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Abstract

The VQA in the medical domain aims to predict answers to clinical questions related to medical im-
ages. While existing medical VQA systems have made rapid progress, accurate identification of the
surgical site’s location is crucial in clinical surgical procedures. Therefore, introducing Visual Ques-
tion Localized-Answering (VQLA) in clinical surgery can better assist healthcare professionals in
addressing issues involving precise location operations. However, existing VQLA methods only use
simple attention mechanisms to fuse different modality features, lacking sufficient interaction be-
tween individual or different modality features, resulting in inadequate localization of answer re-
gions and understanding of questions. To address this issue, we designed a Visual Localization and
Text-Visual Interaction (VLTVI) Attention aimed at more comprehensive modeling of visual modal-
ity features from channel and spatial dimensions to accurately locate answer regions. Additionally,
hierarchical text-visual interaction attention is designed to deepen the model’s understanding of
questions and strengthen reasoning of answers. To validate our VLTVI, extensive experiments were
conducted on two public VQLA datasets based on surgical videos from MICCAI EndoVis-17 and 18,
achieving a new state-of-the-art performance. Furthermore, comprehensive ablation studies and
visualizations are provided to validate the essential attention modules of our method.
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Figure 1. Overview of the model architecture
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Figure 2. Architecture of the spatial attention module
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Figure 3. Architecture of the channel attention module
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Figure 4. Architecture of the hierarchical visual-text interaction attention module
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Table 1. Comparison and analysis of results with State-of-the-Art models

F 1. SRAHEERNERLIS T

EndoVis-18-VQLA EndoVis-17-VQLA

Method
ACC F-Score mloU ACC F-Score mloU
VisualBERT [2] 0.6268 0.3329 0.7391 0.4005 0.3381 0.7073
VisualBERT R [3] 0.6301 0.3390 0.7352 0.4190 0.3370 0.7173
MCAN [4] 0.6825 0.3338 0.7526 0.4137 0.2932 0.7029
VQA-DeiT [5] 0.6104 0.3156 0.7341 0.3797 0.2858 0.6909
MUTAN [6] 0.6283 0.3395 0.7639 0.4242 0.3482 0.7218
MFH [7] 0.6283 0.3254 0.7592 0.4103 0.3500 0.7216
BlockTucker [8] 0.6201 0.3286 0.7653 0.4221 0.3515 0.7288
GVLE-LVIT [9] 0.6367 0.3454 0.7624 0.4470 0.4130 0.7125
Ours 0.6815 0.4332 0.7698 0.5275 0.5038 0.7382
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0.6367 $2&T+ % 0.6533, F-Score M 0.3454 $2T1% 0.4194, 1fij EndoVis-17-VQLA #t#5 81 ACC A 0.4470
FE 0.4746. M, FOME R E R JI(Sell) BIEVER J1(CA)BU E LG - AR B = JI(HA)Y)
Re RA IR E M VERESE T IXSRH, 751818 4 P RN 2 [R) 4 BE AT S A5E . AR MO OC FR Bl B i Y
PHUE XAE R, HRNPERR AR R) TR o A G =R O, B ) M e e R T
BOMAE R R R B B, P DURE R IPUHIB S AT I, BB AE S El 4R IS T R
PRas R o o DU RR v B AL R EL M B A SRR 22 0 B I s S e . IR, el
JI(SA)REE A AR H O XI, BVE R I(SelD) A B T B0 B T SCHOSioC &R, I = JI(CA) AL TR AIE
FEHLRE J1, oY IERLSE - SUARAE BIE R J(HA) WG58 7 B HaS(E B S . WE M EIER, 43 VLTVI
T EAE = 2 B 43 1 R i) 25 55 v Fee L L B S D32 A0 R R B R o %) 0 25 2R

DOI: 10.12677/airr.2025.144085 902 PNER ST IR YN


https://doi.org/10.12677/airr.2025.144085

X

Table 2. Effectiveness of different attention mechanisms. SA represents spatial attention, Self represents self-attention, CA
represents channel-wise attention, and HA represents hierarchical visual-text interaction attention

=2 BEABNNBR, SAKRKRZEIES, Slf RREBEES, CARFRBETIES, HA RRFTBEMRE - XKL
EXEhH

EndoVis-18-VQLA EndoVis-17-VQLA
SA Self CA HA

ACC F-Score mloU ACC F-Score mloU
0.6367 0.3454 0.7624 0.4470 0.4130 0.7125
v 0.6533 0.4194 0.7650 0.4746 0.4118 0.7213
v 0.6504 0.4187 0.7647 0.4788 0.4251 0.7307
v 0.6407 0.4099 0.7653 0.4852 0.4188 0.7222
v 0.6515 0.3964 0.7631 0.4725 0.4203 0.7300
v v 0.6627 0.4138 0.7695 0.4936 0.4403 0.7304
v v 0.6700 0.4262 0.7658 0.5085 0.4520 0.7278
v v 0.6696 0.4199 0.7655 0.4958 0.4305 0.7226
v 0.6609 0.4319 0.7660 0.4979 0.4312 0.7274
N v 0.6815 0.4332 0.7698 0.5275 0.5038 0.7382

(2) SPIERLSE - SUARSE B 72 7 AN [F) )2 R AE 1) RO

TEFRAEE H 43 JZ SCA - M%7 B I (Hierarchical Text-Visual Attention) MLl 4, SCASFIRL 5 REAE 4% 43
AR ZEIR——GCZ R B Z YO W RZ K . BN 2 R R AEAE B A HE BT &5 R 2 7 A [H 1)
EH, HENRZ BN TR AR R E . N 7 — P IRHE Z R SO - Wl 28 Bk s v
BFACHAFZ OCRAE B2, BRATEM AN B LT TA R Z R B S5 . % 3 BoR T
R SR ah R, SRR, ERLZ TR R, B8 EndoVis-17-VQLA (¥ 4E (1) ACC F
F-Score A T#eft, (HEAEEARR, M EndoVis-18-VQLA H#E4E L1 mloU H & HIEM T, XK
B, AR IR R AR R A5 T SUAS R DA B FH S AL R B A HE R B 7, mTRe 2 R 9 ialiC o BAS
BRLEERUC, TERDRIEEZNEAES TR RE X

Table 3. Effectiveness of different feature levels in hierarchical visual-text interaction attention

3. PENR-XAXREEENHARRRFHERNHR

EndoVis-18-VQLA EndoVis-17-VQLA

Word-level  Phrase-level Question-level
ACC F-Score mloU ACC F-Score mloU

0.6367 0.3454 0.7624 0.4470 0.4130 0.7125
0.6392 0.3805 0.7623 0.4597 0.4131 0.7131
0.6497 0.3831 0.7626 0.4682 0.4153 0.7188
v v 0.6515 0.3964 0.7631 0.4725 0.4203 0.7300

At NEE RIS BN, AT PrA S5 br A BOVRRE 3T XU R JURAE 5
AN BEMSRHE T 5 MR BEE 2, R ) @ B S N AE i . i, BRI ER E RN, A
MIPERER ) T HeEACr . SRIRERFE AL 170 R SOR - M Bk A A 2tk I8 IZ R I A
SR IRIISCAAE S, AR AR b P AT 4% 2 27 19 54T 55 IS RE W A5 SR 2 UK I T S Ak AT SR VA PO L
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W 7E L RE T o

(3) A& TR AR

N T IRAEAE JZ IR SCA - R HIE B2 IG, AR B =AANEZ IR AL A SRR 0 2,
PAVEW A B LI 7 2R & 7% . &4 R T & AMRETERTENE R, Hrh “None” #RA
RLFAEAT AR Rl 75, AR ARFEXT FEHLH] . 25 R BoR, fERME BN G LRI,
BRI ACC F-Score Fll mloU 3440 T AR /KF-, 3% 22 W a7 SR RFAE 58 BAS /& LA TS 43 5% 5 R B RSS2
BE, LA SRR A 4 R

ERTFHFEB MBS 5T, REAZMER /1 (Linear Attention) 1 /7 1EAHEL T “None” ik — &%
FE R T, i B S 3R A IR RE % 16 5 5 AR S R AE T SR I ROR . AR, 5 R J1(Self-Attention) /5 1%
FHEE, SePEvE = /ISR TR BN o IX AT BE A PR D RV 5 ) 07 125 o AU 2 sy 30 AR o AR AR AR A2
T TGV 78 77 AR S AL A R AE 2 [A] RKARHOBI G R o AHELZ TR, SR A B 2 DAL ) Rk & D7 V046 I > 25080
£ EIPTA Fbr ) B E T HAh )7, ACC. F-Score Al mloU ¥ik#| T HefE/KTF. XK, HEZE A
AN BE 8 B A T 55 A [F] 2 IR ) SCAR TR REAE, 3B Re % i AU (A () 42 SR (8 B AC B, (HAS B AI7E
= AL () AT 55 v B B R 58 A7 B I3 BUHR T, B8 S A Hh 220 i SCARFIRL S 2 [RI R K R, 21
TR 1y [l A T S o

XL AR, PSR RRFERLE I RO ORI T BT R FH IR & T . BETER IR G, Fele
BV R IHUE], GRS SE A i SRS 2 A AR OC 2R, (A5 AL AR 7 2 L3S SR S5 rh S oy
RIS A RN TR A M 2

Table 4. Effectiveness of different fusion methods

4. TRIAME AR

EndoVis-18-VQLA EndoVis-17-VQLA
Combination Method
ACC F-Score mloU ACC F-Score mloU
None 0.6540 0.4175 0.7612 0.5042 0.4237 0.7209
Linear Attention 0.6584 0.4277 0.7634 0.5106 0.4303 0.7226
Self Attention 0.6815 0.4332 0.7698 0.5275 0.5038 0.7382
4, B4

ARFGEH T —F %08 VLTVI K759k, LI T ERFEIEE A B (VQLAESS, %4155 B EIRYE LR
S FMGAM SCIR A I PR R, T 25 58 e AR R P AL B . AT IR SIN T 2 R B 9 B b,
5 I SR AR S N R A 1R (S L, 3t 2D SR TR R A W8 (S AN SCAS ) R SCER AT THI I RE T - E
AT S KB RE T, BATBAT KR B EAZHESEEN L SMEG, THEAELHE K
ORI P e FEUS - R 8 I AR P AR AE A 2], G s AR Rl 5 2 R {5 R RN RE 7o X — SRR (45
VLTVI R AEST, RE SR i LA i R TR B R SRR, BATHRIEE— 1R T
REHERRE ), IR 2B VQLA AL 553 B b IR A VR .

SE
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