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End-to-end Image Captioning via Visual Region Aggregation and Dual-level Collaboration

SONG Jing-Kuan, ZENG Peng-Peng, GU Jia-Yang, ZHU Jin-Kuan, GAO Lian-Li
(School of Computer Science and Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract: In recent years, Transformer-based pre-trained models have demonstrated powerful capabilities of modality representation, which
leads to a shift towards a fully end-to-end paradigm for multimodal downstream tasks, such as image captioning tasks, and enables better
performance and faster inference speed of models. However, the grid visual features extracted with such pre-trained models lack regional
visual information, which results in inaccurate descriptions of the object content. Thus, the applicability of pre-trained models in image
captioning remains largely unexplored. Therefore, this study proposes a novel end-to-end image captioning method based on visual region
aggregation and dual-level collaboration (VRADC). Specifically, to learn regional visual information, this study designs a visual region
aggregation module that aggregates grid features with similar semantics to obtain a compact visual region representation. Next, the dual-level
collaboration module uses the cross-attention mechanism to learn more representative semantic information from the two visual features,
which guides the model to generate more fine-grained image captions. The experimental results on the MSCOCO dataset and Flickr30k

dataset show that the proposed VRADC-based method can significantly improve the quality of image captioning and achieves state-of-the-
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art performance.
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S", 4 MHA BT IO Sk i HH e e — i Rl o AR 2 M )2 49 81— MEAE P

{1*=SW%h=L2 ..... H

S = Similarity(Qg,Kg) = Softmax( 3)

“

Hodr, 7 oy 7ol fEcR. &5, i Layer Normalization #% UH—4k, FFA8 N2 — N R MR AFAE, DL 28— 5 X 8
AHIC I RS AE G
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2158 HAFFIR 2023 FF 34 5% 5 A

G=G+ LayerNorm (ﬁ) 5)
W HER L 221 MHA B, v LASRAG— N TR 4IRS AR AE . BT 385 — A MHA SR 1% H 1 b iR 4
(AL D8 SURFAE 7.
FUUEE SURFAE K 5 A\ B Transformer (RIS % H 2B B & A H6IA 12
Y = TransformerDecoder (V) 6)
2.4 1RB)IZK
T VNGRASC T 1 (AR, 5 S0 PR S ) U, SR P B P VN S 1) MBS 2 ST B, A FH A SR 4%
IR 20 2B BB R 2 2% B 22 ) R 22 5 2) s B B, A8 )4 51 CIDEr SR b4 A st Ah 7 >J 5 ik A
BRI A SO,
HARRUE, 7255 1 BB, M 4 € BRI S Rk i) 1 v = {yT’YZ ..... y*T}, MR RY R AZ SRR

T
Ler == > log(ruibi, ) v
=1
b, 0 OSBRI ZH SRS, KT B BRI 2, AR TR 2 T I IR 2 B SR AEAR R B B AT 2 i AR B

L], — EURERAE i N T 20 2B e 1 B ANHERA, 2% 3 80R 22 R, T T BB A ) SR HER AN . B4k, —
B B IRt 2R S VRO AR AN AR DG, RIVBERL G I ZR AN I H AR AN — 2L

Ay fife g L3 W, FESE 2 BB, R SCSTU i JEAR, KAk ] S| A BIBALYI Z5id Rl % CIDEr 4451
AT AL, H RS B K PR ik 17 4 il 39 4.

L = _Eyl:’l'NPU [r(ylzT)] ®
Fof, () AR AR yr 1) CIDEr-D B4 S0k 52519 77 P U TR VoL
1< . .
VoLg =~ % Z ((”()’11:7) - b)) Volog pe (yll:T)
i=1 )

Horh, k FoRREERI PP SRR, ¥ FORH i ASRAEAS BIRIR P41, b SRR iiad A () 5 51453 21 -1 22 i . i
SR ST ISR, RE FLE RS AL, DA RlIA 0 A Bz, J8E G 17 U — A2 IR R 0y A AR 7T RE A N SRS B I 55 I il

3 X W

H T FRAWAE T 1 VRADC J7 iR 2%k, A SC7E MSCOCOM AN Flickr30k™ PN A TT ¥t 4 E TR T K
TR, I B RN T THT T S50 45 517, 3545 VRADC 55 H §7 F2 0 BSR4 T 0] T SE 5. A
TSN AR H . VRN RRIE LA SN, JLUO S 5 AT TEAR A 4 5 o
3.1 BUREFIFEMNIRE
3.1 HdEsE

L ER 5 %—HE, ASCE MSCOCO il Flickr30k #5834 b3 EAT 5200 SR VP AG T 3 H RS IR (04 25 vk

MSCOCO HUH5 45 2 1 iy PG A A A AT 25 vl 1) KRB 0 SO 4, 3L 164 062 5K A AEZR I it Tlie
EMEMR. A T IS LI ZGANAER, R 123 287 IREHR A FFRHE T ABbriE 1) /8, kBG4 5
UL IR . AR SCR A Karpathy %5 A B4R 4 5 28, K MSCOCO $di %l o3 M I gt Btk S/l
A, HrPRAMEAIEMGEE 25108 113 287, 5000 Fil 5000 ik. Btz #h, MSCOCO B4 T 7L M1 4,
140 775 M BRI N FSARiAE IR ) FRIA AT A TR, F Tk 5 A A (1 1k R

Flickr30k #4842 /& M\ Flickr Pk FW4E 31 783 kG, B #E T 20 AKED) . ARG R Z M5
SN2, T HLAFIR I # 4 B4 AR 5 AN SRR I A ARUCHEC. S T 2, ASCR A Young %5 A M7
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5 A TR KRB AL G AR 69 3% 3 5% B AR 464 4 %, 2159

FHRAL IR 75 38, %5 28 783 BRI FFIIZE, 1000 K & F A F-3AELL A 1000 5K B A F Tt
3.1.2 VMR

N T AV, ARSCRAT 5 Fe BRI IRAT 55 b 2 A3 (0 VPN b SR A e A28 T A4 J it B 1) A, B
BLEU@N™', METEOR"”., ROUGE-LP". CIDE:"" fil SPICE®. :rf, BLEU@N % HI T A LA 25 el i1
TR, g LW 2 5 JiR 5 28 A R 2 1) 1) n-gram S5 A RERE, A FEROMm, WA V54 A A, METEOR
& BLEU HIBGIHERR, 2715 unigram SO A IR FERG 2R, F DAEAS AU FIRAO R0 1) SCIA] S . TR 2R RIRE
NEEVUEL K R ; ROUGE-L & H F VAL SCA B 1 i, ) )7 2 18] 1R et A 387 B ORI ST HE B 3 R [T 36
CIDEr X 7] F Z [ ({454 n-gram $447 TF-IDF J0AL, H 0T 5 E 11 TF-IDF AU il &2 [0 R 9Z AT, KRS
ZEREIR TN A A IR 2 A — S0, PP G I — S f 32 F B SPICE J& — Rk 137 St B S5 0 103 S BT a,
W S HRB A AR A A F 3508, 3 L o F 2 M %, Bk R e T2 MR, T 7 (#ik
., BLEU@N. METEOR. ROUGE-L. CIDEr. SPICE ZESEHEME P E M BN. My R, C. S, Hf N LA
UL 24 3. 4 ASCHTHR I ARESEL C T & A6 7E: https:/github.com/jkdxg/VRADC.

32 XWRE

XA IE RN, A SS90 48 ) Swin Transformer /5 b Zifith #5 K11 42, H T2 A5 3R K/ IN RS IRDRS FE A AR
[ LS, A SCAERTRAE_F k3% T Swin-B A1 Swin-L, B R IEL 76 5 2 Ji% Lk T 224x224 F1 384x384
FICE . Swin Transformer % H (A SEAF AEKF 25 WS 21 512 2. b TR TE Y, 1 %6, A SO A 1) 7l 407 T
FMERAR 2SR5, R Hle— B, ARG K S AR 3o NS T BE, B fa i IR EUD T 5 IR IK SRR, B
AR3) 10 201 ANy B & B . XA DM VE R RIE T+ Transformer A48 FUAFIE 4k #T S 512, B)24 8
AN ARk, EBON AR AR R R 2 048, XUl BRI 23 1 2 500 ik 5 A0 3.

SR ZR, {f H Adam Ak 35347 S 50K, 43 b MBS 2 ST RIS AL 24 ST A B B 70 B 2 ST B B, AR SC
T B AR /NRIE AR JEIH 23 002 50 1 20. Xof A5 288 W5 AR AE S H (1 ) 48 40N A6 43 2 H0 o0 5ol v B AT R 2 )
N 4x107° Fl4x 107, A4l 10 5IEARRLG, 220 A 3 538 — Ik, FEIE N 0.8, fESRIL 2 S B, BB Bt
HOR/NREAR A 500 9 10 A1 30, [ 5@ A7 (1 2% 2] 3 25107, FERFER N ZREs A, AER0AFSE AT PP A 1
PEfie, BB AR I ESE T AT S5 CIDEr B H T30, 26 00ABA B, B 48 1] Beam Search J7 ik ™ 14T 4
R B, Beam size K/NEE N 5.

33 LWEREENH
3.3.1 HERERZEAILLEL

AR ST AZ O BT 5 TN DX SR SRR 1) P 2 20 SR A3 3018 SCHEIN =5 (M AL 45 8 O AR i i == 1)
PG IR, AEAT T, 4 T 78 40 (006 bS50 SRAIE W A SC O 922 (004 R, 26 B 5T BA R LA 1) L.

© RQI: {EAGEIX SR A AR, AN ) [ SR KB 2 15 S 3 e S50 45 T2

© RQ2: 7EXU ] WA EAR R ey, A ] 23 B A8 SR TR0 A 4 S i S0 45 L2

© RQ3: SR AN [l IR A AE B2 I 2 45 45 S i) S 56 45 TR

© RQ4: {EX ) B EARH b, SR AN )i i ) 77 2O 15 4 3 M S 56 45 L2

© RQS: SR FH 5 A i 21 ity (19 V1| 5 SR W2 75 4 RO M 52 06 45 L0

RQU: ERLGE X I IRE A AT, AN 3] 1 2R 2 B e 117 2 5 T 5 6 45 1L 2

T B AFIX A 1)) 4 R, %S0 1 B AN R RSO IR (N=5, 7, 9, 11, 13), H XU R e Hep 1 2
ol 3, MUSERFHESRIES S Swin-B, EUZ K N Jy 224x224, 5286 45 LI 3.

TERE, Tt ARG DX R A U ) T SR A A AR LI X345 B AL 3 AT LU Hh, R
9 Ik RE R IR L. AR EE R, T AR s T EUBIIY ME AR B ARk W DX 3, T SE IR (R vk R AH R,
I R HR KD, R 2 598 OIS B SRR 78, SR R, Bk, 13— G IS S HON B EAS
ARG RANTE B, IR 2 M BEAERE 9 1 N BRI

© A
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https://github.com/jkdxg/VRADC
https://github.com/jkdxg/VRADC

2160 WA IR 2023 5 34 £ F 5
134.0
39.50 |
39.25 | 1335}
# —
2 39.00 | 2
= O 1330}
3875
38.50 1325 b
5 7 9 11 13 5 7 9 11 13
N

N
B3 UL DI SR A B AN ) SR rh o (R 52 )

RQ2: AEX i) WML b, AN [l S B A2 S T A 17 2 S S 45 R 2

N T RIS ) B, AEORFRER A0 9 BT T, S R HIAS [ A S R HORBRAE (L=1, 3, 5,7, 9),
[ B R FH L S R AR SR B S Swin-B, G K/N Ky 224%224, S T 5877 fEHBREAT SERGIE I, S206 45 B LIS 4. K
AT LIOBLEE R, AN [ 2 HOR R RE PR 52 0 LS /N, ORI JZ 8t 2 5INBE 22 1 240, ik, ) BB ER 1 )22
Bl ZIEHEN 5.

39.50
1342 |
3925 |
134.0
+39.00 .
. o
% 8 1338
23875 | S I
133.6
3850 | -
1334 |
825 , , , . . . . . .
1 3 5 7 9 1 3 5 7 9
L L

B4 s DR B b AN A8 ST )2 B 52 )

RQ3: K ARG AE SR B2 75 23 5 M) S0 45 L2

T AF S — ), %555 R M T Swin Transformer A58 28 F A [\ TR 2515 B R ATRA A0 00 D4 AE I A, 5 22
BPA 5T : TG R (Swin-B Al Swin-L) FUHA B IK 73 B4 (224x224 Fl 384x384), St 4 RNk 1
FiR, BT SR RR A AT 45 I PERES, 38 1CFH T TN SR8 AR IS 43 25 B IRUER T BRI HER % (Acc@!
Fl Acc@5) K S ¥ e (Params).

K1 AFERBERFAE RIS 1 5200
N BG5BT 55 IS
BUSERALIRI B — B4 M R C Acc@l (%) Acc@s (%) Params (M)
Swin-B 224024 8102 3904 2906 5855 1341 852 975 88
Swin-B 384384 8275 4130 3028 5982 1415 86.4 98.0 88
Swin-L 243224 8248 4064 2973 5943 1395 86.3 97.9 197
Swin-L 384384 83.09 4133 3056 6034 1433 87.3 98.2 197

AT AT B HY BUR JULANEEE. (1) TN R ML REXS T AT Hh K 7 ik 28 R F ), 44 H) Swin-L
VDG MBS M S A, 2R e i R BN A 5 P BB R T, A T2 ) i DR IR BE K (B PR A R 2 AT 55

G
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0 TG KRR A L A YA 69 3% B 58 B S 14 4 AR, 2161

R, BB MBESRIER ). (2) R TN BB, 7T BUR IUAEAR R TR R &% 1 |, B #E
M 224x224 $E )N 384384, AT LA ok FK I RESE T, W1 Swin-B M 134.1 CIDEr {3 141.5 CIDEr f. Swin-L
M 139.5 CIDEr {E £ 143.3 CIDEr fH.

RQ4. £ER | P EREER A, R AN RN 7 30U A5 25 e S 45 512

T AERAE VRADC A R B 377 77 sUFE R B E RS HA RevE, X Wb EEAT T T Rl SE 3, Wik 2 s,
A PR T 2 FRAT A R WU AN A G R L, LA HAT R R LR FEHE U R e A AN 2 50 380 1) X R
TE— 5N B B R AR B AR PR RRRAIE, 10 AR SC R FH (028 S B g WL e — PIRRAE fl N 31 55— e
TEAS A AFNEMIBRAE, A3 PR T 200 1) A8 SO (XR): K IR R AR fl A 380 25 >0 30 0 X SR AE o 75 3 e AT A0 R
PRI DERFAE; F1 2) A8 SCARTR (0A%): K 30 380 1) DX IURR A il 6 381) ) A6 e iE o 4 381 B A RSB ME ORI R E . A
F 2 AL Y, 28 O (W) 1907 AR LG T3 Al 5 307 CIDEr 48 s LIRS T e, BRIk, A ST 28 (A
RURFHAS R (M) 177 5K

RQS5: SR FH 56 4 i 21 i 11 1| 25 WS 2 75 4 R T SIE 30 45 2

AL GO T AL SE AR FE T Transformer ZE 44 (103 20 I 2R 56 15 B 1 BUR RER AL AT 55 A T 50AE %0
AR TN BT RS2 i 3 T [ E Swin Transformer FIZEOIC YN G HE HH HORERY Szt &k B 3 B
AN, NER 3 TR LU H, it 20 4 U1 5 SR AH LU Tl o 2 (R DI 2R S B T B b, SoAhdadn B394 iR, 4
W ELE CIDEr 35451, M 130.3 $2TF 31 134.1, 2 B4 T st 39 3 1 )11 25 S 088 10 Rk

K2 AR 3 it ) Y1 R SR ) 5 I
FEROT Bl B4 M R C Y Bl B4 M R C
HATHE 81.33  39.00 29.18 58.66 133.9 e BTN LS50 81.19 38.46 28.38 57.81 130.3
RN R 81.07 3853 28.83 58.19 1319 Ui OIS ) 81.02 39.04 29.16 58.55 134.1
TXFEE(HAE)  81.02 39.04 29.16 5855 134.1 U BB CRINBETNLESE) 64.7 21.89 20.24 46.19 65.9

KRtz Ab, 38 3 36 ST L8t 2 v 0 2R SE T, Dn gk I 2Rt B AR 28 S 40T e 28 S 4 e B LR 3
Ji R A I 056 VI 4545 ) Swin Transformer #£ KA ImageNet 5 £t A i BEAT R PRI 25, M ITTIZAL 045 1E ¢
B3R ARG 1 UG SR AE BE 0. AR, 25 R N TR RIS 80, MR GR I 2RSS, T S8 K 30
R, SRR AR A, T T 350 AT T P e R I 22
3.3.2 £ MSCOCO ##infk ErtEREbLER

FEARSZEG R, AR SCE TP I 57 VRADC 5 £ IALE MSCOCO $di 4 AT Ll A R G UE J7 VR 1078 2
T HCB ) TR AR R ET LA A2 3 28 55 1 0 P BORE R, 22 A ASE 10 SR T 8 28 () A0 i 4 TIE I A5 20 5 2 Rl R,
A5 Adaptive™. SCST™!, Up-down'". VRCDAP, GCN-LSTM", AoANet®”. M? Transformer®”. GETP,
X-Transformer™, DRT®®, RSTNet’). DLCT!" . &5 2 2 BUAAY, %A 40 A Jr o PR, TR AR AR A1
PEHUA R IR 2E B AL 2, G045 4T VITCAP! | Pure TV 58 3 2 Wit 5 1 5 TV 2B 20, 12228 B0 A FH KRS
BB ke 2 =138 P B 2 WS A, (035 Oscar™ . VinVLPL SimVLMI . A SC 48 VRADC J& T4 2 2%,
RI—Pr B, Oy 75 RIR 50T 01 L, AR SCAE WA B R EAT S0 56F L, A4 2 2R s DL A 7E 2 .

1) BRI R, 2 4 R T A7 ER B 7 ke BRI BN 1045 SR LA, R A R LB (¥ L
AR DR AT LR BILAT LA 28—, SPB BU R B, — M BB AL AT Sl T SEAR K P e, el & A8 3L
f{)777% VRADC. 55 RSTNet (ResNeXt152) HlLtt, VRADC (Swin-L 384) 7 CIDEr f6bs 2R 7 7.7 M B, 5
— M BRI AR LY, AT 7 VRADC 5T VEAR T b 7 T AT 56 T HARSYE; 3 =, S8R 22 B s
MRS 5 T8 5 TR SRR B L, ARSCI a1 R kR, 5 SimVLM 4Lk, VRADC 7& CIDEr [
T 0.8 A mi. BWSRYL, FRSEIGE R BoR T AR VLR ).

2) TR LU, A T HE— B IGAE VR A 0, AR SO AR H 0 iR AR A B 7Rl IR 25 28 5 F
FAT LA 5 A B2 0L, AR SCFHAHRI IS 50015 T 4 A~ VRADC B8, SR ¥ 4 AMEEL B A i) i ik
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AR 2023 55 34 AF S

B RAE R A R AR (R ) 1 A SO T P ANAC B Swin-B 224 F1 Swin-L 384, SZIR &5 LK 5. 5 5T Hoflh
JidiAH L, VRADC KH Swin-L 384 [ & (W B 7 TG fabm EAP SR R BEF S 1 R VE BB, 45 50 /2, 7 CIDEr 1) ¢5 Al
c40 k5 I, VRADC (Swin-L 384) Lt PureT (Swin-L 384) i 4.6 A1 5.1 4~ 55 ik, A SCR A Swin-B 224 it & )
BRI ERAR T 5 K2 8w ik nT E i P g

x4 BLNRIAEE N, VRADC 5 HAL Bk fe b i
il T A AEHEEL Bl B4 M R c S
Adaptive ResNet101 74.2 33.2 26.6 - 108.5 -
SCST ResNet101 - 34.2 26.7 55.7 114.0 -
Up-dowm F-RCNN101 79.8 36.3 27.7 56.9 120.1 21.4
VRCDA F-RCNN101 80.6 37.9 28.4 58.2 123.7 21.8
GCN-LSTM F-RCNN101 80.9 38.3 28.6 58.5 128.7 22.1
AoANet F-RCNN101 80.2 38.9 29.2 58.8 129.8 22.4
B B AR 2R M? Transformer F-RCNN101 80.8 39.1 29.2 58.6 131.2 22.6
GET F-RCNN101 81.5 39.5 293 58.9 131.6 22.8
X-Transformer F-RCNN101 80.9 39.7 29.5 59.1 132.8 23.4
DRT F-RCNN101 81.7 40.4 29.5 59.3 133.2 23.3
RSTNet ResNext101 81.1 39.3 29.4 58.8 133.3 23.0
DLCT ResNext101 81.4 39.8 29.4 59.1 133.8 23.0
RSTNet ResNext152 81.8 40.1 29.8 59.5 135.6 23.3
VITCAP ViT-B 384 - 40.3 29.4 59.5 133.6 23.3
PURET Swin-L 384 82.1 40.9 30.2 60.1 1382 242
— B Bk VRADC (A3X) Swin-B 224 81.0 39.0 29.2 58.5 134.1 23.0
VRADC (A30) ViT-B 384 81.5 39.7 29.6 59.0 135.3 23.3
VRADC (430) Swin-L 384 83.09 41.3 30.6 60.3 143.3 243
OSCAR ResNeXt152 — 41.7 30.6 - 140.0 245
UL 5518 P ZRasi A VINVL ResNeXt152 - 41.0 31.1 - 140.9 252
SIMVLM ViT-L — 403 33.4 - 142.6 24.7

x5 ELINAIAEE N, VRADC 5 H A w2k Efe Lt

. Bl B2 B3 B4 R

Irik c5 c40 c5 c40 c5 c40 c5 c40 c5 c40 C3) c40 c5 c40
SCST 78.1 937 619 860 470 759 352 645 270 355 563 707 1147 1167
Up-down 802 952 641 888 491 794 369 685 276 367 571 724 1179 1205
GCN-LSTM 80.8 952 655 893 508 803 387 69.7 285 37.6 585 734 1253 1265
AoANet 81.0 950 658 89.6 514 813 394 712 291 385 589 745 1269 129.6
M’ Transformer 81.6 960 664 908 51.8 827 397 72.8 294 39.0 592 748 1293 132.1
GET 81.6 96.1 665 909 519 828 397 729 294 388 59.1 744 1303 1325
X-Transformer 813 954 663 900 519 81.7 399 71.8 295 39.0 593 749 1293 1314
DRT 827 965 677 915 531 834 409 736 296 39.0 59.8 750 1322 1339
RSTNet (ResNeXt101) 81.7 962 66.5 90.0 51.8 827 397 725 293 387 592 742 130.1 1324
RSTNet (ResNeXt152) 82.1 964 67.0 913 522 830 400 73.1 296 39.1 595 746 1319 134.0
DLCT (ResNeXt101)  82.0 962 669 910 523 830 402 732 295 391 594 748 131.0 1334
DLCT (ResNeXt152) 824 96.6 674 917 528 838 40.6 740 298 39.6 598 753 1334 1354
PureT (Swin-L 384) 828 965 68.1 91.8 53.6 839 414 741 30.1 399 604 759 1360 1383
VinVL* 819 969 669 924 526 847 404 749 306 40.8 604 76.8 1347 1387
VRADC (Swin-B224) 819 96.1 665 90.7 51.7 821 394 71.8 29.0 383 587 734 1304 1327
VRADC (Swin-L 384) 83.6 97.5 689 933 543 857 420 762 307 406 60.6 763 140.6 143.4
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KT 5 AT KRB AL b Ak 69 3% B 55 B 1848 14 A R, 2163

(}3‘*‘}

3) BRI S HoR . TR R LR P R ARG B 1) B R 7 B A 1 IR SR DA S, ASSCIE TT e T
TH5E (FLOPS). HERLM R DL 240 (1 B A ST VRADC 55 VITCAP ))& T B B, # /e Bk
M5 BB A it 25 BB RA (1 £ 7, T OSCAR. RSTNet. DLCT J& T M BLIKI 7772, A5 4005 5 A 4 ORISR
TAFRI. Ay T 2~ LEAR, PIBT B R R AN B v S HEBIE S DU SR S 4R REA T S0, O HL 3B ) 4 4>
BT A ARG — AR R REATIIN, SEie 45 Rk 5 pron.

300 600 300
250 | 500 | 500 250 |
— 213 210
200 £ 400 200}
e 2 =)
g 150 = 300 2150
@] 3] <
= g <]
= = =%
100 | £ 200 100 |
50 f 100 | 50 |
0 0 0
RSTNet DLCT ViTCAP VRADC RSTNet DLCT ViTCAP VRADC RSTNet DLCT ViTCAP VRADC
(a) iTH & (b) L B (c) 4=

K5 VRADC 5 EJREVAEHE. #HEHEE . S8R Lt

M5 T ARLELEI LR JL A 1) VRADC 7E 55 FLOPs bS5/ (¥ (W11l 5(a)), 6 BT IR 20 4 2 s
fik; 2) VRADC 7EHEBHE S EEUS T 45 (MRSt (W&l 5(b)), 5554 RSTNet /12 T 26 ms, {HZAK T 53 4MH AN J7
%, RSTNet J& T P B AR B TE SERRAE FH i S AP TR AFEL . 3 S5 480E, SABHOMOFER, A SN T E A
SAFAE_ LR R 3) VRADC £S5 L /My (W& 5(c)), WA FTHE H R RS BB A% LU /N (V) A7 it 245 17D 350 8 E &
#% b BRI, AT 057 VRADC #E 15 HEFRTHRE DU K S 500 — 3 P B R B T, 12 S &t Rk —
U HOAIE B AR ST 2 AR A
3.3.3 7F Flickr30k £ B rERE LR

TEARAT o, AR SCEHE 07725 R EVEAE Flickr30k £indE B AT L SR IGUE T $ie i VR A Rk, Fr b
(7% E 24T Adaptive". Soft-Attention™. Hard-Attention™, SCA-CNN™". Semantic-Attention®. NBT™,
A R L IVAIC*™, VRCDAPY, Szit & B in 4 6 fion. th# 6 uf LU Y, A SO A7 ik VRADC A3
il =GR VEAR R IL T SR IR PR B, 78 & R AR L R0 B U P BE AR IR, 1% S8 45 i — P E B T VRADC 7
LA R

# 6 VRADC 5 HAh RS Flickr30k FUE4E LI A ELig

Jiik Bl B4 M R C
Soft-Attention 66.7 19.1 18.5 - -
Hard-Attention 66.9 19.9 18.5 - -

Adaptive 67.7 25.1 20.4 - 53.1
SCA-CNN 66.2 22.3 19.5 - -
Semantic-Attention 64.7 23.0 18.9 - -
NBT 69.0 27.1 21.7 - 57.5
ARL 69.8 27.7 21.5 48.5 57.4
IVAIC 70.8 30.6 22.5 49.8 63.0
VRCDA 73.2 30.6 22.7 50.6 66.0
VRADC 74.9 32.6 334 51.9 74.9
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34 LWEREMSHR

h T SR b VT A BT AR B (L LR AR, ARSI AT AL T DR UE Ko e i R PR A (14 T L R R R T A
4 AR 6 Fiow, AR ik IR RS . TR ST 5L VRADC E&E/N IR R) 25 A= 5 i) o
Tl AR AL SR AR . R B, AR S35 T Transformer D 2% 5 J5 — 2 (928 S AT K 2B

wearmg green green
%&ﬁ&
wearing sitting table with beer
(@M%l
broccoli other vegetbles

HLFE
food with broccoli wooden spoon

AIQ&
(b) BilF 2

Ko MHiEsmmii

ML 6 W] LA HH, FHEHEAS IR R0 AR ST 1 AR il LA I i 88 DG 00T S PR DX sk, [ I, A S AR e it 76 DG X
B WA AR BT SO B BT BT ] 6 S 1 AN T, AR SO AR B A e
man wearing hat sitting at a table with beer”, 131 BEXE iffi i kIR AT Ak (R ERES, T AN 2 QR ER TR AR RN A A2 “a
man wearing a green hat and a green tie”, %R F AH B H R R A K 30AE B, [RII, AR ST 5 B A% i b DG
“hat” ¥4 REX 35, Btz Ah, a6 (135 2 AT 1 LA R SCE L VRADC AR i)t 16 1 5 J2 T S8 I~ i
W, FFE N IR S 15

Sh T UL I B A S (R AR B A RS N4 RS ) IR T ), B 7 AR T RSO % VRADC BN RC—
SRR 5 2 RR IR L. I Py DU, A SCIRASE R AR R RR AR 40757 . ST TR R I R i, L84t
FIF IR LT T 258, Rtz 4k, Bl 7 385 #0007 R R R AL IR A A B 27 2] 3 1) A5 2. #& AR
BEAEAR F b, AR T 1 DR A5 R T ] p o, A0 DX R S B AN O 31 T B P Rs 8 i 5 1)
PRBE DRI, i HAROR B T A 280 e ) s (5 8, i — PR S T A SO 7 ik e % A 250 27 ) 2 Rl R IX 345 .

Britbz 4, ¥ 8 it 7R T VRADC 4 Transformer A= ) — SR m BT L, AT 8 RSB 4h S, mT LA 25
HELF LS4t

1) ARSCHR Y VRADC BEAH LT Transformer #5028, B 8% 5 IAEA W Y040 545 B AR ek, Wi sh 1 il
A JFRG R (“wooden cutting board™) A5 2 Mg B T AN (“two bowls”).

2) ARSCHEH I VRADC 8T A2 i) A 778 00 BTN & AR HER > B, an2s 3 il i — A A5
2 ) HH Y FL 3% I (“A person riding a horse in a field with cow™) S JIIIE DT,

3) ASCEEH ) VRADC B AL i A) 7 2 AR %, Wiss 4 ma i, Rk TS ZW T AN E T
(“wearing a hat”) LA R3S 7E K ELHTI (“in front of a bus”).
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K
I
|
POz A young girl inhales with the | A very cute brown dog with [ A cat looking at his reflection A cat that is laying on a
Kt intent of blowing out a candle | a disc in its mouth in the mirror computer keyboard
VRADC Two women sitting at a table | A dog running with a purple | A siamese cat looking at its A cat laying on top of a
with a bowl of food frisbee in its mouths reflection in a mirror computer keyboard
K7 VRADC “Eidiliid 55 22 filiid S5 oy b
o f_ »
— AL
s A square pizza on a wooden |Two bowls filled with broccoli| A man on a horse in a field A young boy in a sweatshirt
KiH cutting board soup on top of a table with cows and a dog and baseball cap by a bus
Transformer A pizza sitting in a box ona  [A bowl of soup and a plate A group of cows grazing ina | A young boy holding a
table of broccoli on a table field of grass baseball bat
VRADC A pizza sitting on top of a Two bowls of soup and A person riding a horse in a A young boy wearing a hat
wooden cutting board broccoli on a wooden table field with cows standing in front of a bus

K8 VRADC 5 Transformer A= i3k sz 5 73 #r

4 BESRE

A ST Xof v B i (1) BEUG IR 2R AT 5%, St T —FloBT Y 56 225 T Transformer Y7575, RIS T4 5 X 3028 & 1
B HME VRADC. Z 7 A8 T — P ] S A 8 L o X SR & O v, R AT A U B i B0 T, e i A
LB Fh 27 2 B AR AL X B AE B AR5, O T DX SR A5 B BN 31 PR A AR A o, AR SCHR R T —
ORI B (1 77 =X, 45 B8 SO =& (AL 15 5, LAk 5 | AR A ple S 745 5 5 P 25 B8 T (R i . AR
SCAE MSCOCO HI Flickr30k P/ & FHEAT 528 20 B, 5 U I S L. Szt &5 SRR WA SO 3 10 1) 7 4
VRADC {£ 45 T LSR5 2L T e St ik B, B 280 T — S KRBT SR A Lo AN 5 RS2
A P 0 SR M B B AR T AR ST HR T R A

AT JARE BT TN 2801 A DX ek 2R S Rt 2 50 RIS b (R DX sl A IR, DA R ALA X ) (P EASE TR £ v P
FRAE LA 5%, AR R IR EE 1R B 5 R e ab, 3825 RN N — S TR R IA5 5 A0 a3 S R B i 2, LA i
BRI [Fa] e, LAR 5 N ity 38 sty R 28 () 26 B e ¥ LA (o 30 28 B 20) 84 e 4 i e 4%
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