCJIEJOBAHUSIX 10 OOYUIEHUIO HA CHUJIBHOW pa3MeTKe C Hejle-
koMmosupyeMmbivu dyukimsivu morepsb |9, 10]. Thrermep u Ko [9] uc-
[OJIB3YIOT (PYHKIIUU [TOTEPH CO CJAra€MBIMI BBICOKOI'O MTOPSIIKA, KOTOPHIE
mTpadyoT pasHUILy B IJIONA/IN [1eJIEBOI KATErOPUH IJIsT OMHAPHBIX pas3-
MeToK. OHM MOKA3bIBAIOT, KaK WCIOJB30BATH paspesbl Ha rpadax s
3¢ eKTUBHOrO BBIBOJIA, MOMOJIHEHHOTO dyHKImelh norepnb. Tapioy u Lle-
Meib [10] mCcrnosb3yoT BBIBOJL € TIOMOIIBIO TIepeiadn coo0IeHuii mpu 00y-
YEeHUU CTPYKTYPHOI'O METOa OIOPHBIX BEKTOPOB I TPEX PA3JIUIHBIX
GyHKIMIT TTOTEPH, MTPadYIONUX: OTKJIOHEHNE 0T Pa3METKH, 3aBUCHIIEe
or wiomagu (PASCAL VOC loss), HEJIOCTATOUHYIO MOJHOTY PaMKHU U
CUJILHOE HapyIeHNe IPUMEPHON I'PAHUIIBI CEIMEHTAIINHN.

HoBusua pa6OTI)I 3aKJ/II049aeTcd B Cjieayroiiem:

e MBI IIpe/jlaraeM MeTOJ OOYYeHHsS CEMaHTHIECKON CerMeHTAITHH
nzobpakeruit, ocuoBanublit Ha LV-SSVM, KOTOPBIit MUHUMU3UPYET
pazauunble DYHKIUN [TOTEPDh, CIEIUAJIM3NPOBAHHBIE JJIS Pa3/Ind-
HBIX BHUJIOB aHHOTAIWI;

e MbI ompejieisieM (DYyHKIUU MMOTEPb JJIsi TPEX IOMYJISIPHBIX THUIIOB
AHHOTAITHIT (TOMIMO ITOJIHOM pasMeTKH M300parKeHus1) U X KOMOU-
HAI: METOK U300parkeHusl, IJIOTHBIX PAMOK U CEMsiH OObEKTOB;

e MBI mpejiaraeM 3pOEeKTUBHBIE aJTOPUTMbBI BBIBOJIA, HEOOXOIMMbBIE
qytst ooydenusi LV-SSVM ¢ BBei€HHBIMEU (DYHKITUSIMU TIOTEPb.

2. CTpyKTypHBIii MeTOJ OHNOPHBIX BEKTOPOB C
JJATEHTHBIMU TTepeMEeHHBIMU

2.1. CrpykTypHOe 00y4YeHUe [IJisi CEeMaHTUYIECKOI cer-
MEHTaIuun

B s70it nojiceknum Mbl (hOPMAIBLHO OIPEIETUM 3a]]a9y CTPYKTYPHOTO
0o0ydJeHMs Ha, OCHOBE MAaKCUMU3AIMKM OTCTYIA M ITOKAYKEM, KaK OHa IIPH-
MEHSETCH K 33/1a9e CEMAHTUIECKON CEerMEHTAINNA M300PaKeHui.

[Iycte X — HEKOTOpOE MPOCTPAHCTBO HADJIIOJAEMBIX ITPU3HAKOB, a
Y — IpOCTPAHCTBO HEHAD/IOAAEMBIX OTBETOB. Kak mpaBmiio, B CTPYK-
TYPHOM ODYYEHUU OHU OIUCHIBAIOT CJIOXKHBIE OObEKTHI, HAIIPUMED, I1EJIbIE
n300parkeHusi, u 001a1a10T OOJIBITON PA3MEPHOCTHIO.
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Onpeaenenne 1. Juckpumunanmnan dyrryus F: X x Y x R - R —
dbyHKIWS, OTparkaiolas, HACKOJIbKO XOPOIIO OTBET COOTBETCTBYET IPH-
3HaKaM. B JIaHHO¥ cTaThe MpeJoaraeTcsi, YT0 OHA JIMHEHHO 3aBUCUT
OT d-MepHOro BeKTOpa Iapamerpos (BecoB) w: F(x,y;w) = wT¥(x,y),
rie BekTop ¥ (x,y) o603HauaeT Tak Ha3biBaeMble 0OOOIIEHHBIE TIPU3HAKH
obbekTa X € X npasmerkny € Y. V(X,y) onpenessieTcss B COOTBETCTBIN
C IPeIMETHOl 00JIaCThIO, a Beca W HACTPAUBAIOTCA 10 00YYAIOIINM JIaH-
HbIM.

Onpenenenune 2. Cmpyxmyprowm xaaccuduramopom H : X — ) Hazo-
BéM (yHKIMOHA, TIpecTaBUMblil B Bujie H(x; w) = arg ma):;( F(x,y;w).
ye

BaJjiaga CTPYKTYPHOTO 00y9eHUsT 3aKII0IAeTCs B TOM, 9TOObI HACTPO-
uTh HambOJIee MOAXOIAINNe TapaMeTphl W dyHKImona a H Ha 3a1annoi
obyuaromeil BLIGOpKe: {(Xn,yn)}fy:l, X € Xy Yn € Vu. Onnoil uz nau-
6oJ1ee JACTO MUCIIOIb3YEMbIX (hOpPMaIU3AIUil SIBJIETCS CTPYKTYyPHOE 00y-
YeHre Ha OCHOBE MAaKCHMU3AIMK OTCTYyIa (TakyKe M3BECTHOE KaK CTPYK-
TYPHBIN METOJI, OHOPHBIX BekTOpoB, SSVM) [11, 12, 13].

OnruMmnsamnuonHast 3agada 1 (CTPpYKTypHBIE MeTOJ OIIOPHBIX
BEKTOPOB).

w,£20

1 O
min §wTw+Nn§:1§n, (2.1)

F(Xp,yn; W) > max (F(%Xn, ¥;W) + A(Y,¥n)) — &y Vne{l,...,N}.
Yy n
(2.2)

Baech A(¥,yn) — Pynkyus nomepo, 3a/1a011asi CTeleHb YIaJIeHHOCTH
HEKOTOPOTr'0 OTBeTa ¥ € ), OT BEPHOIO OTBeTa y, € V., &, — HeoTpu-
IaTebHBIE JIOMOJHUTEbHbIE TepeMenHble, a C' — TumneprnapaMerp, pery-
JINPYIONUI OTHOCUTEILHBIN BKJIaJ (DYHKIINK IOTEPh U PEryJIAPU3ATOPA.
[Tpu oOyveHUM MOAOUPAIOTCS TaKue ImapaMeTpbl, 9To dbyHKus F (X, -)
MaKCHUMaJ/IbHa Ha OTBeTaxX Y, OJM3KUX K BEPHOMY, W T€M MEHDIIe, YeM
OTBET JAJbIIE OT BEPHOTO.

Onpepesienne 3. 3ajada MakCUMU3allMu, Bo3HUKamomas B (2.2), Ha-
3BIBAETCST  6b16000M, donoanentvm dynrkyued nomepv (loss-augmented
inference).
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ITokaxxkem Terepb, KaK CTPYKTypPHOE 00ydeHre IPUMEHAETCS K CEMaH-
THYECKON cermeHTanuu n3obpaxkenuit. Mbl npemosaraeM, 9To Ha U300-
paXKeHuu 3aJ1aHO pasbueHue IHMKCcesell Ha cynepnukceau V) — TPYIIIbI
COCEeJJHUX IIMKCeJsell, CXOJHBIX II0 IIBETY U TEeKCTyPpe.

Omnpegenenne 4. PaccmoTpuM IuCKpeTHOE m300paskeHne BHICOTBI H u
mupunabl W. PasbuenneM Ha Cyneprnukcenn HAa30BEM (DYHKIMOHAT S
{1,...,H} x{1,...,W} — V, orHOCAImuii KaxK/Jplil IIUKCETb K OJHOMY
u3 cylepIuKcesei.

st ontmcanust mpocrpancts X, )Y n dyukmun F HEOOXOIUMBI JOTIO/I-
HUTEJIbHBIE TOCTPOEHUSI. PaccMOTpUM HEOpMEHTHPOBaHHBIN rpad G
(V,€). Ero BepumHbl V OTOXKIECTBUM C CyIEPIUKCETIsAME, a pédpamu &
COEJINHUM CYIIEPIIUKCEJIH, § KOTOPBIX €CTh 00Iasi rparuia. Ob6o3HaIIM
x; € R? BekTOp NPHU3HAKOB CyIlepIHKCess i € V), x;; € R® — BexrTop
MMPU3HAKOB, OIMUCHIBAIONINI CXOJCTBO COCETHUX CYNEPIUKCeNIel ¢ U j, a
X =@cpxi © ®(i,j)e€ X;; — uX Konkarenaruio. Kpome Toro, kazkmo-
MYy CYIEPIUKCE/IO ¢ COMOCTAaBJIEHa IIePEeMeHHasl Y;, KOTOpas MPUHUMAET
3HaYEeHUe OJ[HOW M3 MeTOK Kareropuii m3 muoxkecrBa K = {1,..., K}.
IIpocrpanctBo X COMEPKUT BCEBO3MOXKHBIE IIPU3HAKN U300parKeHus X,
a IMPOCTPAHCTBO ) — BCEBO3MOXKHBIE pasmerku 'y = {y;}icy. Jonycru-
MOCTb Pa3METKH U IPU3HAKOB [IJIsi KOHKPETHOI'O HU300PaKeHUsl OIpejie-
JISTETCSI TOJTBKO YUCJIOM CyTIepIimKcesieii. Mbl MOXKeM OIpPEeIeTUTh TUCKPH-

vunanTHyo dyrkimo F cieyronmm o6pazon: !

F(x,y;w) = wTU(x,y) ZZ yi=K W) + Y [y =yl (x[;wP),
i€V k=1 (i.5)e€

(2.3)
e w = @521 wy @ wP — BekTop IapaMeTpoB MOJEIH, Wi € R,
wP € R°. Ciaraempble B 1epBOfi U BTOPOH CyMMax Ha3BIBAIOTCS yHAD-
HBIMH U [IAPHBIMH [OTEHIIMAJAME, COOTBETCTBEHHO. MBI mojaraeM map-
Hble Beca WP 1 mapHble NPU3HAKH X;; HEOTPHUIATCILHLIMU YHUCIAMUI, U
TAKIM 00pa30M IOJIY9aeM aCcCOUUAMUEHYI0 JUCKPUMUHAHTHYIO (yHK-
nuio [11]. B sTom ciyuae 3ajada Berauciaenust H(x), To ecTb MakcuMu-
sarun F(x,y; w) 110 y, xots u siBisiercst NP-Tpy a0, MoxeT 6bITh 3¢~

'31eck mcnombaytores ckobku AltBepcona: [e] = 1, eciTi JIOTHYECKOe BHIPArKEHHe €
BEpHO, 1 [e] = 0 unaue
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beKTUBHO pereHa TPUOIMKEHHO, HAIIPUMED C IOMOIIBIO AJrOPUTMa, (-
pacipenust [14].

B 3amaue cermenTaruu B kKadectBe (DYHKIUN TOTEPH YACTO UCIOJIB3Y-
eTcsi PAcCTosiHIe XOMMUHIA (UUCI0 HElPABUIBHO PACIIO3HAHHBIX IHKCe-
JIeit):

AF.ya) = 3 &l # 7.2 (2.4)

1€Vn

rae ¢ — IJIOM@Jb i-I'0 CyIepIUKCcesis N-ro m3obpaykeHns. JTa (DyHK-
[Usi TOTEPh JIEKOMIIO3UPYETCS 10 TEPEMEHHBIM. JTO 3HAYUT, YTO BbI-
BOJI, JIOTIOJIHEHHBIH (DYHKIMEH TIOTEPh, BEITUCIUTEILHO HE CJIOXKHEE, UeM
MaKCHMU3aIUs JIUCKPUMAHAHTHON GyHKImn F(X,y; W) 1 Tak yKe MOXKeT
OBITH BBIMIOJIHEH C TIOMOIINBIO (-pACIIUpeHusi. VI3BeCTHBI Tak»Ke HEKOTO-
pble dacTHbIE ciydan QYHKIUN HOTEph BBICOKUX MOPSAIKOB (TO €CTh He
JIEKOMIIO3UPYIONIUXCsE Ha (DYHKIUH OT MEPEMEHHBIX WJIM UX Iap), KOTO-
pble jionyckaioT a(dekTuBHbIi npubimKEeHHbIi BoIBOA |9, 10, 15].

OnruMmusanuonHas 3ajada 1 BBIIYKJIA U MOXKET OBITH pellleHa, Ha-
npuMep, MeTOJIOM ceKyimeii myiockoctu (12, 13]. B arom merone orpanu-
dqeHnst (2.2) 3aMeHSIIOTCsT SKCIOHEHIMAJILHO GOJIBIITIM YHCIIOM JINHEHHBIX
orpaHuyeHuil, najiee Ha KaxKJI0W UTepaluu JOIYCTUMBIH IIOJIUTOIl IIPU-
OJIM2KAETCsT ¢ TIOMOIIBIO J0DABJIEHUsT K HEMY CAMOI'O HAPYIIAEMOT0 Or'pa-
HUYEHWs, KOTOPOe HAXOUTCA C IMOMOIIBIO BBHIBOJA, JIOMOJTHEHHOTO (DyHK-
mueit noreps B (2.2).

2.2. ObyueHue co cjaadbIMU AHHOTAIUSIMU

Paccmorpum  citydail, korja nomMumo N [OJIHOCTBIO Pa3MEYEHHDBIX
n3o0parkenuii, obydaromniasi BeIOOpPKa cojepkuT M cirabo aHHOTHPOBaH-
HBIX: { (X, Zm,) %i]]\\/{ 41+ Mbl mpe/nonaraeM, 9TO cilabas aHHOTAIUSA
n300parkKeHnsi OJIHOZHAYHO OIPEJIEIsieT MOJAMHOKECTBO MOJHBIX pa3Me-
TOK, COBMECTHBIX C Hell (((Zy,) C Vi), 1 TakuM 06pa3oM MeHee MHMOD-

MaTUBHa, 9€M HEHU3BECTHad IIOJTHad PpasMETKa Y. HpI/IMepaMI/I CJ1a0BIX

?Ha npaxTrke B pasMeTKe CyIEDIIHKCENs MOXKET BCTPETHTBCS HECKOIBKO METOK
(Takme cynepnuKcenu HA3BIBAIOT zemepozentbimu). B aToMm caydae GyHKIuUsS moTeph
TaK»Ke PaBHA YHMCJIY HEBEPHO PACIO3HAHHBIX NuKcesel. UToObl He 3arpOMOXKIATh HO-
TaIMIO, MBI PACCMaTPUBAEM TOJBKO MOMOI'€HHBIE CYIIEPIIMKCEIU. BBIBOI TPUBHAIBLHO
0600111aeTcst Ha reTepOreHHbIN CITy Jail
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AHHOTAIUI B 3aj1a4e CEMaHTUIECKON CerMEHTAIUU CJIyKar: 1) IIOTHBIE
pPAMKHU CEIMEHTOB JaHHON MeTKH; 2) 3HaYeHHe HEKOTOPOil IobasbHOl
CTaTUCTUKN (IJIOIIA (b, CPEJIHssT MHTEHCUBHOCTD, YHCJIO CBSI3HBIX KOMIIO-
HEHT ¥ T.]I.) JIJIS CEPMEHTOB JIAHHON MeTKH; 3) IOJIMHOYKECTBO IIUKCeIIei,
NpUHAJJIeZKAIUX JIaHHON MeTke (cemena). Mbl najsiee o6obimaeM craH-
JapTHYO GopMysnpoBKy SSVM Ha ciydail IpucyTCTBUS B 00y UArOIIE
BBIOOPKE ITOJIHOCTHIO PasMedYeHHBIX U CJIaDOAHHOTHPOBAHHBIX JAHHBIX.

OnrumusanuonHast 3aga4da 2 (0606mEénnbiii SSVM).

1 C N M
3 T -
weson=02 W W N ;5” " amzzl ") 29
F(Xn, yn; W) > max (F(%p,¥; W) + A(¥,¥n)) —&nr Y, (2.6)
Yy n

max F(Xp,y;w) = max (F(Xp,¥; W) + K(¥,2m)) — m, Vm. (2.7)
y€C(zm) yEYm

Bueck K(¥,2,) — caabas gynrkyus nomepv, 33/1a1011ast CTENEHb HeCO-
[VIACOBAHHOCTU HEKOTOPOI'O OTBETa ¥ € YV, CO Cjaaboii aHHOTAIUEH Z,,
Nm — HEOTPUIATENILHBIE JOTOJHUTETbHBIE TTEPpEMEHHBIE.

Onpenenenne 5. 3ajada MaKCUMHU3AIUN MaXye¢(z) F(x,,y; W) Ha
MHOKECTBE, OI'PAHMYEHHOM aHHOTAIell Z, BO3ZHUKAIOIIAsl B JIEBOI dYa-
cru (2.7), HA3BIBAETCS 8LIBO0OM, COZAACOBAHHBIM ¢ anHoOMayuel (anno-
tation-consistent inference).

Samerum, uro npu M = 0 onTUMH3AIUOHHAST 3aja49a 2 CBOIUTCI K
cranmapTHOM mocraHoBke SSVM, a mpu N = 0 9T0 YacTHBIA ciydail
SSVM c narentusivu nepemennbivu (LV-SSVM) [16]. Samernm rakzke,
9TO MOJIHAS PA3METKA Yy, SBJISIETCS] BBIPOXKJIEHHBIM CIydaeM CJIaboil aH-
Hotaiwu, rje ((z,) = {y»}. Takum obpasom, onruMusanmoHHast 3aa4a 2
skBuBasieHTHa LV-SSVM, ¢ Tem uckjroueHnemM 9To oHa COIEPXKUT HasiaH-
cupyiomuit KoadpurmenTt .

Ontuvusanumonnas 3aa4a (2.5)—(2.7) mesbmykita. Coeys Uy n Ho-
axumcy [16], Mbl ucrosb3yeM crerududecKyo CTPYKTYpy 3a/a4u — CyM-
My BBIITYKJIOA M BOTHYTON (PyHKIMK. DTO HO3BOJIAET IPUMEHUTH BOI'HYTO-
BBINYKJIYIO npoteaypy (concave-conver procedure, CCCP) [17] mius eé
npubIMKEHHOrO pemenus. [Ipr 3TOM IOMHUMO BBIBOJA, JIOIMOJHEHHOTO
dyukuumeii noreps B (2.6), HeoOx0MMO Tak)Ke GMEKTUBHO BBINOIHATD
BBIBO/I, JIOTIOJTHEHHBIH c/1aboit pyHKIMe moTeph B (2.7), a TakKzKe BBIBO/I,
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coryIacoBaHHBII ¢ aHHOTaImell B jeBoii yacru (2.7). Ilocieauue e 3a-
Jladu 3aBHCAT OT UCIIOJIb3yeMOro THUIIa aHHOTaluil. B ciemyromeil cekiuu
OIIMCaHbl KOHKPETHBIE aJI'OPUTMbBI JIJId TpéX THUIIOB aHHOTaHHfI.

3. Ncnonp3oBaHne pa3/IMYHBLIX THUIIOB CJIAOBIX
aHHOTAaIIIA

Y10o0b! NCII0JIB30BATH KOHKPETHBIN BUL CJIa00H aHHOTAIUY IIPU 00y de-
HUU, HEOOXOIUMO OIPEJEUTD (DYHKIUIO TIOTEPh JJIst JAHHOTO TUIIA AHHO-
TaIuu, KOTopas JomycKaeT 3(pPeKTUBHDBIN BBIBOJ, IOMOJHEHHBIN (DyHK-
Uil 1MoTepb W BBIBOJI, COIVIACOBAHHBIN ¢ aHHOTanmeil. IlepBblit mos2KeH
OBITH OveHb 3(MPEKTUBHBIM, ITOCKOJIBLKY OH BBI3BIBAETCS Ha KayKIOH mTe-
pamuu o0ydeHust, U, KaK [MPABUJIO, sIBJISETCSI OCHOBHBIM MCTOYHUKOM BbI-
YUC/IUTEIBHON CJI0KHOCTUA. MBI onpeiesinM ux Jjisd TPEX THIOB CJ1a0bIX
AHHOTAINN U ITOKAXKeM, KaK MX KOMOMHMPOBATD.

3.1. Metku n3obpakeHust

Onpenenenune 6. HazoBéM cuavHol dynruuets nomepv no Memram
U306PAHCENUA CIEILYIONTY IO DYHKITHIO:

Aﬂ(}_’,}’)chi[fjGViij.@i\/ijVigjzyi]- (3.1)
eV

Ota dyHKIWS mTpadyer CyIeprInKkce/n, MTOMEIeHHbIE METKAMU, KO-

TOPBIX HET B Y, & TaKKe CYIIEPIIMKCEIN, BEPHbIE METKNA KOTOPBIX HE IIPU-
CYTCTBYIOT B ¥.
Onpenenenue 7. Memxamu u300pasicenus HA3bIBACTCS MHOXKECTBO Z C
K MeTOK Kareropwii, IpUCyTCTBYIONUX Ha n300paxkenuu. [lycts y — pas-
MeTKa n300pazkeHHsl, TOIJIa YHUKAJIbHbIe MeTKU n3o0pakenus z = {y; |
i €V} (puc. 1x).

Onpenenenune 8. Ilycts z — merkn msobpaxkenus. Hazosém caabot
Pynryued nomepsL NO MeMKGM U300PAHCEHUS CIETYIONYI0 (DYHKITHIO,
napaMeTpU30BaHHYIO uucjaamu Sk, 1y k € z:

Ki(y,2) = Ku(¥,2 k) = > > cilys =K+ S [[l: # K. (3:2)

k¢z i€V kez %
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Teopema 1. [lycmb z — MHO02ICECTNBO MEMOK KaME20PUL, NPUCYMCMEY-
owux 8 'y, a S — uucao nukceaeld 6 kagcdot ud wux. Toeda crabas
PYNKYUA NOMEPL NO MEMKAM U30OPAHCEHUA ABAAEMCA SEPTHET OUEH-
KOU CUADHOT C MYALBMUNAUKGMUBHIM KodPPuyuenmom ne boaee 2:

1
§K¢Z(S’,Z) <Au(y,y) < Ka(y, z). (3.3)

HokazareabcTBo. [Ipeobpasyem Kjj, yunrsiBas onpenenenne z:

Ki(¥,2) =Y cili €2+ Y Y clyi=kK [[lg; #+ =

% kez i€V JjEeV
S aieViy=gl+> adieV: g =yi=
=% =%
S a(ieViy=ml+FieV:g=ul). (34
%

Beprocts (3.3) caeayer us roro dakra, uro st obeix a € {0,1}, b €
{0,1} Bepno (a+ b) < max{a,b} < a+ b, ITO MOKET GHITH TPOBEPEHO
HEIOCPE/ICTBEHHO.

Ha npakTtuke 3navenne KoapPUIMeHTOB S; B OmIpeje/ieHnn caaboit
dyHKIIME TOoTEph Hem3BecTHO. OOO3ZHAYMM UHCJIO MHKCeJIel m300parKke-
nus S = ) iy, ¢;. ByJieM cauTarh, 9To 9Ta BeIMYMHA PACIPEIeICHa My /Tb-
THHOMHAJILHO HAJI JIOIYCTUMBIMU METKaMU KJaccoB: { Sk trez ~ M(q, S).

Teopema 2. ITycmv S = .S, mozda Ky, z; gk) = EKu(y,2z; Sk),
2de mamoorcudanue bepémen no pacnpedeaenuro {Sk}res ~ M(q, S), mo
ecms Sy, 00eCcnenusaem HeCMewenty10 ouerKy caabot PYHKUUL NOMEDS.

lokazaTejabCTBO.
EKu(¥,2 k) = > Y cili =K +EY S [[loi # k] =
k&z i€V kez eV
=3 algi =K+ ES [ [ # k) =
k¢z i€V kez %

=S S aln =K+ S [l A K (35)

kéz i€V kez i€V
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[TapameTps! pactpeiesiennst  MOTYT OBITH OTEHEHBI MO TOJTHOCTHIO
pa3MedeHHo YacTu BeIOOpKU. OTHAKO HA TTPAKTHKE PA3MEYEHHBIX U300-
paxKeHuil MaJIo, U TaKas OIeHKa I0JIy4YaeTcs HeycToiunBoii. IloaroMy Mbl
MPeJIoIaraéM paBHOMeEpHBIEe (. M Tak, MBI HCIIOIB3yeM CJIETYIONIYIO CIa-
6yI0 (DYHKIINIO IIOTEPH IO METKAM H300ParKeHUIA:

Kivo2) =3 el =+ 2 [[w A8 Go)

kdz i€V kez S%

ITpu zagannoit ciaboit pyuknum morepb Kj HEOOXOAUMO MpPOAEMOH-
CTPUPOBATH AJITOPUTMBI Jijist 3aJa4 BbiBoja B (2.7). ljisi BBIBOJA, CO-
TJIACOBAHHOTO C AHHOTAIMEeH MaXye¢(z,,) I (Xm, Y; W) MBI HCIONIB3yeM Q-
PACIIUpPEHUE TOJIBKO HAJ[ METKAMU U3 Zy,. JTO MOKET IPUBECTH K HECO-
[JIACOBAHHOW Pa3MeTKe — HEKOTOPbIE METKH U3 Zy, MOT'YT OTCyTCTBOBATH
B y. IIpemiaraercss HCIOIB30BATE CJIEIYIOIIYIO 9BPUCTUKY IS TOTO, UTO-
OBl c/iesIaTh HAMIEHHYIO PA3METKY YIOBJIETBOPSIOIIel orpanudennto. s
KasKJI0# MeTKHU k, Takoil 4To k € z,, U k € y, HAXOIUTCSI CYIEPINKCEb
i’ = arg max F(xn,T(y,i,k);w), tme T(y, i, k) — pasmerka, OTIn9aona-

(2
sICS OT Y TOJIBKO TEM, 9TO B i-if TO3UIUU HaxoauTcsd k. B kadecTBe HOBOM
pasmerku Beibupaercs T(y, 4, k). Ha npakrtuke npumenenne 3Toil 3Bpu-
CTUKHU HE JIAET 3HAYUMOIO YJIYUIIECHUS 110 CPABHEHUIO C UCIOJIB30BaAHUEM
HECOIVIACOBAHHBIX Pa3METOK.

BeiBOJ, MOMOJIHEHHBI [OTEPsiMH, TElEpPb He JIEKOMIIO3UPYeTCs Ha
yHapHbIe W IapHble HmoTeHnuajbl. [Ipeobpasyem yHKIIMOHAT CJIEIYTO-
M 00Pa30oM:

max (F(xm,¥; w) + Ka(¥,2m)) =

YE€Ym
S .
= Imax F(xm,y;w)+ZZci[gji = k]—z HEZ : g; = k] | +const.
yEIm kdz i€V kez
(3.7)

[MTocnemnss MAKCUMHU3AIUs COOTBETCTBYET BBIBOMY ¢ mTpadamMu 3a uc-
HOJIb30BAaHUE METOK, JIJIsl 9€r0 MOYKET UCIIOIb30BaThCst 3O DEKTUBHBIIH aJl-
rOPUTM Ha OCHOBe (-paciimpenust [15].
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3.2. IlnoTHble paMKHn

JlajpHeiinre THIIBI aHHOTAIIMKA ONEPUPYIOT IOHATHEM 006eKmo6 pe-
aJIbHOIO MHUpPAa, TAKUX KaK KOHKPETHBI aBTOMOOWJIb MK dejoBeK. Ha
n300paKEHUSIX MM COOTBETCTBYIOT 00pa3b, 006eKmo6 — MHOKECTBa, MUK~
ceJieil, oIy YUBIIUXCSI IIPOEKTUPOBAHUEM 3TOI0 OObEKTA B IIPOCTPAHCTBO
n3o06pakerusi. He Bce Kareropun B 3a/ate CEMAHTUIECKON CErMEHTAITUN
COOTBETCTBYIOT OOBbEKTaM — TaKHe KaTerOpUH KakK mpasa, Hebo sIBIISIOT-
cs1 POHOBBIMH, MTOITOMY JIJIST HUX HE IMOJIXOJAT COOTBETCTBYIONINE THUIIBI
anHotarnuu. C popMaIbHON TOYKM 3peHusi, OyjieM cauTaTh 0O6pazoM 00b-
€KTa CB3HYIO 00JIACTD MUKCEJIeH N300payKeHnsT OJITHOM KATErOPHUH.

Onpenenenne 9. Pawmxoti, aHHOTUpYIONIE O00bEKT Kareropuu k, Ha-
3bIBAETCS CTPYKTYpa 2, 3aJalolas NPsSMOYTOJLHUK Ha H300pa’KeHuN,
BKJIIOYAIONNil B cebs obpas3 sroro obbekra. s z onpenenensr pyHK-
un label(z), a Takwxke left(z), right(z), top(z), bottom(z), oupenensirormue
IPAHUIBI IPIMOYTOJIbHEKA. I1IycTh y — pasmerka nsobpazkenns, a Pj —
HEKOTOPOE IIOJMHOXKECTBO IIMKCeNel, mHoayuuBmmx Merky k: P C
{p | ysp) = k}. Pamxa z ommcbiaer muoxecrso Py, eciu Pj C
[left(z), right(z)] X [top(z), bottom(z)], a Takxke label(z) = k (cm. puc. 1B).
Ounpenenenne 10. [Tycrs 3amano aucio r € [0,0.5). Byjaem nasbiBarhb
PaMKy Z 7'-nAomHotl 0 OTHOIIEHHIO K MHOXKECTBY HuKceseil Py, ecin
BBITIOJTHSIIOTCST CJIETYTOTIINE TIPEIIOIOKEHUS O TePECeIeHNN MHOXKECTB:

P N ([left(z), left(z) + r(right(z) — left(z))] x

x [top(z), bottom(z)] ) # @, (3.8)
Pr. N ([right(z) — r(right(z) — left(z)), right(z)] x
x [top(z), bottom(z)] ) # @, (3.9)

Pr. N ([left(2), right(z)] x

x [top(z), top(z) + r(bottom(z) — top(2))] ) # @, (3.10)
Py N ([left(2), right(z)] x

x [bottom(z) — r(bottom(z) — top(z)), bottom(2)] ) # @.  (3.11)

Bymem 0603HaUaTL 3TO OTHOIIEHUE CJIEAYIONMM 00pa3oM: z . 73,;.

CoriacHO 3TOMY OIIPEJIEJIEHUIO, PACCTOSTHHE OT MHOYKECTBa P,’c 10
KaXKJIO U3 CTOPOH paMKU HE IPEBOCXOJIUT HEKOTOPOT'O MOpOora, 3aBUCH-
mero or u3Mepenuii paMku. CorjiacHO MCCJIEIOBAHUAM TUIIMYHLIX QHHO-
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Talyi, IPOU3BOJUMBIX I0JI30BATE/ISIMHI, OOJIBIINHCTBO PaMOK OKa3bIBa-
1orcst r-1toTHbME ¢ 7 = 0.06 [18]. IlosTomy B jJasbHeiieM most I0THOI
pamkoit Mbl 6ysem nmonuMaTh 0.06-170THYIO paMKy.

Omnpenenenne 11. Annomayueti naommvimu pamramu Kareropuit K' C
K Ha HEKOTOPOM H300parKeHMM Ha3bIBAIOT MHOXKECTBO PAMOK, ILJIOTHBIX
[0 OTHOLIEHMIO K 00pasaM KazKJIoro u3 obbeKToB Kareropuit muz K.
IIycth y — pasMmeTka M300paskeHus, W JIIs Kaskjoil kareropun k € K’
3aJ[aHO TOKPBITHE {73,’C }+ MHOXKeCTBa MUKCeJIel, OTHECEHHBIX K TOl Ka-
reropuu: |J, Pf. = {p | Ys(p) = k}, mpuuénm Bee P} mpeacTaBIsoT coboit
CBS3HBIE MHOXKeCTBa. Torma aHHOTAIMSA IIOTHBIMUA PAMKAMH — 9TO MHO-
JecTBo zPP = {2} }t.k, Takux uro 2z} J, P}, label(z}) =k, Vt,Vk € K.

3aMeTnM, YTO aHHOTAIUS IIJIOTHBIMU PAMKAME OIPEIEJISIETCS 110 M0JI-
HOI pa3sMeTKe HEOJHO3HAMHO M3-33 HEEJMHCTBEHHOCTH NOKpbiTHs {P}};
U OIpeJIeJIeHNs 7'-IJIOTHOM paMKu mpu 1 > 0.

OObeKThl HA U300parkKeHnn yI00HO AHHOTUPOBATDH IJIOTHBIMU PaMKa-
mu. C JIpyroii ¢cTOPOHBI, CErMEHTHI (POHOBBIX KATErOpUil HE COOTBETCTBY-
0T 00beKkTaM, aMOpP(MHBI U YACTO UX IJIOTHAS paMKa OJIM3Ka K TPaHUIAM
n300paKeHnsl, TTO9TOMY PaMKH JI00aBUIN Obl MaJI0o MHMOPMAIUU K MET-
Ke m3o0paxkenusi. /lasee B 3TOM pasienie pacCMaTPUBAIOTCS aHHOTAIINH,
KOTODPBIE COCTOSIT OJHOBPEMEHHO M3 PAMOK M METOK m300paxkeHusi. Ha-
pUMep, it N300parKeHus MOTYT ObITh 3aJIaHbI PAMKH JIJIsi aBTOMOOU-
JIeil U TIEIIEeX0JIOB, & TaK»Ke M3BECTHO, UTO JIOTOJIHUTEIBHO TPUCY TCTBYIOT
MUKCeJIN 3/IaHuii, gjoporu, Heba. Bynem npejimonarars, YTo B paMKaX KOH-
KPETHOrO M300parkKeHMsI KATEroprus MOXKeT ObITh 3aJaHa JIMOO paMKaMH,
JinbO METKON M300parKeHUsl, XOTs THII AHHOTAIMIA JIJIsT KATETOPUU MOYKET
MEHATBHCs OT M300pakeHnsl K n300paxkeHuio (CM. B pasjeiie 4.3 nupumep,
JIEMOHCTPUPYIOIMINIT KOT/Ia 9TO MOXKET OBITH MOJIE3HO).

Oupenenienne 12 (cnabas GyHKuus nomeps Npu HAAUNUY DPa-
mox). TIycrs cnabas annoTanus n3o6paskeHus z 3a1aHa mapoii (z', zPP)
MeTKM Hu300paskeHWsI W MHOXKECTBa PaMOYHBIX aHHOTAIni. Pa3obbém
MHOXKECTBO MeTOK K Ha TpHU IOJMHOXKECTBA B COOTBETCTBHU CO CJIa-
Ooit amHOTAIMEN Z: MeTKH, KOTopble ompesesenbl pamramu (k, =
U.egmb label(z)), meTkn, koTopbie npucyTcTByIoT B Apyrux mecrax (k, =
z!) m merkm, koropbie orcyTcTByloT Ha umzobpackemmm (k, = K\
(ky U kp)). MuoxecTBO cymneprmkceseii V takxKe pasbuBaercs: Vi =

{i €eV:Jpe Uzezbb:label(z):k box(z) i = S(p)} — o0ObeuHenne cyuep-
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HNUKCeJIel, HaXONAIUXCsl X0Td Obl 4acTUYHO B paMKaX ¢ MeTKoil k € Ky,
nvg=V\ Ukekb vi. Torna obbeaunénnas ciaabast PYHKIUS IOTEPDh Bbl-
IJISLIAT TAaK:

Kinn(y,2) = > Y cilyi=k+ > o [[lvi # K+

kekg i€V kekyp eV
bottom(z) mght right(z) bottom(z)
B S w1 ys(pqﬁézabez J+ > wi ] s # label(z)]
z€2zPP \ p=top(z) —left 2) q=left(2) p—top(Z)
YD eilyi=k. (312
keky, t€vo

[TepBble jBa ciaraeMbIx HECyT Takoil ke cMmbica, Kak B (3.6). Tpe-
The cylaraeMoe ITpadyer nYycmoie CTPOKU U CTOIOLLI BHYTPU PAMOK, TO
€CTb Te, KOTOpble He CoJlep:KaT HU OJHOI'O IIHMKCEJIsl, BhIBEJIEHHOI'O KaK
merka pamku (cMm. puc. 2). Iocsennee ciaraemoe mrpadyer Merku pa-
MOK BHE COOTBETCTByIOIuX paMoK. OIeHnM mapaMerpbl 3Toil (pyHKINN,
Ipeoaras, 9To MOJOBUHA KarKIOi M3 PaMOK 3aHATa 00BEKTOM COOT-
BETCTBYIOLIEH KATerOpHH.

Puc. 2. TIpumep pasmerku BayTpu pamru. KjeTku COOTBETCTBYIOT IUKCEJISIM.
Cepble KJIETKU [TOMEYEHbI METKOI, PABHOI METKe PaMKH, OeJIble — OCTAJbHBIMI
MeTKaMu. Pa3Merka He SBJISIeTCS IUIOTHOH, TaK KaK BEPXHssl CTPOKA U IETHIPE
JIEBBIX CTOJIOIA — IIyCTBIE.

Teopema 3. Ilpednososicum, wmo 6 neuzsecmuol pazmemse u3obpasice-
HUA KAAHCOLLT NUKCEND BHYMPU PAMKY Z; HE3ABUCUMO NPUHUMGEN, MeMm-
ky label(z;) ¢ eeposmmocmuvio 0.5, unaue npunumaem o0HYy U3 MEMOK
6 k;,. IIpednonooicum crnosa, 4mo koaudecmeo nukcenetd daa memox us k,
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PACNPedeneno MYAMUHOMUANLHO C PAGHOMEPHLMU napamempamu. To-
2da, €cAU PaAMKU He NEPecekaromces, NPu CACOYIOUUT NAPAMEMPAT OUEH-
wa dynnyuu Kipy Acasemea necmewénnot: vy = (right(z) — left(z))/2,
w; = (bottom(z) — top(z))/2, o1, = (S + Zie‘,o ci)/2|z", p=1.

HoxkaszaresbcTBo. Ilycrs S% — Koam4uecTBO IHKCeseil BHYTPH paMKn
z;, IpuHA IeXKanux kareropun label(z;). Ilo nmpeamonoxkennio TeopeMsr
OHO pacIpejiesieHo 110 GuHOMHAJILHOMY 3akoHy: S* ~ B(0.5, |box(z;)]).
MaTeMaTHuecKoe OKUIAHNE TOH Benuduubl pasHo S = |box(z)|/2.
[ycrs ST — uncro mukceseit n306parKkeHns, OTHOCAIINXCA K KATEIOPHSIM
u3 k. 3nasg S, MOXKHO OLIEHUTH Sl =6 — ZziEzbb S%. Paccyxmast aHa-
JIOTMYHO JIOKA3ATEIBCTBY TEOPeMBI 2, TOTydInM oneHKy o5, = ESU/|z],
KOTOpast M03BOJIAET HecMeméHHo onennth Kippp. Iockombky ST ymmeii-
HO 3aBHCUT OT S*, MOXKHO 3aMEHHUTH IIOCJIe/Hee Ha ero oleHky. Orcioma
Ok = (S = X, e [b02(20)[/2)/12"] = (S = Ler, Liev, ci/2)/12"] =
(S + Yievy i)/ 2121

ITokaskeM HECMENIEHHOCTH OLEHKH, 3a/1aBaeMOil TPETBUM CJIaraeMbIM
Ha mpuMepe mrpada 3a IMyCThle CTPOKH; st CTOJIOIOB JOKA3aTEIbCTBO
anasornaHo. [TycTs ) — MaTemaTniecKoe oKnjlaHue 1uc/ia mukceneil Ka-
teropun label(z) B crpoxe p. Cornacuo Monenmn, v = (right(z)—left(z))/2.
PaccmoTrpum ¢TpoKH, B KOTOPBIX HE HAlIEHO HU OJTHOTO IHKCEJIst KaTe-
ropun label(z). Maremarnieckoe oxuanue ommbKN Ha HUX PaBHO 1.
CTpokHu, B KOTOPBIX BBIBEJICH XOTsI OBl OJIMH IHKCEJIb Kareropun label(z),
He mrpadyiorcs. Takum obpasom, npu v, = U, TpeTbe CjlaraeMoe Jia-
€T HeCMEIIEHHYIO OIEHKY Ha YHCJIO HEIPABUILHO KJIACCU(DUINPOBAHHBIX
nukceseit kareropuu label(z) B IycThIX cTpOKax pamku bor(z).

Emgé 6osiee TOUHYIO OIEHKY MOXKHO IOJIYYUB, SBHO Y4UTS B MOJIEJIN
HEPABHOMEPHOCTH PACHPE/IC/ICHIs INKCEIeil BHYTPH PAMKH 2, JIJIsi KOTO-
peIX MeTKa pasha label(z). Kosdbdunmentsr v n w
poBarh mTpad 3a IMyCThle CTPOKU U CTOJIONBI COOTBETCTBEHHO, B 3aBHU-

ITO3BOJISTIOT BapbU-

CHMOCTH OT WX PACHOJIOKEHHS B paMke. [Ipu 10CcTaTOIHOM KOJIUIECTBE
MMOJTHOCTBIO Pa3MEUEHHBIX M300PAKEeHU MOXKHO OOyUIUTH CHEIU(pUIHBIE
JIst Kareropuii npoduin v¥ u w?.

B npeapiaymeit moaceKmmn Mbl IOKa3a/Id, KaK 00pabaThiBaTh IepBbIe
JIBa CJIATaeMbIX B BBIBO/IE, JOMOJTHEHHOM (DyHKIIHMEH moTeph — IIepBoe Je-
KOMIIO3UPYETCsI Ha yHAPHBIE ITOTEHIMAJIBI, & BTOPOEe IPEJICTABIIAET CODOM
mrpad 3a Hagmane MeTku. llocieHee cimaraemMoe TakKe JEKOMIIO3UPY-
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eTcsT Ha yHAPHBIE TOTEHITHABL. T peTbe caaraeMoe — CyMMa TOTEHITNATIOB
BBICOKOTO TOpsiIKa. JIjist KayKk 10 paMKu 2z KasKJasi 6 CTPOKa M KayK bl
CTOJTOETT TIOPOK TACT TIOTEHITHAT Ha,T BEPIITHHAMHI, COOTBETCTBYIOIITUMU CY-
HEPIMKCEIsIM, KOTOPbIE TlepecekaeT 3Ta cTpoka/crosber. Mbl Takxke Ha-
sHavaeM Imrpad 3a npucyrcrBue Merku label(z) HA COOTBETCTBYIONIMX
BepIIMHAX, HO HEe Ha BCEM Trpade, TakyKe MOIUMPUIUPYS HTPOIEIAYPY Q-
pacimupennst |15].

[Tpu BBIBOZE, COrIACOBAHHOM C PAMOYHON aHHOTAIHEH, HEOOXOIMMO
BBIBECTHU Pa3METKY, B KOTOPOI TOJBKO CYNEPIUKCETN BHYTPU PAMOK MO-
IYT MOJIy9aTh METKH COOTBETCTBYIOIUX OOBbEKTHBIX KATErOPU, IPUIEM,
B COOTBETCTBUU C ONPEJIEICHUEM 7-TIJIOTHOW PAMKH, CETMEHTHI 0OhEKTOB
JIOJIZKHBI OBITH CBABHBIMU W MIPUMBIKATEH K PaMKe IJIOTHO, C JIOMYCKOM He
Gosiee r OT COOTBETCTBYIOIIETO U3MepeHHsl (HAIOMHUM, YTO Mbl UCIOJIb-
3yeM 1ocTosinHOoe 3HadeHue r = 6%). OrpanndeHne Ha METKH BHE DAMOK
JIETKO YJIOBJIETBOPSIETCST IIPU BBIBOJE: MOXKHO IOJABUTH HEXKEJIATEIbHBIE
METKHU BHE PAMOK, YCTAHOBUB GECKOHEUHBIE YHAPHBIE TIOTEHIUAJIBI.

YrobbI 06eCcIIedInTh MJIOTHOCTD PAMOK, MBI HCIIOJIb3YeM BaPHUAITHIO aJl-
roputMa axyenmuposanus (pinpointing) [18], MmomudunupoBanHoro s
paboThI ¢ MHOI'OKJIACCOBOI CerMeHTaIneil. DTO IBPUCTUIECKHIT aIrOPUTM,
rapaHTUPYIONUH, YTO pasMeTka Oy1eT 06ecednBaTh MJI0THOCTh PAMOK,
OJTHAKO HE TapaHTUPYETCsl ONTUMAJBHOCTh B KJIACCE TAKUX Pa3METOK.
CradaJia BBIBOJ BBITTOJIHSIETCST 663 OTpaHWYEHUl Ha MJIOTHOCTL. 3aTeM,
MOKa BCE OTPAHUYEHWS HE BBIMOJHEHBI, OJHA U3 BEPIIWH MEHSET yHap-
HBII TIOTEHIIMA I, U BBIIOJIHSIETCS IIar paciiupenusi. B Halel peajgumsanun
BBIOMPAETCST BEPIIUHA, COOTBETCTBYIOIIYIO CYTIEPIUKCETIO ¢ HAMMEHBIITHM
OTHOCHTEJIbHBIM IIOTEHIAJIOM 3a label(z) u3 Tex, 9TO €Imé He IOJIyIH-
JIX 9Ty METKY. DTOH BepINNHE HA3ZHAYACTCST OECKOHEUHBIN MTOTEHITNA 3a
Metky label(z), 9T0OBI rapaHTUPOBATH, YTO METKA BEPIIUHbI TIOMEHSIETCS.
[Ipomemypa KoHewHa, €CJIM HUA OJWH CYTEPIUKCETh HE TIePeCeKAeT PAMKN
Pa3HBIX METOK, MMOCKOJbKY Ha KaXKJ0W MTepanuu XoTsl Obl OJUH CyIep-
[UKCeJIb BHYTPH HEKOTOPOH box(z) meHsier MeTKy Ha label(z).

DKCIEPUMEHTHI TTOKA3AJIN, YTO MPU UCIOJIB30BAHUN TAKOTO THIA aH-
HOTAII BayKHA WHUIAAJIM3AINS JIATEHTHBIX [T€PEMEHHBIX [IPU 00y YeHUT
LV-SSVM. Hawmnyurmmit pe3yjibraT uMeq MECTO, KOIJa U3HAYAJIBHO GCE
cyneprukcesn BuyTpu box(z) nonayqawin mMeTky label(z).

Bamerum, uro Kymap u sp. |7] ucnonszoBaiu apyroit Kpurepuit jijist
BBIBOJIA, COTVIACOBAHHOTO C AHHOTAINEH — OHU MITPAdYIOT MyCThIE CTPO-
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K U CTOJIOIBI BHYTPH PAMKH (TOYHAS ITPOTHBOIIOJOXKHOCTH TOTO, HUTO
HAIIl AJITOPUTM JI€JIA€T IIPHU BBIBOJIE, JOIMOJTHEHHOM paMOYHOM (yHKIueit
[OTEph). DTa IBPUCTHKA HE FapPaHTHPYET IJIOTHOCTL IOJIYICHHBIX Cer-
MEHTOB BHYTPH PaAMOK.

3.3. CemeHa 00bLEKTOB

Onpenesienne 13. Cemenem, aHHOTHPYIOIEM OOBEKT KaTeropuu k,
HA3BIBACTCs Mapa z = (p,k), 3a/a10Mas MIKCeIb H300PAZKeHNUsl, [IpH-
HaJIeXKaIuil 00pa3y sroro obbekra. [lycrh y — pasmerka m3obpake-
HUsA, a P, — HEKOTOpOe IOJMHOMKECTBO IIHKCENel, MOJIyYHBIINX MeT-
Ky k: Py C{p | ys(p) = k}. Cens z = (p, k) onmcoisaer muoxectso Py,
ecin p € P}, a Takxe k=k (puc. 1r).

Onpegesnenne 14. Annomayueti cemenamu xkareropuii K' C K Ha nHeko-
TOPOM M300parKeHNN HA3BIBAIOT MHOXKECTBO CEMsiH, IPUHAJIEXKAIINAX 00-
pazaM KazkJ10ro n3 o6beKToB Kareropuii nz K'. Ilycrs y — pasmerka u306-
parKeHus1, 1 JIJIs KazK 1ol kKareropun k € K’ 3a1aH0 OKpbITHE {77,2}Z MHO-
KecTBa, IKcesei, ornecénubix K 1ot Kareropun: (J; Py = {p | yu(p) =
k}, mpuuaém Bee Pj, npecTaB/sgior coboii cBaA3HBIe MHOXKecTBa. Toria aH-
HOTAIUST CeMEHAMH — 9TO MHOXKecTBO 2% = {2 = (Py.i, k) }i g, TAKHX 4TO
Pki € P}, Vi,Vk € K.

AHHOTAIMST CeMEHAMU OIPEJIEJIeTCsT 110 TOJIHON pas3MeTKe HeOHO-
3HAYHO, OJTHAKO IMPEIIOIaraeTcst, YTo ceMsi HAXOJUTCA B IEHTpe obpasa
obbekTa. [Ipu BBIBO/E, COrVIACOBAHHOM C aHHOTaIMel, TpedyeTcs, IToObI
CeMeHa MOJIY YU METKY yKa3aHHON KaTeropuu. AccoruaTuBHbBIE TTapHbIe
HOTEHIUAJIBI OOBITHO PACIPOCTPAHSIIOT 3TY METKY Ha COCEIHUE CyTIEePITNK-
CceJIn.

Onpepenenne 15 (caabas Gynruus nomeps nNpu HAAUNUU Ce-
Mman). Ilycrs cinabasi anHOTAIMST N300pAKeHUsl Z 3aJlaHa [apoil MeTKU
M300parKeHnsT 1 aHHOTAITUN CeMEeHAMMN (z11 z°%). OupejiesuM 06beIMHEH-

HYI0 cJiabyio (pyHKIUIO TIOTEPb TaK:

Kllos(Ya chz yz*k Zakl—‘[[yi#k]_'_

kekg i€V kek, i€V

+8 Z Zysp)7ék]exp( mlp = p”2>. (3.13)

k,/
(p' k") PEI
Gzos
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[lepBble nBa cjaaraeMbIX 37eCh HECYT TOT K€ CMBICJ, KaK B (DyHK-
[UU TIOTEPH JIJIsi METOK U300pazkeHusi. TpeThe cjaraeMoe IMOOMIPsSeT Ha-
3HaveHne METKHM CeMEHH B ero okpectHocTu. [lokaxkem, Kak Ha3HadIaTh
ImapaMeTphl B 9TOM CJIy4ae.

Teopema 4. IIpednosoosicum, wmo 6 Heudeecmmotll pasmemse usobpasice-
b u 2% pacnpedeneno
MYAOMUHOMUANDHO € PAGHOMEPHBLMU NAPAMEMPAMU, U YIMO OAA KAIHC-

HUA YUCNO0 nu%ceﬂeﬁ, OMHECEHHDLT K MEMKAM U3 Z"

dozo cemenu z = (p', k') sepoammnocmv nukcean p npunsmo memxy k'
onpedeasemca zayccosvim napsenosckum okrom: exp (—||p — p'|I> /7w ).
Tozda npu caedyrowuxr napamempax ouenka Pynrxuun K ,s Acasemcs
HECMEULEHHOTL:

S
(12| + #Lab(z°%)) - #0bj(z%*, k')’

S
- |z%| + #Lab(z°)’ p=1, (3.14)

Tk =

Ok

ECAU TPU IMOM CeMeHna HAT0dAMcs docmamouno dasexo dpye om Opy-
24, @ UMENNO, D (py k)ezos €XD (—=7llp — P'|?/7w) < 1,Vp € I. 3deco
#Lab(z%) — wucao pasauunor memox 6 z°°, a #0bj(z°%, k') — wucao
ceman memxu k' 6 z%.

JokazaTessbCcTBO. AHAJIOIMIHO JIOKA3ATENIBCTBY TEOPEMBI 2 MOYKHO TI0-
JIyYUTH OIEHKY YHCJIa HMUKCeJIell, OTHECEHHBIX K KasKJ0i m3 kKareropmit
npu MyJIbTHHOMHANLHOM pactpegenennn: o = S/ (|2'| + #Lab(z*)).
CorlacHO yCJIOBHIO TEOPEMBI, B OKpecTHOCTH cemernn z = (p’, k') kmaccu-
bukanys MUKceas p METKOI, OTINIHOMN OT k', BICUET B CUIBHOI (byHKIIK
OTEPb OT HEM3BECTHON PA3METKH CJIATaeMOe ¢ MATEMATUIECKUM OXKH, 1~
nneM exp (—7||p — p'||?/7x). Vcxons u3 jmueiiHOCTH BXOXKIEHHS BCeX
craraeMbix, 3Hadenne QyHKIMN Kjos PABHO MATEMATHIECKOMY OXKH/Ia~
HUIO (DYHKIUK [OTEPH 10 HEM3BECTHBIM CHJILHBIM pasdmerkam. Ocraércest
OlpeJIe/IUTh MaciTab nmap3eHoBCKoro okHa. Ilpu 1 = o/ #0bj(z°%, k'),
OXKHJIAeMOe JHCJI0O METOK B KaTeropusx u3 z° paBHO olleHKe Ha o) (1pu
YCJIOBHHU JIOCTATOYHON YIAJEHHOCTH CEMSIH ):

Tk/

712
#onia= k) [ exp (~TE=EL) dp = 2obita® k) - 7 = e
I

(3.15)
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U3 pasencrsa (3.15) H0Iy4nM UCKOMYIO ONEHKY Tk .

[Mocsennnii wnen dyukimu noreps (3.13) neKoMIo3upyercsi Ha yHAp-
HbIE ITOTEHIUAJIBI, TAK ITO BBIBOJI, JIOMOJHEHHBIN (DYHKIINEH I0TePh, TPU-
BHUAJIEH.

4. DKCepuMeHTbI

4.1. Habopbl JaHHBIX, JeTaJN peaju3anuu, KPUTEepPUu
KadecTBa

HabGopsr mamsbix. Mbl npoTecTHpOBan TPEJIOKEHHBI METOJ[ Ha
nByX Habopax ganmbrx: MSRCv2? [19, 4] u SIFT-flow* [20, 21, 5|. Ha-
6op MSRC comepxkur 276 m306parkeHuit B oby4arorieit u 256 B TeCTOBOIt
BbIOOpKe. [luKcemm BpyUYHYIO OTHECEHBI KaXKIblil K OJIHON U3 23 KaTero-
puil, XOTs 3HAUUTEJIbHAS UX YacThb ocTajiack HepasmederHoi. SIFT-flow
cogepxkut 2488 nzobpaxkenuit B odydaroreit u 200 B TecTOBOI BBIOOPKE,
OHU pa3MedeHBI C UCIOJb30BaHNEM 33 METOK KATETOPHi.

CrpykTrypa mozeaun u npusHaku. s wabopa MSRC cymnepriuk-
CeNi TIOJYYEHBI C TMOMOIIBI0 aBTOPCKON PEAM3AINN AeTEKTOPa TPAHMUIL
gPb [22]. TlpusHaku yHApPHBIX HOTEHIMAJIOB CJIEIYIOIINE: THCTOrPAMMa
BU3YaJbHBIX CJIOB Ha ocHoBe jeckpunropa SIFT [23], mocrpoennas c
[OMOIIBIO cJIoBapst u3 512 cJIOB, rucrorpaMma IBETOB IHKCEJEH, Io-
CTpOEHHas Ha cjioBape n3 128 cJioB, rucrorpaMMa JIOKalnii Ha PABHO-
MepHOit ceTke 6 X 6. OObeMHEHHBIE BEKTOPHI MPU3HAKOB HOPMAaJIH3Y-
IOTCsT U OTODPAXKAIOTCST B IIPOCTPAHCTBO 0O0Jiee BBICOKOW pPa3sMEpPHOCTH,
rJle CKaJIsIpHOe IPOU3BEJICHNE NMPUOJIIKACT DACCTOSHUE X2 W3 OpHUTH-
HAJIBHOIO TIPOCTPAHCTBA (Pa3MEPHOCTh BEKTOPOB IMPHU3HAKOB MPU 3TOM
yrpausaercsi) [24]. IIpusHaky mapHbIX HOTEHIMAJIOB COCTOAT U3 4 ducer:
exp(—c;i;/10), exp(—c;;/40), exp(—c;;/100), 1. 3aech ¢;; — CHIa TPAHAILI
MEXK/JIy CYIEPIMKCEISIMEI, COOTBETCTBYIOIUMU BEPINUHAM § U j, OIPejIe-
JIEHHAs JleTekTopoM gPb.

s mabopa SIFT-flow MBI mOBTOpsteM yCJIOBHST 3KCIepuMeHTa Bex-
uesia u jip. [5]. Cyneprmkcesin u IPU3HAKK TIOJIyY€HBI € IOMOIIBIO KOJIa

3http: //research.microsoft.com /en-us/projects,/objectclassrecognition/
“http: //people.csail. mit.edu/celiu/Label Transfer /code.html
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Tas n Jlazebnuk [21]. On wucnosbsyer rpadosyio cermentarmio Deib-
nenciBaabba u ['yrrenioxepa [25] u 3aTeM BBIYUCISET CIIELYIONIUE TPU-
3HAKU. YHAPHBIE TTOTEHINAIBI 3aBUCIT OT (DOPMBI, MOJTOXKEHUS, TEKCTY-
PBI U MUKCEJTHHOM MacK! CYTEPINUKCeJIell U UX OKpecTHOcTel: Bcero 3115
YHAPHBIX IpU3HAKOB. MBI Takske IpeobpasyeM X, IpuO/ImzKas sapo X2,
yTpauBas ux pasmep [24|. [TapHble npu3HAKN BBIUUCIAIOTCS KaK PACCTO-
SHIA HaJ[ TPYIIIAMI PU3HAKOB CyHeplukcesneii (y2-paccrognns s ru-
CTOrPaMM, €BKJIMJIOBbI B IIPOTHBHOM CJIydae), BCero 26 napHbIX MPHU3HA-
KOB.

Kpurepuu kadectBa. MbI ucrosib3yem jiBa 00bEKTUBHBIX KPUTEPUsI
KadyecTBa CErMEHTAIlUN, KOTOPhIe BBIYUC/ISIOTCS 0 Pa3MeYeHHON TecTo-
BOI1 BBIOOPKE: TOYHOCTD (accuracy) u CpejiHsist OKJIAccoBasi IOJIHOTA (per-
class recall). ToarocTs — 9TO J10J1sT KOPPEKTHO DPACIO3HAHHBIX ITHKCE-
Jieit TectoBoil BeIOOpKU. [lokjaccoBasi MOJTHOTA — 9TO YUCJO KOPPEKTHO
pa3MeveHHBIX THKCesell KaxKJIoH KaTeropuu, JIeJIEHHOe Ha CyMMAapHYIO
ILJIOIIA/ b KATErOPUH B BEPHOI pa3sMeTKe, YCPEJIHEHHOE 10 KATErOPHSIM.
Canenyst npussiTOil nipakTuke [4, 26|, Mbl MCKJIIOUNIM MUKCETH DPEIKUX
kareropuii (sowads u 2opa) U3 nojcuéTa 1MOJHOTHI st Habopa MSRC,
OJIHAKO YUIUTBIBAEM METKY Jdpyzoe, CM. ceKIuio 4.2. AHAJIOIMIHO MBI HE
paccMaTpuBaeM pejiKue KaTeropun (Koposa, nycmuiHs, AYHa, COAHYE ) TIPU
nojicuére 1oJHOTHL Ha Habope SIFT-flow.

4.2. MeTtku nzobpakeHuii

MpbI aBTOMATHYIECKHU TOJyYIaeM METKH M300parkKeHuil 3 MOJIHON pas-
METKH, OCTaBJIAA yHUKAJIbHBIE METKHM IHKCEJIeH i KarKI0ro m300pa-
xenust. Mzobpaxkenne n3 wHabopa MSRC 00OBIYHO COIEPXKUT OIUH WJIN
HECKOJIbKO 00'bEKTOB KOHKPETHOII 11eJ1eBOi Kareropuu (HaApuMep, 3Hak,
Kopoea, asmomobuav) Ha HekoTopoM done. He mobyo donosyio ka-
TErOpuI0 MOXKHO OTHECTH K HCIIOJIb3yeMbIM 23 METKaM, TaK 49TO YacTh
n300parkeHusI MOXKET OCTaThCsI HepasMmedeHHoi. Ha nmpakTrke HEKOTOpbIE
n300parkeHusI COMEPKAT TOJBKO OJIHY METKY KaTreropuu. B 3ToMm cirydae
MeTKa N300parKeHNsl OJHO3HATHO OIIPEIEISeT MOJIHYIO PasMeTKy. UTo0bl
n36€KaTh 9TOro 3HAHMS (HEPEATMCTHIHOIO IIPU MPAKTHIECKIM HCIIOJIb-
30BAHMU), Mbl MOJIEJIUPYEM JIONOJTHUTEIbHYIO METKY Jpyzoe, K KOTOPOii
OTHOCATCS BCE KATEropuu Kpome 00603HadYeHHbIX 23-X. OOLIYHO pasMeTKu
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UMEIOT HEYETKHE T'PAHUIILI, TAK 9TO TPAHUIIBI MEXKIY CErMEHTaMH Pas3-
JIMYHBIX METOK Takzke Hepasmedenbl (puc. 16). Ecim Mbl 6yjieM OTHOCUTH
UX K KATEropuu dpyzoe, 3T0 MOXKET BHECTHU JIUITHUI IIyM B 00y JaOILy IO
BBIOOPKY. [10o9TOMY HEOOXOIMMO HCIIOIB30BATH METKY Jpy20€e TOJBKO JIJIst
HEPA3MEUEHHBIX PErHOHOB, HO He JJisd TpaHuIl. Mbl UCIOIB3YEM CJIeIy-
IO SBPUCTUIECKUN KPUTEPUU Il IOJIYIeHUs METOK M300parKeHus:
MeTKa dpyeoe BKIIOYAETCS B CIINCOK METOK M300paKeHUs TOT/IA U TOJIHKO
TOIJIa, KOIjia M300parkeHne COJEPKUT TOJIBKO OJHY METKY WMJINM He MeHee
30% ero nmkceseit Hepa3MeYeHbI.

B narmeit 6a30Boil II0CTAHOBKE SKCIEPIMEHTA UMEETCst (BOSMOXKHO IIy-
cTasi) MOJHOCTBIO pa3MedyeHHas JacTh 00ydJarolieil BLIOOPKHU, MPH 3TOM
ocTajibHbIe M300parKEeHUsT AHHOTUPOBAHBI METKAMM M300paKeHuil. DTu
ITOJIMHOYKECTBA BBIOPAHBI € MMOMOIIBIO IBPUCTHUIECKOIO AJTOPUTMA TaK,
9TOOBI ITPOTIOPIIUU METOK B HHUX OTPAXKAJM COOTBETCTBYIOIIHME MIPOIOP-
MW BO BCeil BHIOOPKE.

Puc. 3a mokasbiBaeT TOYHOCTD U TOKJIACCOBYIO IMOJTHOTY JIJIsi CEIMEHTA~
MU TECTOBOIl BHIOOPKU JIJIsi PA3JIMYHBIX PA3MEPOB IMOJTHOCTHIO Pa3MeydeH-
HOIT 1acTu 00ydJaromnieil BBIDOPKH, 110 CPABHEHHUIO C O0YUEHUEM HA TOJIHLKO
CIUJILHO Pa3MedeHHol dacTu BblOOpku. B Hambosiee mHTEpECHOM Cirydae,
korga Menee 20% oOy4varommeil BBIOOPKHU ITIOJIHOCTBIO Pa3MEUYeHbl, CJ1abo
aHHOTUPOBaHHAdA HOABLIGOpKa obecneunsaer 10-15% ypesmdenue u To4-
HOCTH, U TOJIHOTHI. B cjlyvae moJIHOro OTCYTCTBUS HOJHBIX PA3METOK, MO-
JIeJTh IPOU3BOJIUT CEIMEHTAINIO ¢ TOYHOCTBI0 38% 1 nosHoToit 18%, o
MOXKHO CYATATH XOPOIIMM PE3YJIbTaTOM JIJIsT CerMEHTAINN Ha 22 MeTKU
(mostHOTA TIpU CIIyYaiiHoil pasmerke cocraBuia Ob1 4.5%).

Korma B obyuarormieit BeIOOPKE OIHOBPEMEHHO IIPUCYTCTBYIOT U300-
PaXKeHUsI C TOJIHOW Pa3MEeTKON M CO CJaOBIMU aHHOTAIUSIMEU, HEOOXO U~
MO ycTaHOBUTH Koaddurment « u3 (2.5). Puc. 36 nokassiBaer, 4ro ero
ONTUMAJIbHOE 3HAYEHNE JIEXKUT HIKe 1. BO3MOXKHBIM 00bSICHEHHEM 3TO-
ro gakTa SBJISETCA TO, 9TO cJiabo aHHOTHUPOBAHHBIE U300PAYKEHUS HECYT
MeHbIIe HH(MOPMAINN, TAKIM 00Pa30M JTOJIKHBI J1aBATH MEHDIIII BKJIa,T
B nejieByto dyHkmuo. Jsg Bcex MagbHEHINX IKCIEPUMEHTOB, TJE 3TO
IPUMEHNMO, MBI Uctojb3yeM « = (0.1.

[Tockosbky Hartra peajinzariusi TpebOBaTEIbHA K PECYPCAM BPEMEHH U
namsATH npu obydenun Ha nabope manubix SIFT-flow (o6yuenne mmurces
JI0 HECKOJIBKUX HEJIEJIb), Mbl HE CMOIJIM IIPOBECTU HACTOJIBKO YKe MOJPO0-
HBbIIl HAOOP SKCIIEPUMEHTOB. BMeCTO 3TOro Mbl CpaBHHBaeM OOydYeHHE C
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Puc. 3. Tounocrs (cruroriHble JTMHAA) U MOKJIACCOBAST IIOJHOTA (IIITPHXOBBIE JIH-
HWH) TIPM Pa3JMIHBIX napaMerpax Ha Habope manubix MSRC. (a) smenenue
YUCJIa, TTOJTHOCTHIO Pa3MEUEeHHBIX M300pakKenuit. JIMHUM ¢ KpyribIMu MapKepa-
MU [TOKa3bIBAIOT TOYHOCTH HA TECTOBOIN BBIOOPKE, €CJIN MUCIOJIB3YIOTCS TOJIBKO
[IOJIHOCTBIO Pa3MevdeHHble N300parkeHusl, ¢ TPEYTrOJIbHBIMI — KOTJ[a OCTAJIbHAS
yacTh 00y4Jalomeil BHIGOPKU aHHOTUPOBaHa MeTKaMu u3o0paxkenuil. (6) Vzme-
HeHue Ko3ddunuenTa caaboit pyHKIUM noTeph . JIMHUM ¢ KPYIVIBIMA MapKe-
paMu TTOKa3bIBAET TOYHOCTH cerMeHTarmu, Koraa 40 m300paKenuil moTHOCTHIO
pa3MedeHbl, ¢ TpeyroJbHbIMI — Korja 80 n300parkeHuil; octagbHas 9acTb 00y-
varonell BbIGOPKKM aHHOTUPOBaHa MeTKaMu n300pazkenuii. (B) Mamenenue koad-
dbunuenra Gynkiun noreps S id IWIOTHBIX PAMOK (KPYTJIble MapKepbl) UK
ceMsiH 00'bEKTOB (TpeyrosibHble MapKepbl). Bee 276 uzobparkenuil aHHOTUPOBA-
HBI METKaMU n300parkeHuit, a TaK»Ke BCe 00bEKTHl aHHOTUPOBAHDBI PAMKAMU UJIN
CeMEeHAMHM, COOTBETCTBEHHO.
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Tabmuia 1. TounocTh U cpeiHsia NOKJIaccoBasl IOJHOTA Ha HabOpe JaHHbBIX
SIFT-flow. IlepBbie JiBe CTPOKM ONUCHIBAIOT OOy YeHNE HA [TOJIMHOYKECTBE U3 256
IMOJTHOCTBIO pa3ME€YE€HHbIX H306pa)KeHHI>’I JIJISL MO,ZLGJ'IQI.;I C ITapHbIMU ITIOTEHIIUAJIa~
MH 1 6€3 HUX, COOTBETCTBEHHO. T peThsl CTPOKa OMUCHIBAET 00OyUeHne Ha Habope,
e ocTajibHble 2232 m300parkeHusi 00yJaoNIeil BBIDOPDKU AHHOTHPOBAHBI MET-
Kamu m3obparkennit. [locieqasss cTpoka MOKA3BIBAET PE3Y/IbTAT OOydUeHUsT Ha
IIOJTHOCTBIO Pa3MedYeHHOI BbIOOpKe U3 2488 n3obparkeHnit.

9QKCIIEPUMEHT TOYH II0JTH

256/256 mosHbIX, 6e3 napHbIX cBs3eil (yokaabHast) | 0.574 | 0.167
256/256 MOHBIX, HHAI-ST pe3yabTaToM JoKaabHoit | 0.620 | 0.176
256/2488 mosHbIx, nHUNMAN3AHs 256 /256 0.674 | 0.208
2488 /2488 mosHbIX 0.696 | 0.246

MTOJTHOM Pa3MeTKOit co cyiabbiM 00ydIeHreM pu (PUKCHPOBAHHON J10JI€ CJIa-
60 aHHOTMPOBAHHBLIX M300payKeHUi, a UMEHHO TP 256 MOJHOCTHIO pas-
MeYeHHBIX n300parkeHusix u 2232 — ¢ merkamu nzobpaxkenuii (Tabur. 1).
Ota caaboobydeHHasT MOJIEIb YCTyaeT 0OyUIeHHON Ha IOJIHOM pa3MeTKe
Bcero 2% mo Tounoctu n 4% no mosmore. IToxoxkue pe3ysnbTaThl MOKa3a-
Jla Ha 9TOM Habope JaHHBIX MOjesib BexkneBna u jip. [5], Koropasi Takxke
Jlocturia noJgHoThl 21% 1upu Tex ke npusHakax M cyneprukcensix. Ilpn
9TOM UX METOJI, XOTs M JIOOMJICS TOTO Ke pe3y/ibraTa, B OTJIMYNE OT Ha-
ero He MUCIoyb3ys jaxke 10% MOTHOCTBHIO pasMeveHHBIX U300paykeHuii,
SIBJISIETCST 3HAYUTEIHLHO 0OJIee CJOXKHBIM: HMCIIOJIB3YeTCs IKCTPEMaIbHO-
PAHIOMU3UPOBAHHBIN XIIMUPYIOIIHIL JIeC JIJIsi HeJTMHERHOro TTpeobpa3oBa-
HUsI TIPU3HAKOB, JIOMOJHUATEBHO 00yYalOTCsT AllPUOPHBIE PACIIPE I/ TEHUST
«00BEKTHOCTU» TTUKCeJIeil U KATEeropuii m300parkeHusl, & TAKKe CyIePITNK-
CeJi Pa3/InIHBIX H30O6paKEeHUH COeIMHSATIOTCST B OOIIYIO IpaduIecKyio Be-
POSITHOCTHY O MOJIeNTh. II0CKO/IBKY 3a/1a9a ONTUMHA3AINN, BOSHUKAIOIIAST B
SSVM c¢ iaTeHTHBIMY TEPEMEHHBIME, HEBBIMTYKJIa, aJITOPUTM MOYKET OCTa-
HOBUTBHCSI B JIOKAJIbHOM MHHMMYME UJIU Ha ILJIATO IeJIeBON (DYHKIMH, TaK
YTO XOPOIas HHUIHAIN3AINS JKeJIaTeIbHa.

4.3. JlobaBjeHUMEe paMOK M CEMSH

MpbI crenepupoBaJin €I11¢ JIBa THIIA AHHOTAIUN JJIsT 00y IaommuX n300-
paxkenuii Habopa MSRC. Kak u B ciiyuae ¢ MeTkaMu n300pakeHui, Mbl
reHepupyeM aHHOTAIMHU TI0 TIOJIHOW pa3Merke. 1IoTHBIE paMKu 1 ceme-
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Ha 00'BEKTOB XOPOIIO ONKMCHIBAIOT O0bEKTHBIE KATErOPUU, HO NPUOABIIs-
0T MaJIo nndopManyn Jjisi GoHOBBIX. Hamnpumep, HeO0O MOXKET 3aHUMATH
3HAYUTEJIBHYIO 9aCTh U300parkeHnsI, TAK ITO €0 PaMKa He HAMHOT'O MEHb-
1e Bcero m3obparkenusi. Mbl [TOJIE/ININ CIIMCOK KATErOPHUil Ha JIBe JacTu:
GdOHOBBIE, B TOM YHC/IEe mpasa, Hebo, 20pa, 60da, dopoea U dpyzoe, u 00b-
eKTHBIE, B KOTOPbIE BOIIJIM BCE OCTajbHble Kareropuu. /Ipe kareropum,
3danue u depeso, IPOSBIISIIOT JIBOINCTBEHHYIO IIPUPOIY — OHM MOTYT OT-
paxkaTh KaK OCHOBHON 00bekT Ha (ororpadun, Tak u 3ajuuil ¢hoH (Ha-
npumep, Jjiec). Mbl HCIIOJIB30BATH CIIEYIONLY IO 9BPUCTHKY JIJIs KAZKIIOTO
n300pakeHnst: 3danue u JepPeo CINTAIOTC (DOHOM TOTJIA U TOJIBKO TOT/IA,
KOTJ[a TIOMUMO HUX Ha N300PaKEHUH €CTh APyTrue 00beKThl. Mbl 100aB/is-
eM K MeTKaM H300parkeHuil obydJarorieil BBIOOPKHU JTUOO IJIOTHBIE PAMKHI
00beKTOB, OO X cemeHa. st He-00bEKTHBIX KATErOpuil MO-IIPEeXKHEMY
JIOCTYIIHBI TOJIBKO METKH n300pazkeHuil. B KadecTBe ceMsiH MbI HCIIOJTB3Y-
eM TOYKHU, HanboJjiee yIaJEHHBIE OT TPAHUI] COOTBETCTBYIONINX OOBEKTOR.

Tabsmna 2. TounocTs (MepBOE UNCIO B KaXKIOH A9€iiKe) N NOKIACCOBAS MOJI-
nora (Bropoe uucsio) na umabope MSRC, npu o6yduenuu 1) TOJBKO € MOJHOM
pa3MeTKOi, 2) ecJii MeTKHU n300parkeHuit (il) TaK2Ke JOCTYIIHBI JIJId OCTaBlIeiicd
JacTh BBIOOPKHU, 3) ceMeHa O0OBEKTOB (0S) TakKe JOCTYIHBI JJIsi OCTABIIEHCsT
qactu BbIOOPKH, 4) morHble paMku (bb) 06beKTOB IOCTYNHBI, 5) U ceMeHa, U
IJIOTHBIE PAMKH JIOCTYTHBI. IUC/Ia B MOCTIEIHENH KOJOHKE PABHBI MEXK Ly COOOIH,
TaK KaK IPHU [OJTHOCTHIO PA3MEYeHHOM BBIOODKE cjiabasi aHHOTAIUS He T00aB-
JisteT HH(MOPMAIIHIH.

il bb os | 0/276 nomubix | 5/276 monHbIX | 276 MOTHBIX
- - = n/a 0.300/0.170 0.648/0.599
+ - - 0.385/0.178 0.478/0.273 0.648/0.599
+ - + 0.559/0.346 0.574/0.370 0.648/0.599
+ + - 0.597/0.543 0.606/0.546 0.648/0.599
+ + + 0.531/0.567 0.542/0.564 0.648/0.599

B Tabmuie 2 cobpaHbl pe3yabTaThl SKCIepuMenTa. Ecim mosHast pas-
MEeTKa HEJIOCTYITHA, U CEMEHA, U PAMKH 3HATUTEJIBHO YJIyUIIaloT Pe3y/ib-
TaT IO CPABHEHMIO C TOJILKO MeTKaMu u3o0parkeHuil. PamMkm ocobenHO
MOBBIIIAIOT ITOKJIACCOBYIO ITOJTHOTY — OHHU IIOMOIAIOT JIydIle 06yIaTh 00b-
eKTHbIE KaTEeropuH, KOTOPble OOBIYHO 3aHUMAIOT MEHBIIYIO ILIOMALL, U
COOTBETCTBEHHO JAIOT HU3KHUI BKJIAJ B TOYHOCTH. B IiejioM, 00ydeHue ¢



106 P. B. IllamosaJsios, /1. I1. Berpos, A. A. Ocokun, I1. Koan

IJIOTHBIMU paMKaM# JIAIIL Ha 5% ycTynaer o0ydYeHnIo ¢ TMOJTHOM pa3MeT-
KOIf W 110 To4dHOCTH, U 10 mojHore. CeMeHa OOBEKTOB JIAlOT MEHBIIH
MPUPOCT KAIECTBA, XOTs UX IIPOIIE MOJIydIaTh. Mbl HCIIOIB30BAIN 3HAYTE-
aue B = 1 GasaHcupymoiero Ko3dguimenTa st TUIOB cyaboil aHHO-
TAlU — BKJIQJ METOK M300parKeHWii U paMOK (MM CEeMsIH) IPUMEPHO
onuHaKOB (CM. puc. 3B IS TIOTBEPK/ICHUST 9TOI TMIOTE3EI).

5. BuiBoabl

[IpencraBien meroq Ay OOyYeHHS CEMAHTUYIECKOW CEerMEHTAIINN
n300parkeHuil 1Mo pa3UIHBIM THUIIAM AHHOTAIMN C ITOMOIIHI0O MUHWMU-
3alUK CIENUATU3UPOBAHHBIX (DYHKIUHI TOTEPH JIJIsi METOK M300ParKeHUil,
IIOTHBIX PAMOK U CeMSIH OOBEKTOB, B JIONOJHEHHE K IIOJTHOW pas3MerT-
Ke. Pe3ysibraThl MOKA3BIBAIOT, YTO COBMECTHAsI aHHOTAIUS, TJie (DOHOBBIE
KaTeropuu 3aJ[aHbl METKAMHU H300paykeHuil, a 00beKTHbIE — ILJIOTHBIMU
paMKaMU, TOKA3BIBAIOT JIYUINee KAIeCTBO CEMMEHTAIINN T€CTOBOH BHIOOD-
KU C YYETOM INPUJIOXKEHHBIX 1IPU aHHOTUPOBAHUU YCHJIMIA.
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