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Abstract As visual features closer to the text domain, the grid features extracted by the CLIP (contrastive language-
image pre-training) image encoder are easy to convert into the corresponding semantic natural language, which can
alleviate the semantic gap problem, so it may become an important source of visual features in the image captioning in
the future. However, this method does not consider that the division of image content may cause a complete object to
be divided into several grids. The segmentation of the objects will inevitably lead to the lack of a complete expression
of the object information in the feature extraction results, and further lead to the lack of an accurate expression of the
object and the relationship between the objects in the generated sentence. Aiming at the phenomenon of grid features
extracted by CLIP image encoder, we propose dual semantic collaborative network (DSC-Net) for image captioning.
Specifically, dual semantic collaborative self-attention (DSCS) module is first proposed to enhance the expression of
object information by CLIP grid features. Then dual semantic collaborative cross-attention (DSCC) module is
proposed to integrate semantic information between grid and object to generate visual features, and to be used to
predict sentences. Finally, dual semantic fusion (DSF) module is proposed to provide region-oriented fusion features
for the above two semantic cooperation modules, and to solve the problem of correlation conflicts that may arise in the
process of semantic cooperation. After a large number of experiments on the COCO dataset, the proposed model
achieves a CIDEr score of 138.5% on the offline test set divided by Karpathy et al., and a CIDEr score of 137.6% in
the official online test. Compared with the current mainstream image captioning methods, this result has obvious
advantages.
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AORE A0 AL HL T, TR G, B DSF X DX 38k 4R AiE 9 A 2 ot
P HETE MR A2 b, DLORUE 45 )2 i 32 e 2 i 1 o £
BHIF. @5 )2 A DSCC Mtk v, 1 5E 1158 SR
FEOE 5 AR FEAE | @G R AR [B) 1Y 35 OCIRIE I ; SR 5
{5 B o 8 S R SO H AR (18 SOOI IR R 45 S
SR B SCAS 5 AR ], 5 A T R A P A 1 JER RN 4
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IR l
%
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T
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A
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Fig. 4 DSCC structure diagram
4 DSCC 5yl

R, I T A S BOT B R b AT ], DL
TE R I HLH 2R 26 f5 e R TR 5 ) B9 S TR R I 8
MU ARAE, 2845 F AR RS 2 A4S J2 | 0 A5 B
R ORGSR R R R, R EEAT TR — AR
IEL ORI/ W)

Mis(T,G') =Sim(T,G"); Mros(T,Ry) = Sim(T, Ry),

Rf = FDSF(R’G’ G)y ( 11)
M5 = A (E"(M1os)E) + Mrcs (12)
T’ = softmax(My;s)GW?, (13)

Horpr T3R8 SCARRRAE , Migs 3R 71 SCAREAE 55 W0 A%
TIE B 38 SCOGTR AR B, Mivos 8718 SCAS HEAE 5 il 45 e il
3 SCOCHR R I, Mg 227 2 T IS A1 H A5 90U
T SORIRAE RS, WeoR ] 2 o) (I S BOE I, A3n 8
SR BRI RE P SIA TSR KR RO SOR

R I 55 A B A 8] A A A T L AT 2 THT B4R X G &R

A7 AL 18R 55 B g o A TR A Ak B 7 5 02 5 B
M PRI JC R AT, J0 ik e 44 Hh TR D AL A A9
RO, kT R AR R

25 LRIk, 2R v g XU T B B R AR
AL BE SCA 1 5 B2 R B o A, 255 b T R4 A% 2

AN JZ T B9 T SCAE B AR SCRH A DL E R IE R R

FIHAZ R A 26 7 AT 486 38 08 4] 000, 3 £ 25 51 v G
b H AR AH A L.
25 MEKEH

it FH 5 32 3 53 A TR) 1 7 B B 2 s 1 A S 4
HE RS AL 1) 38 3 A SO A R HEAT 0N 2k 2) 38 ok i
fh 2 U HE AT 25, DL CIDEr 230 B0/ 9 % il . 7646 1
BB, 25 58 £ 20 B BSE AR 2 Y = (v yn o vr )
A 5 IS 8] 20 1 28 SUIR 9 2R 22 FAE Sy 41 3R 1 ) 118 528 S
g, Ak

T
Lye ==Y _In(pailyi1)s (14

t=1

HrpoFR m BRI S, v RANHET 1A ] 25 1Y
T AR, 2 (14) o AT 55 09 B AT B0, HE
il IR AT 55 v 25 I (8] 25 B 2 A 1 45 3 kA7 B,
B o 1 NR 22 VR, (R IN 52 U 4 Kk 5 PG 5 AR A
FHOG, BT LAz A RE LT P00 25 T vk itk — 20 $ s
Tl 3 B0 ER . L2 56 2 B Be P, R CIDEr 73 %Al o %
JhBEAT AL, A 2 i A BIR R M ok 20 (7 2l U B
XN

1, ,
VoLrL(0) = T Z (r(yll;r) - b) Voln (pﬂ(ytlzT)) . U
i=1

k
1 i
b= %gr(yli)’

Forp ke s RN, g2 1158 CIDEr 73 80 B &R, b S 5t
2, TR (EAE S . 2 (15) DS Ak 2 2T 1Y £y
FEREAT BT, B A HIE AL 15 b e S R A7 e A, fE
i 1E— 2 P iy 40 3R E A R, TR I OB O T HUT 1A AE
SUAR AR bR R 14 T BE B AR R i AT 1 )

3 XWHERSHHN

31 HIEERTFMIRE

SRR COCO $idladle Lihty, B A 164 262
SRR, Bk B XF 0 5 20 N AR T 09 $ R v ), HE
1123 287 5Kk IE T A TFAR AR B, BERT S T B,
40 775 5K B R AR B, A A TR AR B AR S
5 3 7 12— B Karpathy 28 AU S AL A9 50 43
3, K COCO ol 2kl i~ 2y I’ R4l 43 S U 2R 2
O UE 4 AN A, P N R AR L 113 287 SK I A
B F SR AR AR 45 4 5 000 5K A B4, 3 it coco
P2 L AR LMK 6 6 R A AR TE 9 B R 2T 7R 2R
W, B — 2D A B AL A MEBE. SR T 5 Fh7E LR 4 A
155 wh 7z A T A VE A 435 A 8 3 A A U 3 1Y o o,
fiy & B A ME BB, 4L #F BLEU(bilingual evaluation
understudy), METEOR (metric for evaluation of transla-
tion with explicit ordering), ROUGE(recall-oriented
understudy for gisting evaluation), CIDEr(consensus-
based image description evaluation), SPICE(semantic
propositional image caption evaluation) . %& F &4 $if it
1555 W FE L, — ¥ CIDEr 15 434 o 4 1t 41 38 i )
JoT £ 1) AR
32 KRIET

T AR M, AR SO B S I B T
T TP R R 2 OB, G i D R S D ) 2 i
fith i v B A A5 R B Y BCE N 3, 2R RSk AL
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% B 4 8, Transformer PN &8 ¢ 1F 1 4k B & F 512.7F
S SR AR R I it B, i i 4 58 35 AR 58 10 A R 1Y
TR, T8 AR A 2 o] PRI K B 11074, 725
5~10 %8 3% AR 27 2] A8 E J 1< 107, 745 11~12 48 3%
A2 2] RGN EN 1 x 1075, A 13 58 60 TIF LR 24 2] R
BB X107, A% 7R 58 17 # ik AU it
AR Al A7 2T B B, 3 AR 2 2T B B 24 2] R E
53107, LUK /INFE B SR VI G5 B BE 1 R 50, 78 55
2 2) By Be ik 8 oy 20, 53X 2 S Bir BeER Al A Adam 4k
e EAT S RO, SR AL 2T AN B B i o R
1975 AA A 3, RO/ BEE A 5.
3.3 XfLESEE
33.1 BEAMIL

F RN T A SCTT 45 A 7 A B A
B PR RE XS L, o g 1 AR A i Uy Al AR
GE A0 0 A I B R P BE s 2R 2 B R AL S
R fE 5 e Sl CLIP AL 58 4 5 4% (32 T M 48 O
ResNet101) $2 I A% FF1E 5 (O PERE. th T A SO ik &
FEERXT CLIP A& FRAE A A R HEAT 8T, Br LR T 4R
EAF, ERSH 2 50 AT L. W LUE B, A3
D7 AR 2 I e i B O S B M e, e A IR R

Table1 Performance Comparison of Our Method and
Various Typical Methods in Offline Test
R1 AXFHEEBRMNL TS EMAR G RN
HELLER %

8 BLEU- BLEU-
Jiik: METEOR ROUGE CIDEr SPICE

up-down(CVPR’18) 798 363 27.7 56.9 120.1 21.4

Transformer'((ACL’18)  80.5  39.2 29.1 58.7 130.0 23.0
SGAE"(CVPR’19) 80.8 384 274 586 1278 221
M Transformer™ 808 391 292 586 1312 226
(CVPR’20) : : : : : ’

X-Transformer” 809 397 295  59.1 1328 234
(CVPR’20) : : . : ’ ’

GET'"(AAATI’21) 815 395 293 589 131.6 22.8
APN" (ICCV’21) 39.6 29.2 59.1 131.8 23.0

RSTNet"(CVPR21) 81.1 393 29.4 58.8 1333 23.0

ReFormer'”(MM’22) 823 398 29.7 59.8  131.9 23.0

GAT™(Expert Syst. 80.8 397  29.1 59.0 1305 229
Appl.22)

CLIP-ViL"(ICLR22) 40.2 29.7 1342 23.8
up-down” 813 394 292 593 131.9 2238
Transformer’ 81.6 406  29.9 59.8 1362 239
RSTNet’ 82.0 404 30.0 59.7  137.0 23.7
DSC-Net(Z30) 829 411 30.1 599 1385 237

TE: HAB(EF R AL 7 I B AR SCRE I 2SR, 7E Bk
T 5AIOBARRIRFREE, BRI L aim A

i 14 45138 v e & Y CIDEr 7 I, U T 138.5% 1)
55, 5L AERAE T 2 B H % RSTNet A Eb
P T 520 A a8, 5 CLIP A& FRIE 2 8L
() RSTNet #H FL 4 =5 T 1.5 4~ @ 43 £ 4, 78 BLEU-
1, BLEU-4, METEOR, ROUGE J5 1 Bt 15 T # #
RSTNet 14, 7£ SPICE J5 i 5 2 A1 24.

AT AR CLIP M A% FEAE 8 8 T RSTNet, [A]
i RSTNet 7F 1% 58 ML 36 FRAE T 26 Bl de A, axX R B AR 3¢
JIEAE ST Oy R T IR A ik, A R
B0
332 FEZIA

3 o AR AU B N A 1 T 2 SR A 52 B A
MR 55 i, 20 XA SO AT O TE 1 PEA
2 R T ARG i A SO R S YT T Y
T, Hh BRI EBE R T1E 5135 F % (e5)
F140 2% T (c40) T IS4G 0. th T HEFT 8% -
JR TR 1) K 22 I8 4 AR R ) T 25 2R, R AR St 2
HE 2 1109 7 3 ol 4 A A0 1) B R A T AR R K. T
PLFE #), A SCHR H A DSC-Net 75 15 4 14 45 58 b f%
F 1Y ETE CIDEr I X} F ¢S5l c40 43 5 iU 43 T
135.8% F1 137.6% W ). 5t , 5 & MAL 75 (1) RSTNet 4
[t 7E CIDEr 1Y ¢5 il c40 |43 538K T 3.9 4 A 43 4
3.6 1 H 7 .

B e 22 K A B b H il U i A A
CLIP WA FFAE, R T PRAIE 2 -, A% S ] CLIP %]
& REAE & BRI RSTNet #5284 [ BEHEAT T AE £, 4
H5 A SO 1k 0 B — 1R R AT AR R I 4 R L A
Al LA B A SCHR HY Y DSC-Net 75 B — 46 8 it 3843
Fahn B EREUAS T B A 0 P 8, 4% 51 & 7E CIDEr /) c5
LR T 13274 A 43 S SR, 5 RSTNet A1 L 2
BT L3 AN A AL AR 25 2R AR T A S
P R 0 AT A5 RN AR SO R Y S
34 HBLILIS
3.4.1 B RPE S

R T k2B VAR AR STy B R R, B TR AR S HR
HR S AR ) A R, KR AL R AT I Al g, 3R 3 RN
TR X AR SR A AT S g A 2 R T A
AT % 09T 2, A8 Guo 2 AU J ik X A 3 5 AiF
HEATAH A G B, I DA AR Shy AR YRS 6 118 Sk £ A
AL, UL G A 3 v B b B # Y CIDEr 43 431 A W M

B hn. AT LLE B, A FH 3 26 A5 80 AT LR 136.3%
() CIDEr 15 43, 34 Jil DSCS £ e J& U 5% 137.4% (1)
CIDEr 15 43, ¥4 Jin DSCC #& it J5 7] LA B AF 136.6% 1)
CIDEr 75 43, [] B 48 Jin DSCS il DSCC B /] LA B 75
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Table 2 Performance Comparison of Our Method and Various Typical Methods in Online Test
R 2 AXFEEEEZWK P EZSFMB TR LER %
) BLEU-1 BLEU-2 BLEU-3 BLEU-4 METEOR ROUGE CIDEr
ik c5 c40 c5 c40 c5 c40 c5 c40 c5 c40 cS c40 c5 c40
up-down"(CVPR’18) 802 952 641 888 491 794 369 685 276 367 571 724 1179 1205
SGAE"”(CVPR’19) 81.0 953 656 895 507 804 385 697 282 372 586 73.6 1238 1265
AoANet”'(ICCV’19) 81.0 950 658 89.6 514 813 394 712 291 385 589 745 1269 1296
X-Transformer(CVPR20) 819 957 669 905 524 825 403 724 296 392 595 750 1311 1335
M’Transformer*(CVPR’20) 81.6 960 664 908 518 8.7 397 728 204 390 592 74.8 1293 1321
GET"(AAAI’21) 81.6 961 665 909 519 828 397 729 294 388  59.1 744 1303 1325
RSTNet"(CVPR’21) 82.1 964 670 913 522 830 400 73.1 296 39.1 595 746 1319 1340
ReFormer'”(MM’22) 820  96.7 40.1 732 298 395 599 752 1299 1328
GAT®"(Expert Syst. Appl’22) 81.1  95.1 66.1 897 51.8 815 399 714 29.1 38.4 59.1 744 1278 129.8
RSTNet!"'(#f—#57) 81.8 962 666 910 519 827 397 725 297 390 594 745 1314 1344
DSC-Net(7A< 3¢ BL—5i780) 819 963 666 91.1 519 828 397 728 297 392 593 744 1327 1353
DSC-Net(7Z 3CH ) 828 969 678 923 532 845 409 747 301 396 601 753 1358 137.6
T MAREUE R R A,
Table 3 Ablation Results on Modules 138.6
%3 ETHRNEMER % & Lsa|
244k é ool
Baseline DSCS DSCC DSF CIDEr BZ(I) L . . .

v 136.3 0.02 o.osﬁéjwom 0.05

v v 137.4

v v 136.6 Fig. 5 Impact of hyperparameter on performance of model

E'5  ESHORIE R R

v v v 137.1

v v v 137.7 B, BB SE JEATRE, SERM S R E 4 . B

v v v 137.5 WSS L AT R T AU JH A AR AF 2E AT 4 3R 0 25

v v v v 1385 ] LLBUAS 136.3% B9 CIDEr 4038, LAIGAE Bk, 4 2

T MABRR R v R R sk,

137.1% 1 CIDEr 5 43, [A] i 34 il DSCS 1 DSF i} 7]
LL AR 137.7% 19 CIDEr 15 43, [A] B 3% Jin DSCC 1
DSF B 7] DL HUAS 137.5% 9 CIDEr 15 45, [8] B {5 FH i
A R AT LABRUTS: 138.5% 1Y CIDEr 1543
3.4.2 USRS B

FEARSCHE H Y DSCC AL 1, 51 A T Sk
XA B e R BE AT IR, S TR BSE S
B, 38 o AWK O R 0 (8 AT 525, [ B R AT
BORAE S M7, TR EE LA CIDEr /8 A PEM 5 4R, 52 56 45
WE S s, o LLE R, 24 2=0.04 Bf U T &m0y
CIDEr 43 %4, FF LR 0.04 75 il S 80 BUE, H.A
(1) 78 Ak X CIDEr 4354 i 5% Ml A8 K, i DA IA S 485 A8 X6k
S H AR AR
3.43 W IE LHMENLHIA S5

R T PP XU T SCEIMEBIL R B T A 1 e 1Y

SR
52

A7 JE s 1 Ta) B A P DX 3l 45 A0E R 0 s 5 E, (HAS i ]
XU 1 CHMERLT B 45 51, AT LIRS 136.8% (1) CIDEr
IE, HRELA LR T 05 N A B S 3 AT RS T
(7] Fsf Y DX 358 R A R I A% R AIE, (R A foff R XER 3 X
DM A B R A 25 L, T LU 137.7% B CIDEr
G S ATT R T TR B T DX SRR AOE 0 A SRR AT

Table 4 Ablation Experiment Results of DSCC and DSCS

Modules
R4 KXTFUEFEBIIMENNFIRERLIRER %
ik BLEU-1 BLEU-4 METEOR ROUGE CIDEr SPICE
w/o Region 82.0 40.3 29.8 59.8 136.3 23.5
w/o DSC 82.4 40.6 29.9 59.7 136.8 234
w/o DSCC 82.2 40.5 29.9 59.6 137.7 235
w/o DSCS 82.5 40.7 30.0 59.9 137.5 23.6
DSC-Net 82.9 41.1 30.1 59.9 138.5 23.7

T AR e LA
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RLAS A R 1 SCHIMYE 28 SUTE T D R e i) 25 5, T
PLEUAS 137.5% () CIDEr 50 % 265 547 )& m 1 fli i IX
ol 4 AIE R0 A A AE, EL ) B0 2 A A B i A7 kb B
By 255, T LIS 138.5% (1) CIDEr 208, 5344 He
FETE 2.2 4 4 mL X R WIA SCHE Y DSC-Net xif i i&
PERE 0 45 TH 32 A5 25 0 DR P90 A 4 e 1 O 1
BT R LT 18 M 45 48 1 35 b i 1
344 LIXIRR B S0 RRAE RS A S0 BT

S T VEAR DAk 2 5 0 REAE A B X i
AR PERE Y5 I, 15 B L IO AT IR, S IR 45 R gk
5. K s 147 B s 45 H] DSF £ 8k J5 DSC-Net [
PEfig, 7T LLECAR 137.19% 1Y CIDEr 434X, 53 4 wio
DSC — % J& 7 1) 45 S A Fb 78 1 g 7 w4 TH AR K 58
2AT R T 1ERRAE @l A BHRE DL IXSUREAE S 32 52k
DL AR AR AIE R 32 3 19 45 L, ic 4 w/o RFD, 7] DL HLAS
137.3% 1) CIDEr 43 %1, 5 %% J] DSF & HAf L 32 71 0.2
AN G A 5 3ATIEOR TR Rl A B DL B
By &5 3, v UECAS 138.5% 1) CIDEr 43 %, 5 28 H
DSF A L4 TH 1.4 A4S 40 5. 3K E B T DL XSk
F T REAE Rl G A B T A DR DG M 28 In) R, TR
WYY A5 B 1 SR G AR e 5 3 R L ORI X
FEAIE 32 5 M A 1 5 BELE

& 5 R UHHH M vh 2 0 S AEAE T WL o L HME
T AR, L2 5 AP BE Y B . EAT R AE LA T
PLGE f AH DG M ph g€, LRl A ol B b DL IOk R g
fi WA TR 1) P BE R T
35 EMESW

R T U b R A SCHR A AR R T A R
PR T I R R R R 28 AR SCHR Y
XUTE 1 SCHME ML Ak B 5 A 78 Xof 15 1 i AR v i B

GT: An elephant and a rhino are
grazing in an open wooded area.

field of grass.

ZR3L: A elephant and a cow
grazing in a field.

(a) =PI

GT: Women hugging a small girl
with green and blue luggage.

JEZk: A woman holding a child
next to bunch of luggage.

AL: A woman is hugging a
child with her luggage.

(OENIE

Table S Ablation Experiment Results of Feature Fusion

F5 HIMAEHNEMIRER %
Ji¥k  BLEU-1 BLEU-4 METEOR ROUGE CIDEr SPICE
w/oDSF 822 40.6 30.0 59.7 137.1 236
w/oRFD  82.1 40.5 29.9 59.7 1373 236
DSC-Net 829 411 30.1 599 1385 237

FL4k: Two elephants walking in a

T M E R e

Hbs 1 HETh R a8 7, K 6 JB/R T A SCHE i LAY
FINEE 2 AT AR B 0 15 38 1 D, R 5N AR v 1Y i A)
HATX . i 6(a) Frs, LB AN M 2 kK
% (two elephants), A< SCHE H A AL I Ry 2 13k K
201 1 3k 4 (a elephant and a cow) ; W 6(b) fii7~, 3t
LAV T 1R # (a young boy) , 48 3C
P& B B R ) ) W R 1S #E R 2 B0 B (a baseball
player); W 6(c) iR, FELA AN & N4+ 1E
1775 5% 11 (next to bunch of luggage) , 7 SC 47 H it 455 7l
W) G 3 4% + 7€ 55 % 17 2% (child with her luggage); 41
Kl 6(d) froR, SR ARIA R — B R ZAEsh Y e, 48 3¢
P& 3 B RS A 00 S5C VB A A B (with people) . 5 I i
R, 5 HERARAR b, A< SCHE Y BB B2 B 0G|
el R B R T iy H AR R E AR 2Z 8] 005G &, T LA 8]
A HE R S5 RAATE T IMAF 5 N ZS, [\, X R 0
T AR SCHR SR o SCHME ML AT LA AT 280 i 2 D)
F&ARFAE XS B A e = 56 1 A [a) @

Bt AR A rh sl /D F RS 2 TR A5 BRI R
AR SR Y — Ff BT DSC-Net 1 BG4 34 07 . 5l it
DSCS #E47 H AR 8] i 35 SCOCHRIE A, S8 5 R H e Sy 3]

GT: A baseball player holding a
bat while standing in a field.

F£k: A young boy swinging a
bat at a baseball game.

AC: A baseball player bolding a
bat on a field.
(b) 72

GT: People are watching four
elephants in a zoo.

HL£k: A group of elephants in a
200.

AS3L: A herd of elephants in a
zoo with people.

(d) <14

Fig. 6 Comparison of prediction results between DSC-Net and baseline

& 6 DSC-Net S53LE A9 US55 L
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Xk A7 A A%, FOA TR AR SRR A A T SRR I A
1 5 AR AR AR X H b R T SR R GB RE ) i
DSCC 1155 SCAREAE 5 DX IURFAIE 22 1] 1) 18 SOAH G
R Iy RS 30 %o 7 A7 R ) R s L Aol R B S Y B
AR R AT LR ROAS A H A5 2 AN Z T AR SO
SR R SRR A R AL R R, i R R A R
7 R AL SE T SR SRS LR AL 1 SRR 5
i DSF 47 LA X0 £ 5 AR ERE &, 70~ B H AR
JERIBE 7 1 [5] B il A R0 A 5 ol O U E 3 S B
o i AT BE R LA AR OC 1 b e () AL SR 45 R R B,
AR SO I 5 1A R AR R T RS A A R T ik
B B R, 5 AT A S5 7 VE A H B B A
B AE T — 2 TART, B R 208 MAS FRIE A4 78 H
Tt SCAR B A SREMRS, 9 /0 o DX B AR A A RO, 2 1 il
TR R LA 7P B 2 i AL B0 A% B R RE 4 i s S b

EERBMAR: 2 F AR LT 1%5;%%44“831&%

R RBERGEERAL; AL TR FEEEHHE S
B 56 XL A%&&#a%’fﬁi‘f—ﬁé‘&%}i;
BRBATEEALH, AFMALE THEIFTEHE#%
KA IE.
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