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Annoranus. BusyampHo-a3sikoBeic Moaenm (Vision-Language Models, VLM) mnpeacraBmsaroT coboit
CIIO’KHOC JOCTIDKCHHC B 001acTh uckyccTtBeHHOro maTeickra (MU, Artificial Intelligence, Al), o0seaumstomee
BO3MOKHOCTH Kak koMmmbsroTepHOTO 3peHHA (Computer Vision, CV), Ttak m 00pabOTKH CCTCCTBCHHOTO A3BIKA
(Natural Language Processing, NLP) nnsa o0ecnieueHus 0071¢¢ HSIOCTHOTO TOHNMAHUS JAHHBIX.

B oTamume OT TPaAMIHMOHHBIX MOJACICH, KOTOPHIC (DOKYCHPYIOTCSA HA OJHOM THIC BXOJHBIX TAHHBIX —
BU3YAJTBHOM HJIH TCKCTOBOM, — VLM mpeaHasHaueHHI A 00pabOTKH W MOHUMAHHS MYJIbTHMOJATBHBIX JAHHBIX,
00BCINHASL BU3YATBHYIO H TCKCTOBYIO0 HH(POPMAIHIO 111 (popMHupoBaHHI 00ICC COACPIKATCIHHBIX BBIBOIOB.

Llexs paboTsl — onmpeaCTUTh OCOOCHHOCTH HCIOIb30BaHuA VLM 171 aHATH3a BU3YATbHBIX CUCH.

PaccMoTpeHsl kmrOueBblE KOMIOHEHTHI VLM. HcciaenoBaHbsl CyIIECTBYHOIIME MOAXOABI K AQHATMH3Y
BU3YAJTBHBIX CICH HA OCHOBS VLM. BrImotHCH 0030 MCTOIOB OIICHKH KAYCCTBA TAKHX MOJCICH.

KiroueBble c/10Ba: UCKYCCTBEHHBIH HHTEIICKT, IIyOOKOE OOyUCHHE, SI3BIKOBAS MOJEIb, MOJATbHOCTB,
TOKEH.

BBenenune. 3a mocienHee AecsATWIeTHE B OOJACTH KOMIBIOTEPHOIO 3PEHHS MPOU3OLIEI
nepexox OT TPWIOKEHHH, OCHOBAHHBIX HAa BOCHPUSATHH, TaKUX KakK Kiaccupukanus
n3o0pakeHuil 1 oOHapykeHHue OOBEKTOB, K 0OJiee CIOKHBIM 3a/a4aM, TaKUM KaK MOHUMaHUE
CLIEHBI, PEJIILIMOHHOE MOJEIHMPOBAHHE U OTBETHl HAa BHU3yasbHble Bompochl (Visual Question
Answering, VQA) [1].

Ho Bompoc o ToM, Kak oOOeCmeYuTb CHUCTEMaM BH3YaJbHOIO KOHTPOJSI HCTHHHYIO
CIOCOOHOCTD K PACCYKACHUIO, 1O CUX MOP OCTAETCSI HEPEIIEHHBIM.

BusyanbHoe paccysknenne (visual reasoning) BBIXOAUT NaJieKO 33 PaMKH PacTO3HABAHUS
00BEKTOB U MpEANoJaraeT BbIBOABI, OCHOBAHHBIE Ha aTpUOyTax OOBEKTOB, MX OTHOLICHHUSIX U
NPUYUHHO-CJIEICTBEHHBIX 3aBUCHMOCTSIX B IIPOCTPAHCTBE M BPEMEHH.

OHO CHYXXUT BaXHBIM CBA3YIOIIMM 3BEHOM MEXKIy HHU3KOYPOBHEBBIM BOCIPHUSTHEM U
BbICOKOYPOBHEBBIM MTO3HAHUEM.

HecmoTpst Ha 3HAYNTEIBHBIC YCIIEXH, COXPAHSIOTCS CEPhEe3Hble MPOOETbl B OOBSICHEHUH,
0000ImeHnn MeXAy pPa3sHbIMH MPEAMETHBIMU OOJIACTSIMU M CIOCOOHOCTH pelaTh CIIOKHBIE
3aa4H.

IMocnenuue noctmwkenuss B obmactu VLM mponmemMoHCTpupoBanu Bce Oojiee CIOKHBIC
BO3MOXXHOCTH B HHTEPIIPETALIMN U aHAIN3€ BU3YaJIbHOTO KOHTEHTA.

OTH MOAeNH MOTYT BBINOJHATH CIOXKHBIE 3aJa4H, TaKHe KaK OTBEThl Ha OTKPBITHIC
BU3YaJIbHbIE BONPOCHI, TOHUMAaHNUE JOKYMEHTOB M MYJbTUMOAAJIBbHBIN THAJIOT.

3amava uccieq0BaHUs COCTOUT B 0030p€ CYIIECTBYOIHUX MMOAX0A0B K aHAIN3Y BU3YaJbHbIX
CLieH Ha ocHOBe VLM.

Komnonentst VLM. VLM - 5710 MyapTUMOJalbHble, reHepaTuBHble Mmonenu MU,
crocoOHbIe MOHUMATh U 00pabaTreIBaTh BUAECO, H300PAKEHUS B TEKCT [2].

BonpumHcTBO VLM COOTBETCTBYIOT apPXUTEKTYpE U3 TpeX Hacter (pucyHoK 1):

— BU3yaJbHBIN 3HKOAEp (Vision encoder);

— mpoeKTop (projector);

— Oonpias si3pikoBast Mmogensb (Large Language Model, LLM).

LILM — 3t0 xateropust moneneii rmybokoro odyuenus (Deep Learning, DL), oOydeHHbIX Ha
OTPOMHBIX 00bEMax [aHHBIX, YTO JAeJlaeT HUX CHOCOOHBIMH IIOHUMAaTh M T'€HEPHPOBATH
€CTECTBEHHBIH SI3bIK M IPYTUe THUIIBI KOHTEHTA JUIsl BBIMIOJHEHUS ITUPOKOTO CIIeKTpa 3axad [3].

Haunbonee mmpoko ncnonb3yeMbiMu apxutektypamu LLM sSBASIOTCS apXUTEKTYPbI TOJIBKO
¢ sHKonepoM (encoder-only), Tonpko ¢ nexonepom (decoder-only) u apXUTEKTYpbI TUIIA SHKOEP-
IeKomep.
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Pucynox 1. O6mas apxurexktypa VLM

BonpmmHCTBO M3 HHMX OCHOBaHbl Ha apxutektype TtpaHcopmep (Transformer) [4]
(pucyHoK 2).

Busyanenwiii snKo0ep urpaet pemamnyo posib B MPOSHHPOBAHUN BU3YaJbHBIX KOMIIOHEHTOB
B TPU3HAKKU BEKTOpHOro mpencrasineHust (embedding), KOTOpble COOTBETCTBYIOT BEKTOPHBIM
npenctasiennsM LLM nist Takux 3a7a4, Kak TeHepanus TeKCTa WM U300pakeHuit [6].

On ofyuaercss W3BIEKaTh COAEPIKATEIbHBIE BHU3yaJbHbIC NMPU3HAKU W3 M300paKEHUH WIH
BU/ICOIAHHBIX, 00ECTIEUNBAsi HHTETPALHIO C SI3BIKOBBIMH MPEACTABICHUSIMH.

B wactHOCTH, BU3yasbHBIE 3HKOAEPBI, MCHOJBb3yeMble BO MHOrMx VLM, npeasaputenbHO
oOy4aroTcst Ha OonpIMX 00BEMax MYJbTHMOAAIBHBIX MM IpadUUeCKUX JAHHBIX. 3TH SHKOAEPHI
COBMECTHO 00yHarOTCsl Ha mapax U300paKeHHe-TEKCT, YTO MO3BOJISAET UM 3(PPEKTHBHO yJIABINBATDH
BU3YyaJIbHBIE U S3BIKOBBIE CBSI3H.

Uzsectnbivu  npumepamu  siisitorcst CLIP  (Contrastive Language-Image Pretraining),
KOTOPBII COMOCTABIIIET H300pAKEHHs M TEKCTOBBIE BEKTOPHBIE INPENCTABICHUS C IOMOIIBIO
koHTpacTuBHOro obyuenusi, u BLIP (Bootstrapping Language-Image Pretraining), KoTOpbIi
UCTIONB3YeT MpenoOyueHne ¢ HaualbHOM 3arpy3KOH JUIsl COTTOCTABJICHUS SI3bIKa U U300payKEHHH.
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Pucynox 2. Apxutextypa tpancdopmep [5]

CyecTBylOT 3HKOAEpBI, MpenBapuTeNbHO OOy4eHHble Ha ImageNet WM aHAJIOTMYHBIX
KpynmHOMaciTabHbIX HaOopax naHHbIX. OHH 00y4YarOTCs HA OTPOMHBIX OO0BEMax pPa3MEYEHHBIX
BU3yaJIbHBIX JAHHBIX WM C TIOMOLIBI caMOKOHTposupyemoro (self-supervised) oOyuenwms, uto
MO3BOJISIET UM (PUKCHPOBATH BU3YaJbHBIE MPU3HAKH, XapaKTEPHbIE AJIST KOHKPETHOW MPEaMETHON
obnactu. byay4n M3HAa4a bHO OJHOMOAANBHBIME, 3TH dHKOAEpHI, Takue kak ResNet wimu Vision
Transformers (ViTs), MOryT ObITh aHanTUPOBaHbI AJIST PELICHUS MYJbTUMOAAIBHBIX 33a4. MHOrHe
coBpeMeHHble VLM OOBIMHO BKJIIOHAIOT B ce0st MpenoO0yyeHHbIe BU3yaIbHbBIE SHKOAEPHI, KOTOPBIE
HE TOJIbKO OOECTIEYMBAIOT HA/IEKHOE U OCMBICIICHHOE BU3YaJbHOE MPEICTABIEHHE, HO U SIBISTIOTCS
BbICOKO3(Q(pekTnBHBIMU aiisi TpaHchepHoro (transfer) oOydenus. OHHM TPEBOCXOAST CIyHalHO
WHHULHATM3UPOBAHHBIC YHKOJEPHI, UCIIOJB3YSI MOJNyUeHHbIE BU3YaJIbHbIC 3HAHUS U3 CBOUX obOsactei
oOy4eHusl.

Texcmoewrii  snkooep  (text encoder) mpoenupyeT TOKEHHU3UPOBAHHBIE TEKCTOBBIE
MOCJIEIOBATEIbHOCTH B MPOCTPAHCTBO BEKTOPHOTO TPENCTABJICHUS, AHAJOTHYHO TOMY, Kak
BU3YaJIbHBIE YHKOAEPBI 00padaTeiBaroT n3obpaxkenus [6]. Takue monenu, kak CLIP, BLIP u ALIGN,
UCTIONB3YIOT Kak rpaduyueckuii, Tak W TEKCTOBBIH 3HKOAep. B 3TUX Momensx HCIoab3yercs
KOHTPACTUBHOE OOy4YeHHE Ui COIOCTAaBJICHUS TIpaUYecKuX W TEKCTOBBIX BEKTOPHBIX
NpPEACTAaBICHUH B OOIIEM CKPBITOM MPOCTPAHCTBE, YTO MO3BOJIAET 3(PPEKTHBHO YJIABIMBATH
MekMonaibHble CBsi3H. OmHako B Ooyiee HOBBIX MOJIENSIX YaCTO OTCYTCTBYET CIIELHANbHBINA
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TEKCTOBBIN 3HKOAEP. BMecTo 3T0oro onn nonaratorcs Ha LLM 17151 mOHMMaHUs TEKCTa, UHTETPUPYS
BU3yaJIbHbIE MAaHHbIE C IIOMOLIBIO MPOEKLHOHHBIX CJIOEB MM MEXaHHU3MOB IEPEKPECTHOIO
BHUMAHMSI.

Texcmoeuwtii Oexooep (text decoder) mcnonb3yer LLM B kauecTBe OCHOBHOTO TI'€HEpaTopa
TEKCTA, UCIIOJIb3Y s BU3yaJIbHbIE YHKOEPHI IJIsl POSLUPOBAHUS PU3HAKOB n300paskeHus [6]. B atux
MOJENAX OOBIMHO HUCTOJB3YETCs] MEHUMAJIbHBIA MEXaHU3M BH3YaJbHOH MPOEKLUH, YTO MO3BOJISAET
MOIITHOMY SI3BIKOBOMY AEKOAEPY I€HepHUpPOBATh KOHTEKCTYAJIbHO HACHIIIEHHBIE BBIXOHBIE JaHHBIC.
s o6yuenust VLM c¢ Hy st 00BIYHO TpeOyeTcst OTANbHBINA TEKCTOBBIN AEKOAEP, B TO BPEMS KaK PU
ucnonb3oBaHuu LLLM B kauecTBe OCHOBBI 4aCTO UCIMOJIb3YIOTCSI HCXOHBIE Aekoaeps! u3 LLM.

Mexanuzmer  nepexpecmuoco  enumanusi  (cross-attention mechanisms) oOecnieuynBarOT
BU3yaJIbHO-TEKCTOBOE B3aMMOJIEHCTBHE, TIO3BOJISISI TOKEHAM W3 OIHOW MOJAJIBHOCTH (BHU3YaJIbHOM)
BJIMATh HAa TOKEHBI M3 APYTrOM MOAAIBHOCTH (TEKCTOBOMH) [6]. DTH CIOM BBIYUCIAIOT MOKA3aTENN
BHUMAaHHMS B PA3HBIX MOJAJIBHOCTSIX, HO HE BCE MOJEIH UX HCIIOJIB3YIOT.

IIpoexmop oToOpakaeT BH3yaJlbHbIC NPHU3HAKH, H3BJICUEHHBIE C IOMOINBI) BH3YaJbHOTO
SHKOZIEpa, B O0IIee MPOCTPAHCTBO BEKTOPHOI'O MPEACTABICHUS, COTJIACOBAHHOE C TEKCTOBBIMHU
BEeKTOpHBIMU TipenctaBieHussMu LLM [6]. OOBIYHO OH COCTOUT M3 MHOTOCJIOWHOTO MEpPCEeNnTpPOHa
(Multilayer Perceptron, MLP), xotopblii mpeoOpa3yeT TpeXxMepHbIe BU3yaJIbHbIC NPEACTABICHUS B
KOMITaKTHbIE TOKEHBI BEKTOPHOI'O MPEICTABICHHs, COBMECTHUMBIE C TEKCTOBOW MOIAIBHOCTHIO.
IIpoexktop MOXHO 00ydaTh COBMECTHO C OCTQJIbHOW YacTbIO MOIENU Uil ONTHUMHU3ALIH
MEXKMOJAJBHBIX 3a7ad WIH (QUKCUPYS ONpeAeNieHHble 4YacTH Mopjenu, Takue kak LLM, nnsa
COXpaHEeHHs MPeno0yYeHHbIX 3HAHHH.

AHaimu3 cueH. AHamm3 cueH — (QyHIaMeHTajdbHas 3a7ada KOMIIBIOTEPHOTO 3PEHHS,
HANpaBJICHHAs] Ha HM3BJCUEHHE CEMAHTHUUECKOH HMH(pOpMalMu U3 H300paKeHUH WM BUIEO IS
uneHTHPUKaIU OOBEKTOB, CLIEH M UX B3auMocBsizel [7]. O0nacTsaMu ero NpuMEeHEHUs BBICTYAIOT
ABTOHOMHOE BOXKIIEHHE, WHTEJUIEKTYaJbHOE BHACOHAONIONEHHE M MEAMLIMHCKAs IHArHOCTHKA.
IMocnennue noctwxkenus B oomacti VLM npoaBHHY M aHAIN3 CIIEH Ha HOBBIH yPOBEHb Pa3BUTHSL.

BusyanbHoe paccyxkaeHHe MOXHO CHCTEMaTH4eCKH pas3feluTb Ha HECKOJbKO OCHOBHBIX
TUTIOB, KaX/bI M3 KOTOPBIX COOTBETCTBYET OmpernesieHHoMy crocoly BbIBOma. B sumrepatype
IIMPOKO OIMHUCHIBAIOTCS TMSITh OCHOBHBIX MapaJnrM. CUMBONMYecKoe (symbolic), pensuuoHHOE
(relational), mpuumHHO-CieAcTBeHHOE (causal), BpemeHHoe (temporal) u paccykneHue Ha OCHOBE
3[IpaBOTO CMbICNIa WM HaMepeHuid (commonsense or intent-driven) [1]. CumBonuyeckoe
pacCcy’KoeHue  TpenanoyiaraeT  MaHUIYJIUPOBAHWE  IOUCKPETHBIMH  CTPYKTYPHPOBAHHBIMU
abCcTpakuMsMH, TOJyUYEHHBIMH Ha OCHOBE BH3yasbHOro BBOAa. OOBIMHO OHO OCHOBAaHO Ha
npeoOpazoBaHUU HEOOPaOOTaHHBIX H300PAKEHUH B IPOMEKY TOUHBIE CUMBOJIbHBIE TIPEACTABICHHUS,
TakKue Kak rpadpl CLEH, JJOTMYECKHE IePEBbsI MIIU MPOTPAMMBL, € IOCJIEAYIOIIUM BBIBOIOM Ha OCHOBE
IpaBWl. ITO NO3BOJIET CO37aBaTh JIETKO HHTEPIIPETUPYEMble KOHBENHephl pacCcy XKAeHUH. XOTs Takas
sIBHAsT MPOCJIE)KUBAEMOCTh BBITOAHA Uil BepUPUKALUMH U OOBSICHUMOCTH, 3TOT MeTon Tpedyer
AHHOTHPOBAHHON CEMaHTHYECKOW HMH(OpPMAIMH, TAKOW KaK MAacKH CErMEHTALUU WIN aTpuOyThI
OOBEKTOB, KOTOpbIE 3a4acTyI TPYAHO H3BJICYb HETOCPEACTBEHHO W3 MUKCeNed. PensuuoHHOe
paccy’kKaeHne, HalmpoOTHB, JENaeT aKIEeHT Ha OOHapy KeHWU M MOIEIMPOBAHUU MAPHBIX WM Oojee
CJIOKHBIX OTHOIIEHUH MEXAy BH3YaJbHBIMH OOBEKTaMH. JTH OTHOIIEHHS MOTYT OXBAaTbIBAThb
NPOCTPAHCTBEHHBIE, (PYHKIMOHAIbHbIE WIM CEMAHTUYECKHE H3MepeHus. BmecTo mcnonp3oBaHus
NPEAONPEeIEHHBIX MPABUJ PEJISILIMOHHBIE MOJENH, YacTO Pean3yeMble C MOMOIIBIO IpadoBbIX
HeiiponHbix cerell (Graph Neural Networks, GNN), TpancopMepoB WM pPESIMMOHHBIX CETEH,
y4aTcsi HeIBHO (PMKCHPOBATH 3aBUCUMOCTH ITOCPEICTBOM apXUTEKTYPHOTO MPOEKTUPOBaHMs. Takue
BO3MOXKHOCTH HMEIOT peIlarollee 3HA4YeHHWEe Il TaKuX 3a]ad, Kak co3gaHue rpadoB CIEH,
NOHMMAHHNE BU3YaJbHBIX 3TAJOHHBIX BBIPAKEHHUH M aHANIN3 M300paKeHWH Ha OCHOBE aHAJIOTHI.
[IprunuHHO-CNIECTBEHHOE PACCYKIEHHE BBIXOIUT 32 PAMKH KOPPENSALIIH, MOJCIUPYST MEXaHU3MBI,
MOCPEICTBOM KOTOPBIX OIHO COOBITHE BJIMSAET Ha Ipyroe. B BH3yaJdbHBIX OOJNACTSIX 3TO YacCTO
BKJIFOYAET BBIIBJICHHE HAIPABJICHHBIX 3aBHCUMOCTEH, a HE MPOCTO coBNaeHuil. Takue MeTopl, Kak
CTPYKTYpHbIE  TpUYUHHO-CencTBeHHbie  mogenmu  (Structural  Causal Models, SCM),
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KOHTp(AKTHUECKHE OLEeHIMKH U do-ucyucieHne, 00eCNeUHMBAIOT OCHOBY [JIsl TOJYYEHUs
MHTEPBEHIIMOHHBIX M THUIOTETHYECKHX BBIBOJOB HA OCHOBE BHM3YAJIbHBIX JAHHBIX. JTH TOIXOIbI
0COOEHHO aKTyaJIbHbI B PACCYKACHUSIX, OCHOBAHHBIX Ha BUIEO, I7I€ XPOHOJIOTHs COOBITHH KOAUPYET
MHOKECTBO MPUYNHHO-CJIEICTBEHHBIX CUTHAJIOB.

BpemenHoe paccyAeHUE HANpaBJ€HO HA JAMHAMHYECKWN BU3YaJbHBIA KOHTEHT, KOTOPBIHA
pa3BUBAETCS C TEUEHHEM BpeMeHH. Takue 3aJauu, Kak MPOrHO3UPOBAHME IBUKECHUS, CETrMEHTALINs
AeMCTBUH WK yIopsaoYeHre COObITHH, TpeOYIOT HOHUMaHUS KaK BPEMEHHOMN 3BOJIFO LMK OTIEIbHBIX
OOBEKTOB, TaK U B3aMMOACUCTBHI MeXIy OOBeKTaMH. B 3aBHCHUMOCTH OT CJOKHOCTH 3aJayH,
ApXUTEKTYPbl BapbUPYIOTCS OT PEKyppeHTHBIX HeWpoHHBIX cereil (Recurrent Neural Networks,
RNN), takux xak LSTM (Long Short-Term Memory) u BpemeHHble cBepTouHble ceTu (Temporal
Convolutional Networks, TCN), 1o mpocTpaHCTBEHHO-BPEMEHHBIX TPAaHCHOPMEPOB, OCHOBAHHBIX Ha
BHUMAaHHH, KOTOPbIE (PUKCHUPYIOT JOJITOCPOUYHBIE 3aBHCUMOCTH. BpeMeHHoe paccykneHnue 0COOEHHO
BaXXKHO B BUIeOHaOMoieHnH, obecrieuennu kadectsa (Quality Assurance, QA) BUAEO 1 aBTOHOMHOM
BOCTIPUATUN. Paccy’XIeHusT Ha OCHOBE 3/IPaBOrO CMBICIA W HaMEPEHWH CBS3aHbI C HESBHBIM
MIOHUMAaHUEM AEUCTBUH, LieJIed U KOHTEKCTYaJbHbIX CUTHAJIOB YEJIOBEKA, YTO MO3BOJISIET CUCTEMAaM
BU3yaJIM3allUl JeJIaTh MPaBAONOAOOHBIE BBIBOABI Jak€ B HEOMAHO3HAYHBIX MIJIM YaCTHYHO
HAOJIIOJa€MBIX YCIOBHAX. OTOT THI PACCYKACHUH WIpaeT LEHTPAJIbHYIO pOJIb B pPeajbHBIX
NPUIIOKEHUSX, BKJIIOYAIOIIUX BCIIOMOTATEIbHYI POOOTOTEXHUKY, MPOTHO3MPOBAHHE HAMEPEHHH
BOJIUTENIS M AHAJIU3 COLMAIBbHOM 00cTaHOBKU. J{J1s1 monaep Kk Takoi GopMbl paccy KaeHHs MOEIN
OOBIMHO BKJIOYAIOT B ce0si BHEIIHWE Oa3bl 3HAHUWHA, CETH C pPACUIMPEHHOH NaMATHIO WIH
npenoOyYeHHbIE SI3BIKOBbIE MOJIEIH. 3a/1a4a OMUCaHusl n300pakeHUi nMeeT OOJbIIOE 3HAUEHHE BO
MHOTHX MPAaKTHYECKUX NPWIOKEHUSIX, BKIOYAs B3aMMOACHCTBUE YeJIOBEKa M KOMIIbIOTEpa U
MYJIBTUMOJIAJIbHBIE PEKOMEHaTeNbHbIe cUCTeMbl. COBpEMEHHBIE MOIENIH OOBIYHO O0yHaroTCsl Ha
Habopax manHbIXx Microsoft COCO (MS-COCO) u Flickr30k, pasmeuennsix moapmu. Kak y MS-
COCO, Tak u y Flickr30k ectp ompeneneHHble OTrpaHUYEHUS: OHU B OCHOBHOM COCTOST W3
n300pakeHni OOBIMHBIX OOBEKTOB M CLIEH, HO B HHUX OTCYTCTBYIOT H300pa’KE€HUs] PEOKHUX WU
CJIOJKHBIX COOBITHH, TAKHX Kak O€ICTBHUS, CIIOPT MM UCKYCCTBO, OMUCAHUS H 3aIIPOCHI, CBSI3aHHBIE C
N300pOKEHUSAMH, YaCTO SIBJISIFOTCSl YIIPOLICHHBIMH M MTOBTOPSIOIIUMHUCS, UM HETOYHBIMH, UYTO HE
OTPAKAET MCIOJB30BAHUE ECTECTBEHHOI'O SI3bIKA M OXKHMIAHHS TOJNb30BaTeNsl. TakuMm obOpaszowm,
cyliecTByeT moTpeObHOCTh B Oojiee pPeaMCTHYHBIX W KpymHOMaciuTaOHbIX Habopax [aHHBIX,
KOTOpbIE MOTYT OTpPaXkaTh pPa3sHOOOpa3We W HACHILEHHOCTh BH3YaJbHOH M JMHIBUCTHYECKON
uHpopMauuu B peatbHOM Mupe. CTOUT OTMETUTH, YTO COOpP BBICOKOKAYECTBEHHBIX Pa3MEUEHHBIX
HaOOpOB NTaHHBIX, CONEPIKAINUX Mapbl H300PAKEHHE-TEKCT, TPEOyeT 3HAUNTENbHBIX BPEMEHHBIX U
(uHaHCOBBIX 3aTpaT [8].

Habops! naHHBIX ¢ ONMUCAHUAMHU U300paKeHUH OOBIYHO IENIATCS Ha ABE OCHOBHBIC KATETOPUH:
pa3MedenHHble yenoBekoM, Takue kak MS-COCO wu Flickr30k, u cobpannsie u3 ceru Internet, Takue
kak CC, CC12M u SBU Captions. 3Tu HabOpbI JaHHBIX B COBOKYITHOCTH (POPMHUPYIOT OCHOBY ISl
VLP (Vision Language Pretraining) u BOCI€ICTBIH HACTPAUBAIOTCS JUISI OCIEAYOMUX 3ana4. Kak
NpaBWIO, HAOOPBI MAHHBIX, pPAa3MEUYEHHBIE YEJIOBEKOM, MEHBIIE IO pa3Mepy, HO COAepiKaT
3HAYUTEJPHO MEHbIIE IIyMa T0 CPaBHEHUIO ¢ HA0OpaMH NaHHBIX, COOpaHHBIMU W3 ceTH Internet.
Onnako obe KaTeropuu XapakTepH3yITCs OTHOCUTENBHO JIAKOHMYHBIMU OITMCAHUSIMU.

C pasButuem riayOOKOro OOyYeHHs] B CO3JAHUHM OMUCAHUN K HM300paKEHUSM TPOU3OIIEN
3HaYUTENbHBIN Nporpecc. B mocnennee BpeMsi oco0oe BHMMAaHHUE YyIENSAETCS apXUTEKTypaM Ha
ocHOBe TpaHchopmepos. ExpansionNet v2 ucnonssyer Swin-TpanchopMep B KaueCTBE SHKOAEPA U
IEeKOJep Ha OCHOBE PACIIUPEHUs JUIA YJIYUYIIEHHOW TeHepaluyl OMHMCAHWH, BKIFOYAs MEXaHHU3MbI
IMHAMUYECKOTO pacIIUPEeHUs] M MHOKeCTBeHHOro BHMMaHHs (multi-head attention). ViT-GPT2
couertaert B cede ViT-ankonep u GPT2-nexonep anst npocToro u 3gpPpeKTHBHOrO My JIETUMOAAIBHOTO
MOJIXO/1a, MCIIONB3YSl MPEUMYIIECTBA MPEABAPUTEIPHO OOYUEHHBIX YHMMOJAJIBHBIX Mojened. Bo
MHOTHX HCCIIEIOBAHUAX UCTIONB3YETCsl CTPATEr sl MPEeBAPUTEIBHON MOAroTOBKH Oonbiinx VLM, a
3aTeM UX afanTalyy K KOHKPETHBIM 33aJja4aM, TAKUM Kak co3nanue onucanuii. BLIP-2 obbenunsier
npenobydennole VLM u NLP wmopmenn, ucnonw3ys Tpanchopmep 3zampocos (Q-Former) nns
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oObenuHEeHNs1 3>HKoAepa u3oOpakenmii n LLM. [laHHas Monenb HCHOJB3YeT MABYXSTAIHYIO
CTpaTeruio NpeABapUTENbHON MOATOTOBKU JJIsl BbIPABHUBAHUS MPEACTABIECHUS U T'€HEPaTUBHOIO
oOyuennss. CoOBpeMEHHbIE HCCICOBaHHWS B OCHOBHOM HANpaBJICHbl Ha JajibHEHIIee
MaciTabUPOBAHUE 3TUX METOIOB, OCHOBAHHBIX HA INMPEIBAPUTEIBHOM OOYUEHHH, M WHTETPALUI0
Pa3IUYHBIX BU3YaJbHO-S3BIKOBBIX 3ala4y Ha 3Tame mnpeasapurenbHoro odydenHus. OFA — 3t0
HE3aBUCHMasl OT 33714 MOAEIb, OOBEIUHSIOIAS TPEICTABICHIS H300PaKEHUH 1 TEKCTA C TIOMOIIBIO
TpaHCHOPMEPOB, ONTUMHUZHPOBAHHAS ¢ MOMOIIBIO NepekpecTHol suTpormu u CIDEr ans onucanwust
u3obpaxkennii. GIT ucnone3yer sHKONEP M300pakeHnit Ha ocHoBe ViT u TpaHcdopmep B kKadecTBe
JeKoepa TEeKCTa, MpPeIBapuTeIbHO 00yYeHHbIE HA OOoNbIIuX HAOOpax JaHHBIX THUIA U300paKeHHe-
TEKCT JJIs1 TPeoOpa30oBaHMsl BU3YaJIbHBIX BXOIHBIX JaHHBIX B TEKCTOBBIC onucanus. I-Tuning — 310
oOynerdyeHHast MOAeNb Ui ONHMCAHUS H300paXeHUH, KOTOpash NPENCTaBJsIET HOBBIA MOAYJb
NEPEKPECTHOr0 BHHUMAHUS, OOBCOUHSIOMUN (PUKCHPOBaHHBIN si3bIkOBOH nekomep GPT2 ¢
Bu3yaibHbIM 3HKOHepoM CLIP-ViT. CA-Captioner yay4Inaer uepapXxuro NpeIoKEeHHA, UCTIONb3Y s
MEXaHU3M KOHLEHTPALUH BHUMAaHHUSI, COCTOSIIIMI U3 TPEX KOMIIOHEHTOB: a0COIFOTHOE MTO3ULIHOHHOE
konupoBanue Onoka BHuMaHusi (Head Absolute Positional Encoding, HAPE), ¢ukcupyroiee
MPOCTPAHCTBEHHbIE OTHOIIEHUs, oOydaemblii Mexanm3Mm paspexkuBanusi (Learnable Sparse
Mechanism, LSM), ¢unpTpyrommii myM W BBIOSJSIIOUIMA KIOYEBbIE OOBEKTHI, JIOKAIbHOE
yayumenue npusHakos (Local Feature Enhancement, LFE), oObenunsiroree TokanbHbIE MPU3HAKH.

VCap — 3TO IOMOJNIHEHHAsi TOUCKOM MOJIENb OIMUCAHMS M300paXeHHH, KOTOpasi pacLInpsieT
3HaHus pukcupoBanHoi LLM Ha3BaHUsSMU OOBEKTOB M3 BHEIIHEHW BH3YaJbHO-TEKCTOBOW MAMSITH.
DTta MOAeNnb HCIONb3yEeT JIETKOBECHBIH MOAYJIb OOBENMHEHHs BHUMAHUS, KOMOMHHUPYIOIIHN
U3BJICUCHHBIE MMEHAa W BH3yaJbHblE MMPHU3HAKH, OOecredrBas NMOHUMAaHHE OTKPBITOTO MHpa C
noMoteio 3,97 MiH 00y4aeMbIX mapamMeTpoB Oe3 TOHKOH HACTPOHKM Ha NaHHBIX, BBIXOISIINX 32
npenespl npenMerHoil obmactu. MSRM reHepupyer neTaqu3UPOBAHHOE OMMCAHUE CIEHBI C
TOYHBIMH  B3aMMOCBSI3SMH  Oyjarojapsi TpeM KIIOYEBBIM HHHOBALUSAM. CEMAHTHYECKOMY
aHaNINU3aTopy, U3BJIEKaIOLIeMy AMHAMUYECKHE CEMaHTUYECKUE CUTHAJIBL, CEMAHTUUYECKOMY CPEACTBY
OTOOpaKEHMsI,  YCTAHABJIMBAIOLIEMY  NETATU3UPOBAHHBIE  PENIIUOHHBIE  B3aUMOICHCTBUS,
aNlalTUBHOMY CBSI3YIOIEMY JE€KOIEPY, AMHAMUYECKH OOBENMHSIONIEMY MPH3HAKH Pa3IMYHON
CTENeHU AeTaln3alnu.

VIPCap — 53TO BHU3yalibHBIA 3ampOC HAa OCHOBE IMOMCKA JJIsI YIPOIIEHHOTO OINMHCAHUS
n300paKeHNi, MPeodpasyroIni MONTyUYEeHHBIN T H300PAKEHHSI TEKCT B CEMAHTHUYECKUE MTPU3HAK,
HCIIOJIB3Y Sl U3yUuaeMoe pacrpenenenue I'aycca, 1 cOnocTaBASIOLUI UX C BU3yaJbHBIMH ITPU3HAKAMU
IUIs CO3JaHMsI BU3YaJbHBIX 3alpocoB. BrplieonucaHHble METOIAbI CO3AAIOT OMHMCAHMS C HYJ,
ONTUMH3HUPYSI KOHTPOJINPYEMYIO (PYHKIIMIO MTOTEPh Ha MOA0OpaHHBIX Habopax HaHHBIX [8].

CoBpeMeHHBIE TIOAXONbI HANpPaBJIEHbl HA WH(POPMATUBHOE OMNMHMCAHHUE H300PAKEHHH IMyTeM
OOBEIMHEHNSI HECKOJNbKHX HWCTOYHHKOB WM BKJIIOYEHUS [OMOJIHUTEJNbHOW CEeMaHTHYECKON
uHpOpMauuy, NoJy4eHHOH u3 Bu3yaibHOro konrenta. LaCLIP ucnonszyer LLM mnis nepesanvcu
HeoOpaOOTaHHBIX OMHCAHUH, HO YaCTO CTAJKUBAETCS C TaJUTIOLMHALMAMU H3-3a OTPaHUYEHHOU
BU3yaJbHOW mpuBsi3KU (grounding) U HU3KOTO KadecTBa BXONHBIX omucanuid. FuseCap ynyumraer
Ka4eCTBO ONHUCAHUH C TMOMOMIBI0 NeTeKTopoB 00bekToB. VeCLIP wucmomesyer LLM  ans
o0beuHEeHNUsT HEOOpaOOTAHHBIX U CHHTETUYECKUX OINHCAHHMHA, HO HANPSIMYK0 3aBUCHUT OT YKe
cymectByrouied LLM 1 BBIBOZIa U HE UMEET YETKUX YKa3aHUW MO HUCHOJb30BAHHUIO 3HAHUN U3
HeoOpaOOTaHHBIX OMUCAHUN MM CHHTAKCHYECKHX IOACKa30K n3 cuHTeTnueckux. CapsFusion
pemaer 5Ty mnpobrmeMy, HactpauBas LLM ¢ OTKPBITBIM HCXOOHBIM KOJIOM Ha JaHHbIX,
creHepupoBaHHblx ChatGPT, u Bxito4ast moppoOHbIE MHCTPYKLUH, KOTOPBIE MMOMOTAT MOJIENH
NpUHUMAaTh Oosiee OOOCHOBAHHBIE PEIIECHUs] BO BpeMs OObeAMHEHUs pe3yibTraTtoB. MHCTPYMEHT
BU3yaJIbHOW NpPOBepKH (PaKTOB HANpPaBJIEH HAa YMEHBLICHWE TaJUTOLMHALMNA B PaCIIMPEHHBIX
OMMCAHUAX MyTEM MHTErpaliy pe3yjbTaToOB ABYX MyJbTUMOJANbHbIX onucarteneil. [lns nmpoBepku
(bakTOB HCIIONB3yeTCs OOHAPYKEHNE OOBEKTOB, a IJIsl MPOBEPKU U 00OOIICHUS PE3yJIBTATOB B BUIE
COTJIACOBAHHOTO OKOHYaTeNnbHOro omucanus ucnonsdyercs LLM. QAC ynydmaer peranusanuro
ornucanus, oOwvenuHss Questioner (3ampammBaeT OOBEKTHI, NMPOCTPAHCTBEHHBIC OTHOIIEHHS HU
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muposble 3HaHUsA), ChatGPT (nns mnonydeHuss HCYEpNBIBAIOIINX OTBETOB) U Answerer
(00OCHOBBIBaE€T OTBETHI BU3yaJbHBIMH JAHHBIMH), & OKOHYATEJIbHOE OIHCAHHE CHHTE3UPYETCs
cnermanbHbiM Captioner [8].

Ouenxa VLM. Ilo Mepe HapacTaromeil MHTErpalii S3bIKOBBIX MOJAENICH B MOBCEIHEBHBIE
NPUJIOKEHUS, BKIIOYast LHU(PPOBBIX ACCHUCTEHTOB, OOTOB [IJis1 OOCIY>KHMBaHHUS KJIHMEHTOB,
o0pa3oBaTeNbHbIE HHCTPYMEHTBI, MEJUIIMHCKYI0 JHArHOCTUKY U AaKe OPUIUYECKHHA aHaH3, UX
OLIEHKa NpUoOpeTaeT KPUTHUECKH BakHOE 3HadeHHe. OIeHKa OXBATBHIBAET BAJKHEHIINE aCMEKThI
ycToiiunBocTu (robustness) u moctoBepHocTH (trustworthiness). Ot dakTopsl TpUOOPETAIOT BCE
Oonbliiee 3HAYEHHE TNPU BCECTOPOHHEH OLIEHKE MPOM3BOAUTEIBHOCTH SI3BIKOBBIX MOJEICH.
YCcTOHUMBOCTD M3yUaeT CTaOMIBHOCTh CUCTEMBI NMPH CTOJKHOBEHHUH C HEOXKUIAHHBIMH BXOIHBIMU
naHHBIMH [9]. B 4yacTHOCTH, yCTOMYMBOCTD K BXOAHBIM [AHHBIM, BBIXOISLIUM 32 IpEAesbl
obyuatromeii Beioopku (Out-of-Distribution, OOD) u coctsizarenpHas (adversarial) ycTOWYHUBOCTD K
MPOTHBOACHCTBUIO SIBJISIFOTCS TOMYJIIPHBIMHA TEMaMH UCCIIEOBAHUN B OOJIACTH YCTOHUHUBOCTH.

S3bIKOBBIE MOZETH CIIOCOOHBI T€HEPHPOBAThH CBSI3HBINA U, Ka3aJIOCh Obl, TOCTOBEPHBIN TEKCT.
Onnako nonydeHHast ”HPOPMALH MOXKET COAEPKATh (PAaKTUIECKUE HETOUHOCTH WJIH YTBEPIKICHIS,
HE HMEIoIHe OTHOLIEHUs K pealbHOCTH. OJTO SBJIEHHE HW3BECTHO KaK raJulOLMHALUA
(hallucination) [9].

Cpenu aBTOMaTUYECKUX METPUK OLIEHKH CTOUT OTMETHTS [ 10]:

—BLEU Bbmuucnser npouib NEPEKPbITUS N-TPaMM CTE€HEPHUPOBAHHOIO OIMHUCAHUS C
STAJIOHHBIMU OMHUCAaHMUSMU. JlaHHAsI METpUKa LIMPOKO MCIONb3YETCs U JIETKO BBIUUCIISIETCS, HO He
YYUTHIBAET CEMAHTUYECKOE CXOJCTBO WM OETIIOCTD, a TAKIKE MOKET OBITh YyBCTBUTEIbHA K TOYHOMY
COBIAJIEHHUIO CJIOB.

— ROUGE wusmepsier mepekpbiTHe n-rpaMMm (B YaCTHOCTH, YHHUIPAaMM, OUTpaMM M CaMbIX
JUIMHHBIX OOIMMX MOAMOCTENOBaTENbHOCTEH). MeTpuka MOAXOAWT MU OLEHKH KayecTBa
obobmenusi, opueHTupoBana Ha moHOTY (Recall). Orpannyenust anajgoruaasl BLEU u B ocHOBHOM
CBsI3aHbI C TOYHBIM COBIAJIEHUEM CJIOB.

—METEOR BblMuCISIETCSI HAa OCHOBE CpPEIHEro TrapMOHHUYECKOTO 3HA4Y€HUs] TOYHOCTH
(precision) U MOJIHOTHI YHUTPAMMBI, T7I€ TIOJIHOTA UMeeT OoJbliee 3HaYeHHe. JIydinas Koppesiust ¢
YEeJOBEUECKMMH CykaeHussMu, dyeM y BLEU, Bkiroyaromass CONOCTAaBJIECHHE KOPHEH CJOB H
CMHOHNMHH. TeM He MeHee, MOXKET MPOIYCKAaTh CEMaHTHUECKUE CBS3H 00Jiee BHICOKOTO YPOBHSI.

— CIDEr Borancnsier B3pemenHoe o TF-IDF (Term Frequency-Inverse Document Frequency)
CXOACTBO N-rpaMM C HECKOJbKMMM OTAJOHHBIMU OINHMCAHMAMU. ODTO METPHUKA, CIELHATIbHO
pa3paboTaHHas AJIs 3a/1a4H OMMCAHUS N300pakeHUH, KOTOpast mpuaaet OonblInii Bec Ooniee penkum
n-rpammam. MlHOTria OHa MOXKET OTAaBaTh MPEANIOYTEHHE YPEe3MEPHO H30BITOYHBIM OITHCAHUSIM.

— SPICE onenuBaeT omnucaHuss Ha OCHOBE CEMaHTHYECKOIO MpeAaraeMoro KOHTEHTA,
BKJIFOYast OOBEKTHI, aTpUOyThl M OTHOLIEHHWs. MeTpHKa yJaBIMBAET CEMAHTUYECKOE 3HAUCHHE 32
npenegaMu NMNepeKkprITUs N-rpaMM U XOPOLIO KOPPEIUpPYET C UeJIOBEUECKUMHU CyKaeHusIMU. O1HaKko
€e BBIUMCIICHHE MOXKET BBI3bIBATH CJIOKHOCTb, U OHa He Bceraa 3QdexTuBHO oOpabaTeiBaeT
CHUHTAKCUYECKOe pa3HOOOpasue.

— CLAIR wucnonssyer zero-shot LLM nanst oneHKH onucaHUi. Y AaHHOW METPHUKH JydInee
COOTBETCTBUE YEJIOBEUECKHUM CYKACHHSM I10 CPaBHEHUIO C TEKYLIMMH I[0Ka3aTelsIMH, U OHa
obecreunBaeT HHTEPIPETUPYEMOCTD TIPU HATIMYWH MOMeEX. Y Hee BBICOKAs BBIMUCIIUTENbHAS CTOMMOCTb, &
BOCIIPOM3BOMMOCTB MOYKET 3aBHCETh OT CTabMIIbHOCTH 0a30B0i LLM.

—FLEUR — merpuka, UCTIOJB3YIOMIAs OOJBITYI0 MYJIBTUMOIAJBHYO MOJAENb IJIsl COTTOCTABIICHUSI
onMcaHusl ¢ M300paKEHHEM W He HYXKIAIOINAsiCsl B STAIOHHBIX onmcaHusax. OHa OObsicHMMA |
IEMOHCTPUPYET JIyYlllde TIOKa3aTeld Tpu OueHke Oe3 Hchonb3oBaHus dtanoHa.  OmHako
MPOM3BOIUTENIBHOCTD 3aBUCHT OT KA4€CTBA M BOSMOJKHOCTEH 0a30BO# OONBIION MyJIbTUMOIATBHON MOJEIIH.

B orBeT Ha pacTyIyr0 CIOKHOCTb Mopenei ObUl pa3padoTaH psi STAJOHHBIX TECTOB IS
CTaHAAPTHU3ALMHU OLIEHKH SI3bIKOBBIX MOJIeJIel IPU peLeHNH LTUPOKOro Kpyra 3a/1ad4:

—MS COCO — Hanbonee MHMPOKO UCIIONB3YEMBIH HAOOP MAHHBIX, KOTOPBIA COAEPIKUT OOJIBIIYIO
KOJUIEKIIMIO M300PaKEeHNH ¢ MOAPOOHBIMH aHHOTALVSIMH, TAKUMH KaK CerMEHTALHs OOBEKTOB U HECKOJIbKO
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CO3/TaHHBIX YEJIOBEKOM OmucaHuil K m3oOpaxkenuro [10]. Hanuuue HECKONbKMX OMHCAHWUN AJIS
OJTHOTO U300pa)KEHHsI MO3BOJISIET OLIGHUTh Pa3HO00pasre reHepupyEeMbIX OMTUCAHUM.

— Flickr8K — Habop HaHHBIX, MPENOCTABJSIIOIIUI IATh AETAJbHBIX ONMHUCAHHWHA ISl KaXKIO0TO
uzobpaxenws [10].

— Flickr30K — pacmupennas sepcust Flickr8K [10].

— Conceptual Captions — Oonbpmioli HaOOp HOaHHBIX, CO3MAHHBIA MyTeM IOJTyYECHHUS
n300paKeHUIH U OMMMCAHUI MPOrPAMMHBIM MyTEM C BEO-CalTOB, KOTOPBIE MPEAOCTABIISIOT OONBIIOE
KOJIMYECTBO 3alIyMJICHHBIX, HO pa3sHOOOpasHbIXx map wm3obpaxkenue-tekct [10]. OprOomy
N300paKEHII0 COOTBETCTBYET OJTHO OMHCAHUE.

—1U X-Ray — Ha®op maHHBIX, KOTOPBIA YacTO MCMOJB3YETCs IJIsl OMUCAHUA METUIIMHCKHX
uzobpaxenwuii [10]. OH comepKUT PEHTTEHOJNOTUYECKHE CHUMKH U THATHOCTUYECKHe OT4eThl. JlJist
noo0HBIX HAaOOpOB HEOOXOAUMO, YTOOBI MOZENH H3y4alld CIIEHUAM3UPOBAHHBIE CIOBAPU U
MOHMMAJI  BHU3yaJibHble OCOOEHHOCTH KOHKPETHOH mpeameTrHol oOmactu. s Kakmgoro
U300paKEHUsT HCIONB3YETCS TOJBKO OJHO ONHCAHWE, YTO OrPAHUYHMBAET JIMHIBHCTUYECKYIO
U30BITOYHOCTB, HO OOecrieunBaeT OoJee LeJIeHaNPaBIeHHOE TEKCTOBOE OIMCAHHE.

— UnIVAL — yHu(uinpoBaHHbIN 3TAIOHHBIN TECT, OXBATHIBAIOIIUH HECKOJIBKO MOJAIbHOCTEH
(m3obpaskeHre, BHUIEO, ayaHUO, TEKCT), MO3BOJSIIOIIUNA TPOBOAUTH OLEHKY B KJIACCHYECKHX
BU3yaJIbHO-SI3bIKOBBIX 3a/1adax, a Takke o0o0marh pe3ynbTaThl Ha BHAEO W aynuo-Tekct [11].
JlaHHBINA TECT OXBATHIBAET ayAHO-TEKCTOBbIE 3anauy, VQA, co3nanue onucaHuil K U300pakeHUsIM,
OTBETHI Ha BOIIPOCHI B BU/ICO B paMKax eIuHOro ()peiiMBOpKa M BBINYINEH B KAUeCTBE pecypca s
OLIEHKU YHU(UIIMPOBAHHBIX MyJIbTUMONAIbHBIX LLM (MLLM).

HekoTtopele mnoaxonbl [UIsi OLEHKH BBIMOJHEHHS 3a1a4  OOHAPYKEHHs, CerMEHTAllHH,
knaccudpukanuu uszodpaxkenuii u oOpaboTku BUAeo ¢ TNOMOmBID VLM HCMONB3YIOT Takue
knaccudeckne Habopel maHHbIX, kak ImageNet-1K, CIFAR-10/100, ADE20K, Cityscapes, Pascal
VOC, YouTube-VOS [11].

HecMmoTpst Ha mocTiwkeHust B 00JIaCTH aBTOMATHYECKOH OLIGHKHU, OLIEHKA YEJIOBEKOM OCTAETCs
pewmaroimel Uil BCECTOPOHHEH OLIGHKH KadeCTBAa OMUCAHUS HM300paKeHUH, MOCKOJIbKY JIFOAM,
BBIMOJIHSIOIINE OICHKY, MOTYT JaThb TOHKHE CYXKIEHHs O CBSI3HOCTH, COOTBETCTBHHM U OOIIEH
€CTECTBEHHOCTHU CTreHepHPOBaHHbIX onrcanuii [ 10]. B kauecTBe KOMIIpoMucca HEKOTOPBIE CUCTEMBI
UCTIONB3YIOT THOPUIHBIE METOABI OLIEHKH — aBTOMATHU3MPOBAHHAsI OLEHKAa JJIs 3a7ad OONbLIOro
00beMa B COYETAHUHU C MEPHOAMYECKUMH MMPOBEPKAMH YEJIOBEKOM 00JacTell ¢ BHICOKUM YPOBHEM
pucka wuiud 3HauuTeNbHbIM BiusiHueM [12]. CrtpemurenpHoe passutue LLM 3HaunTenpHO
pacIIMPUIIO UX BO3MOXXHOCTH B BOCHPUATUU U PACCYXKIEHUU B JOJITOCPOYHOM KOHTEKCTE, YTO BCE
OO0JIbIIIe MOMYIAPU3UPYET UX UCTIONBb30BAHNE B KAYECTBE OLICHIUKOB B pa3iu4yHbIX 3a1a4ax NLP. Ha
ocHoBe koHnenuuu LILM-as-a-Judge Bo3Hukiaa wuges MLLM-as-a-Judge [13], o3Hadaromas
BO3MO>KHOCTB UCONb30BaHust MLLM A1t OLleHKU BBINOJHEHUS 3a/1a4.

3akmouenue. B nocnennee Bpemst LLM nocTuriu 3Ha4UTeNbHOIO IpOrpecca, CpaBHsABIINCH
WM JlaXke MPEeB30i/id BO3MOXKHOCTH YeJIOBEKa B PELIEHUH LEJIOoro psaaa CIoXHbIX 3aaa4. HecMotps
Ha 3Ha4YUTeNbHbIE JOCTHKeHUs,, VLM no-nmpexxnemy orctatoT 0T LLM B OCHOBHBIX BO3MOKHOCTSIX
paccyxaeHusa. B 1o Bpems kak LLM neMOHCTpUPYIOT CWIBHBIE HAaBBIKHU CHUMBOJUYECKOTO H
abcTpakTHOro paccyxaeHus, VLM HCHBITBIBAIOT TPYIHOCTH C CYIIECTBEHHBIMH aCHEKTaMU
BU3yaJIbHOrO MOHUMaHust. OHU YacTO HENMPaBHJIBHO TMOJCYUTHIBAIOT OOBEKTH B 3aIPOMOXKIEHHBIX
WM TEePEKPBIBAIOIIUXCS CLEHAX, MJIOXO CIPABJSIOTCS C NMPOCTPAHCTBEHHBIM PACCy KIEHHUEM U He
MOTYT TOYHO OINpPENeINTb MECTOINOJOXEHUE WM pPaclO3HaTh Ba)KHbIE OOBEKTBI BO BpEMs
BU3YaJIbHOTO NIOUCKa. bojee Toro, KOMIMO3ZUILMOHHOE U PEJIALIMOHHOE PACCY KIAEHHE, I7le TOHUMaHue
KPUTHYECKH 3aBUCHUT OT CTPYKTYPHPOBAHHBIX OTHOLIEHHH MEXTy OOBEKTaAMH, OCTAETCS CEPhE3HON
npobsieMoil. ITH OrpaHUYEeHHs YKA3bIBAIOT HAa TO, 4TO VLM, HECMOTpsl Ha WX MOIIb, HE UMEIOT
KJIFOUEBBIX MEXaHU3MOB JIJIs1 CTPYKTYPHUPOBAHHOIO BU3yaJbHOTO paccyxaeHus. CienoBaTenbHO, UX
3¢ (EeKTUBHOCTD B 3THX O0NACTSX eIle He COOTBETCTBYET 3ddextuBHOCTH LLM B comocTtaBUMBIX
3amavyax pacCy’KACHUS Ha OCHOBE Tekcra. lIpoBeneHHoe B padoTe MCCIEOBAHHE BBINOJIHEHO B
paMKax COBMECTHOTO Oenopyccko-Typeukoro npoekra Ne @25TYPI-001.
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APPLICATION OF VLM FOR VISUAL SCENE ANALYSIS

V.V. Vengerenko
Junior Researcher at The State Scientific Institution
« The United Institute of Informatics Problems of the
National Academy of Sciences of Belarus »

Abstract. Vision-Language Models (VLMs) represent a sophisticated advancement in artificial intelligence,
integrating the capabilities of both computer vision and natural language processing (NLP) to provide a more holistic
understanding of data. Unlike traditional models that focus on a single type of input — either visual or textual — VLMs are
designed to process and understand multimodal data, combining visual and textual information to generate richer insights.
The purpose of the research is to determine the specifics of using VLMs for visual scene analysis. The key components
of VLMs are examined. The existing approaches to the visual scene analysis based on VLMs are investigated. A review
of methods for evaluating the quality of such models is performed.
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