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Abstract

Visual Question Answering (VQA) is a challenging artificial intelligence task that requires models to
comprehend image content and natural language questions through cross-modal semantic integra-
tion. However, existing methods often struggle with deep visual-language interactions, particularly
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in zero-shot scenarios where generalization is limited. To address these challenges, we propose
ProMahaVQA, a novel model that incorporates a cross-modal prototype matrix, a prototype query
mechanism, and a Mahalanobis distance-based multi-label contrastive loss. These innovations sig-
nificantly enhance feature discrimination and model robustness. Notably, this work is the first to
integrate prototype learning into zero-shot VQA, enabling the model to recognize unseen answers
via a memory matrix. Experimental results on F-VQA, TZSL, and GZSL benchmarks demonstrate that
ProMahaVQA substantially outperforms existing approaches, exhibiting superior generalization
and cross-modal reasoning capabilities.
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Figure 1. Overall framework of the ProMahaVQA model
[& 1. ProMahaVQA & jyEE{AHE 22

I AR U P T B S SR R A b, DA B A SR AR R AT UL IC o 2% i AR B e R o A S A
RHIE SRR, IR 5 2560 4E SR RIE . AU AL T RIZAM LR IE B AR SR I IR A, IR Ho A A
AR SR B, AZ A R R A, S T FCBR B R 2 ARSENS BBV AT AL, DASR
THERI X BEFT. (EHERRBT B, MEALTHEL 500 ML B AW R A, M A i i OB R AE v iR
Zhgntho pln, KL PR EEE, RARAESE “Knife” %R,

1.3. #F OpenCLIP B4R EUESR

AW 5t K H OpenCLIP AR HL F-VQA Hd £ h T EMBARFAE . SR RIRAFAE AN o] BURFAE, B4
PAF B
1) EMEASEIRE(Image Feature Extraction)
Yo, WHEINES AT I RN 224 x 224 {5 £ IFA 1k, DADUECRER N B SR . 4%
#, B EUGRI NE E KM N AN Patch, 4 Patch [FR~}h 16 x 16 35 . Patch $t&: N 540 F -
PZ

N =W ©)

Forb H AW 2350 8 BUR s FE AN B2, P Oy Patch BRS) . B4 Patch T8I Ao P #5050 2 4556 31 i 72 K/
(e (8], K Patch R A :

& =W, X +bp (6)
Hrpw b NEMHERNSE N T IRE K Patch Z (B AR AL EAE R, DAL B 265
Z; =€ + pos, )

X ey B g 5 Y Patch H A Transformer ifilas, 122w A5 &% i 2 A HIE ) B MBTGTHE I 2%
JRA R FER NI .

Attention(Q, K,V ) = Soft max{QKT JV 8)

Ja.

DOI: 10.12677/5a.2025.146145 31 G2 55 F


https://doi.org/10.12677/sa.2025.146145

S

i, QWK MV 435l 3R s E 1 (Query) 4 (Key) FIME (Value) JEFE, d, A Key HI4EE . 423t L )2 Transformer
TS, B Patch (MR AHRHIER R N:

2 = FFN(Attention (Q, K,V )) (9)
%, Transformer 4t %4 H ¥ 42 )5 73 2 Token (CLS Token) z¢ /E %41 E% 1) 4 JRFAE £ -
I, =25 (10)

2) CAHHESREY (Textual Feature Extraction)

SCARREAE SR HURE o] 1] 50 SCA AN SCRE AT IEAT 4, DAA G — 115 R [7]. 1A OPENCLIP 44
TP SCAR G ih 25 A0 B SCA KO, L4 SO AN RN SO AS o BRI BSCAR R n AN, Rk N
[Wi, Wy, W, |5 SERERIRSCAREL S m AN, R8N [s,,S,,++, Sy | o TSR IS HRNFERE E B 31 ) 5 23 )

e =E-q (11
g =E-s, (12)
XL A AN LSTM M4, DARHR SCAR B R SUE B:
h =LSTM (et,h[_l) (13)
%, LSTM MIZ IR 5 — M BRiEIR 45 (Final Hidden State)/E N SCA 1 42 J& 3R :
Qi =h (14)
Si=h (15)

1.4, EEiEASEBISERE4E RR(Cross-Modal Prototype Matrix Generation)

FERLAE ) BT 55 T, S BUSHFIE I B & 558 B R A BRAER B R I8t . NIETE VQA T4 s
BOSHERLRE J), AR T — Rl TR R R (L 50y, 1257358 3 2 ) AT fils B A 2 IR R SR i o
RUMERE . AR AL O BA R S S R IE R SCA R AT SRS, AR R BURRAE, B4 s A4 T 2R i
[8]. 1ZJR AR RE IR UGk T A [F FAL G BEALYILE L, T2 R AL SEARFE -5 SCARFRAE [ R DA T4
GaA, MMIFRAIER R AL &G = OB UE B . BTSN TR BESRHE Rl &, FRATE e F-
VQA B¥E S HE B G AN SC AR, X SURRAE F OpenCLIP #5E7Y f) MG AN S A i 2825 e G AFAE Hi 51
145 ResNet-101 fAIHREY, R =B R R . UL RHHE B I %% BERT BZUFLEL, LIKSRIE
RGeS . BHJE, FRAT SRR B RE A SCARRAE AT HHE, M SRS RE R &, A5, 4 K-
Means 5REEIENS IS B RHIE A B EAT SR2E[9], I AR MR E AR NI a6 O B A J5 Y o 1K L J Y gl
TP TE L I B RS SR AR B v, 0 B 0 A SRR AIE 5 SCARRRAIE 2 ] 1) P R R [10] o FEAR AL I 20 72
SRS R AR MR AN T SE R AL, B GRS YRR B A R B B LSRR M T AC RS B . S5 Rl
S50 R G 1 T 25 A ) 5 e A R e A N B BRI R o AN, BRATIS P Sk I 2 AR AR L K
SRR X 2 BE . PR LA TS . BRI R, MBI A SRR (B R I

f.n = Concat( f,, (u), fiq (U)) (16)

Hor, £ (u) REEBHRHE,  fo (u) RESTARKHIE, Concat FRfHetfiE . 1 K-Means RAHE,
TR 5 RS RFALL () B REAT IS, DR s 2 SR R -

{mk}:j:1 =KMeans(R, ) 7
Horbr, m R kAR E S H0(Cluster Center), R AR k MERPEBSFEE S, N ARERE
AR EMER A EGR R ES R, tHREE:

DOI: 10.12677/5a.2025.146145 32 G2 55 F


https://doi.org/10.12677/sa.2025.146145

SEEEn

PM,; =LNZK‘: M j (18)
Ny 5=
Hor, PM, 58 kRS | RIS, N ROREE KORES | RIOREARL n  AREIZIRT A | MRS
REASFHE . 4 13— AR B BES R AE A 27 1 i 7, AT U A5, X B AEAS IR AR e k47 ) 25 S8
PM" =a-PM +(1-a)-PM (19)

FEZ A U PM PR FoR BB IR AR v 35 & 858 1 SR I SR SR ), AR TE AR I G B s v
B, OB T SRBRFAE R R B DL AZ T B H R A AR R, L S A S kA
T4 SR AT o BRI R TSR A IS 2 A SR AT S, ALY 28 A i s SR R R LR
AERIFEME o DU SR T3 /M 1 2% B BOR I B TR Y, L SRS 3 55 2 B 0 A0 5. iZ LI
PSR PR EE, G T IREEHSREL I A ERTE, RN RS w0, AT VOA 1

W EES . £ VQA RS, BB WP F AR R R, BT STt KPR, $Rmd EIm
HERYE . AHT TSR IR SE SRR, SRS AR R A U ROt iR T 1SS R LR R T, IR TAE
A VQA R H EHL 1 B aR Az ALRE ST, AR R BENE AR R IR0 b il th HERRHEE[13]

1.5, BESEREA T 50 M EER (Cross-Modal Prototype Query and Response Module)

FEPSAEAS R AL A W S5 AR b, AT AR AR Y S AH SR IR, DA il BE e ) 1] 25 %0
I L P A IR R R R AR RS (R 5 RN, R R A SN B — RS RR AR T, AT B SR A R vk

BEo X —THEAUE B T 22 MR 22 IR0, S RESRTHES S AT HAE J). 156, TA I HERHIE f, 5
JE AR R A R ) AR R AR, DA R e A TR DG
_ fo - PMk

[ follPM.]
Horpr, sim( fo, PM) R RUBURHIE f, 555 kK R PMc ZTAIORIUE, | 103 L2 v sk, 2T Ra%AEm
FERR 5y, FRATTEICHALRE S 0 RT M AN R, #4%%%/%?9@%0’)&210 N T BAS TR IR BN ] 7
IDTHk, FRATR A Softmax pREN IX LEARLLEE /S0 AT 0 — 14k, Az R B HIALE W,

Wi exp(Sim( fo, PM gy ))
= exp(Sim( fo, PM ))

Horr, WS | AN E B AE . Softmax AL ARIE T HTA BLE M RIA 1, AT 28 H oA 56 1
JRR, BEJS, FRATTERIE i JE Y N 45 iE B (Fully Connected, FC)JZ,  LUAE plEl & )5 1 SR 8 1) &

£, 0= FC ({PMmpi }:) 22)

Hrh, FCREBAERZERAE, 1, ARG E K JER R, e i N e i 2 ) 2 5 AR W, 54T
IBCRANTH AT 2]

sim( fo, PMx) (20)

(1)

M . )
fresponse= > W - £ 1) (23)

proto
i=1

FHL fgore SBRAHIRIFR, (0, 38 | NSRRI AR, B, . 5
IS, TE R IO A AT, MU s S U . IR W, MZDAS TR, %
B B AT MR AL B TR, TSI S M BRI A B J0, RO (R 32 R, 2 B AR

DOI: 10.12677/5a.2025.146145 33 G2 55 F


https://doi.org/10.12677/sa.2025.146145

S

HIZRBL -
16. BRERIRR

FE SR R, BRATTE Soks A A S ) B f e FTIRDEVRFAE o 6 R0 N T 1y PR B A it
ZHRZENS AR BR L, DATHSL AR R IR IR o FECRIUETH SRR AR, AT B4R 45 20 e i ) 500
RIEZE R, PR RIR S B R MA R LI URRY], X — BE AW o K0 IR %,
A2 R R . SRR R R B0E LR

1 N C
L= _WIZZI: kZZ;I:ylk Iogo_(vresponse. fQ ) + (1_ Yik ) log (1_ G(Vresponse' fQ)):| (24)
Hdt, vy =[Yin Yoo Vie | IRERER | INZFFEHINME, Vigonse + To SIS [ BE 15 i LR AE 1 I A,
Viesponse® To /9 Sigmoid AL, TR, FATTHEAE ML AR 2 A

~ eXp((Vresponse' fQ ))
) S o (o )]

Heh, P(a)) FORM J MEEE RIBER . R, WATRFEMER R R L 2 RN R . X
THEW IR 7 BRI R AR T oM R RO 2 58, RN I 5 RRBR B ARG A0 e 2, AT T S0 )
Pho FETREAMGE LSS, A% 8 AR L8 2K bR 30T W 78 22 Bl 1R 3k 7 ik 3 B 0 R RS 55 1
T 3 LA e AN SO RFAE M SCACRFAE 2 18] 52244 B 22 AR 35 5% R [14] o LA, A% G2 75 V5 MOBURS T O S 0 5%
FEW ROR WIHIIN RIA G, BAE IR RS A S BT AR SRR YE . 9 7l X e [, JRATTE
TR T 5 REE B 2 AR LU R o 12T AR TP 77 72 RE R R LS AR AR SURBIOR &2, DASE A T
Mol A 8] R R RFE R HLo X IEREAR G AR MIFEANT), 2K R M/ ME 5 IREE &, DAKg s
LR AR AP -

(25)

— > (Fi‘Fi)TS_l(Fi_Fj) (26)

pos
Npos(i,j)ePos

Heh, RAF REARRHERI R, S N TT /R . W T HAREARCEILEARBIIREAR), SIAERSE m
B PRFAE R B AT AL 5 R IX 3«

3 mm«&m—&%FJTK%F—FJ) @7)

Lneg = i
neg (i, j)eNeg

BRAATUR BRI OREAS IR 2R T -
Lcontrastive = Aoos + Aneg L (28)

pos —pos neg —neg

b, A, B A, PERUEGURK RO . FH b TR F 0L IR BR B 7, %07 VRS AT R e

R RS AL 2 () TP A ARSI A, AT oo TR AR AL 5 1P A 55 HRIZ AR RE T o 5 BRI B ) S N 5
RIRENE 7 2] B 5 PSR RIERIL, SO T REARLSE 17 BAF 55 P R R ISR ) RE[15]

2. XRERE R

AT, RATESE TZSL 1 GZSL WA BT | RGskdn, =R [ EAE F-VQA il ZS-F-
VQA #¥ia4E ERIVERERIL, LAATH Al AR TR AR 0 BT 55 G R S A 2. EE, it 5
AT ER TR LSRG, B0UE T BT MESRrE 2 A PPl fa b B Ae i . Hk, JFRIEMEELE, RE0T
ik 3% S B 2L A o B AR BE RIS, T SR AR R T B A A S B . B, S5 A SR SR T AL AT
N T R 7~ A 2R E 12 A e 0 R SORE 55 77 THT A 35

DOI: 10.12677/5a.2025.146145 34 G2 55 F


https://doi.org/10.12677/sa.2025.146145

SEEEn

21. EEBGRESH

W 1 SEREE RFR, BATHHESLTE 2 AN 3EET7 V(6236 HieQ + 1. MLP. Up-Down. SAN. Hie-Q+
| + Pre F1 BAN) B35S 7 B 0H . BRI S, RATMIEAE HIT@K 1845 LA Esma 75k, £
HIT@1 1A% 60.43%, HIT@3 127 81.69%, HIT@10 i#—SHET+ % 89.96%, 1X 3K HHFRA TR GEaE A &%
PHCA B X MERIR, PLASEIURS HE LS 1] BT 55 o

Table 1. Overall performance on the standard F-VQA dataset (TOP-500), reported as Hit@K percentages. T indicates that the
model employs a mapping-based configuration, where the answer prediction is performed by directly computing the similarity
between the fused feature representation and candidate answers, rather than using a traditional classifier layer (%)

F 1 LURE F-VQA B1BE(TOP-500) L AEE IR &E, KL HIt@K BRI . 1RRIZIRER AN E Tt
(mapping-based) WECE 5, AP ERMNFUNZBE EIFHEMESHERRSIREZT R Z BRHEMERTHE, A
EERERHN D XFRE(%)

Method HIT@1 HIT@3 HIT@10 MRR MR
Hie-Q+lI 33.70 50.00 64.08 - -
MLP 34.12 52.26 69.11 - -
Up-Down 34.81 50.13 64.08 - -
Up-Down T 4091 57.47 72.74 - -
SAN 41.69 58.17 72.69 - -
Hie-Q+I+Pre 43.14 59.92 71.34 - -
BAN 44.02 58.29 70.66 - -
BANT 45.95 63.36 78.12 - -
MLP? 47.55 66.76 81.55 - -

SANT 49.27 67.30 81.79 0.605 14.75

Ours 60.43 81.69 89.96 0.708 12.74

B, W3 2 PR, RATE ZS-F-VQA BHE4E M) GZSL (I~ X EFEAZE )M TZSL (tE R EHEA
SONWE N, BATRAE BT e e BIHUS R 0 5, R E HIT@K T MRR (T35 504 ) Fa b
AT R A BRI XSS R, AT TR AR AR 0 B AT 5 b B R Y2 LR
77, BEE AT ROHE I A I 2 ) ) HEEE T R

Table 2. Overall results on the ZS-F-VQA dataset under TZSL/GZSL settings
2 2. f£ TZSLIGZSL & ET ZS-F-VQA B (%) L i E ARSI R K

Method GZSL TZSL

HIT@l HIT@5 HIT@10 MRR MR HIT@l HIT@5 HIT@10 MRR MR

Up-Down T 0.00 2.67 16.48 - - 13.88 25.87 45.15 - -
BANT 0.22 4.18 18.55 - - 13.14 26.92 46.90 - -
MLPt 0.07 4.07 27.40 - - 18.14 37.85 59.88 - -
SANT 0.11 6.27 31.66 0.093  48.18 20.41 37.20 62.24 0.38 19.14
Ours 34.45 57.68 77.81 0.378  16.16 38.94 73.87 88.60 0.48 6.05
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7E ImNet-A F1 ImNet-O £ 45 _ERIPEALE— B I0AE T RATE R s KPERE. a0k 3 F3k 4 o, 18
ImNet-A ¥4 g, FRATEAE HIT@L A1 HIT@5 L2951k %] 7 66.93%F1 88.94%, fEHH HAER A
IERRE 2 (RS v R A B b . DA, 578 MRR (BB RI3E42) LA %) T 0.87, MR (FH4HE42) A 22.54,
ST HAEHE A OB R M sk, i — 20 B T B AR B A B R I 35 . 7E ImNet-O %4
PEEE b, LM REA 5 FRE T B, HIT@1 3£ %) 53.21%, J£7E HIT@3 Al HIT@10 4EfF E R FFfa e 7).

Table 3. Overall results on ImNet-A dataset (%)
7 3. ImNet-A B#EEE L AYEER (%) LI LER T

Method HIT@1 HIT@3 HIT@10 MRR MR
DGP 45.30 56.20 70.50 0.64 36.97
KG-GAN 51.47 59.52 71.20 0.52 29.98
Ours 66.93 75.82 88.94 0.87 22.54

Table 4. Overall results on ImNet-O dataset (%)
= 4. ImNet-O B#EEE L AYEE R (%) LI LERF

Method HIT@1 HIT@3 HIT@10 MRR MR

DGP 4150 52.30 66.20 0.59 47.93

KG-GAN 44.92 57.13 68.50 0.48 33.56

Ours 53.21 68.90 82.05 071 29.55
XS IO SE R, AT AR A R 2 2 STHE AN 3 1 1 [REE S AL M T EETEERREAR VQA {155+
FOREE, T SRR A LRI SCAELAS, FRATT AR AL e 8 75 R W s b SEIL = B0z Ak, R 2 ZE TR0 )

BRI MURS B HE 44 75 TR SL T HTARAT -
2.2. HEAH3E

FETHRLSE T, FRATLERARRMESAE B2k, TPAL 1 AR AR B AR RER TTik. U1 5 o,
H] OpenCLIP ##ibr HERFAESE I &5 B 25 38 vy 1 BB AN SO HRFAE SR BURE /7, T 24 2Bk OpenCLIP I,
HIT@1 FF%E 44.76%. Jt4h, RRREXIEFH HIT@L0 SR T 4% 68.33%, K UII% I VALEH BRI A X
DRI EA RN . FIRE, BRI T 5 KRERE R R AU/ HIT@L P2 44.24%, HIT@10 f&&
70.99%, SR [iZAURAEZ A EAR NI I E TN &2, ATA RO LR, HIT@L T2
21.04%, XM TEREHIS S REURA S ZURAE SR B U IV E IR TR VOA AR S5 B S B
Table 5. Ablation results (%) evaluating the impact of different answer embedding methods on model performance on the

standard F-VQA dataset (TOP-500)
F# 5. TEBERBAFRAIIRE F-VQA H#ESR(TOP-500)_ EAR B M BETHRLIT SR (%) SR EE R &

Method HIT@1 HIT@3 HIT@10
Ours (w/o OPENCLIP) 44.76 46.09 60.80
Ours (w/o MAHA) 44.24 66.74 70.99
Ours (w/o clustering) 40.82 55.78 68.33
Ours (w/o all) 21.04 27.82 30.67
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Figure 2. Cross-modal feature clustering and prototype representation
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Impact of Support Entity and Relation across HIT@K metrics
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Figure 3. Impact of support entity and relation across HIT@K metrics
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Figure 4. Impact of Mahalanobis distance on model performance across HIT@K metrics
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