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A Multi-Relation Difference Coupling for Remote Sensing Change Captioning
Guided by Bi-Temporal Feature Enhancement
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School of Electrical and Information Engineering , Tianjin University, Tianjin 300072, China

Abstract: Objective Remote sensing change captioning (RSCC) aims to automatically generate natural language descrip-

tions for changes occurring between bi-temporal remote sensing images acquired over the same geographic region. Different

r#m B #1:2026-04-02;; 1€ [E] B #7:2026-06-02
* BISAER X jliu_tju@tju.edu.cn
EETH: A3 HAR A E T RS0 % JE A58 3L 4 (WDZC20265290201) ; 1 1] 5 2% 2 1k 2 B 37 5 110 1R A0 455 457 T % 38 AlF 9%

(62371333)
© rh[H E S BB 2E R A



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

from traditional change detection, which mainly focuses on determining whether changes occur and where they are located ,
RSCC further requires the model to understand the semantic category, spatial position, and transformation relationship of
changed objects. This makes RSCC a challenging task that integrates visual change perception, bi-temporal feature interac-
tion, and language generation. Existing methods have made considerable progress by introducing attention mechanisms,
Transformer-based structures, and generative modeling strategies. However, several problems remain. First, the deep fea-
tures extracted by visual backbones usually contain a large amount of unchanged background information, while the truly
changed regions may occupy only a small portion of the image. As a result, key changed regions and discriminative seman-
tic channels may not be sufficiently highlighted before difference modeling. Second, the relationship between bi-temporal
features is not limited to simple subtraction. The original pre-change and post-change features, change magnitude, multi-
plicative interaction, and semantic similarity may all contribute to change understanding. Directly relying on a single differ-
ence representation or simple feature concatenation may be insufficient to describe complex changes. Third, some recent
methods achieve better performance by increasing model complexity, but the balance between captioning performance and
model size remains important for practical remote sensing applications. To address these problems, this paper proposes a
remote sensing change captioning framework guided by bi-temporal feature enhancement and multi-relation difference cou-
pling. Method The proposed framework follows an encoder-decoder structure. RemoteCLIP-RN50, namely RemoteCLIP
with a residual network-50 backbone, is adopted as the shared visual feature extractor to encode pre-change and post-
change remote sensing images. The two temporal images are processed by the same backbone to ensure that their visual fea-
tures are represented in a unified semantic space. After feature extraction, a bi-temporal spatial-channel enhancement
(BSCE) strategy is introduced before difference modeling. The BSCE strategy performs channel enhancement and spatial
enhancement on the features of both temporal images. Channel enhancement uses global contextual information to recali-
brate semantic channels, so that channels related to changed objects can obtain stronger responses. Spatial enhancement
further emphasizes local regions with change potential and suppresses irrelevant background responses. In this way, the
enhanced bi-temporal features provide clearer and more discriminative inputs for subsequent difference modeling. On this
basis, a multi-relation difference coupling (MRDC) unit is constructed. Instead of using only simple subtraction, MRDC
jointly models the original bi-temporal features, absolute difference, multiplicative interaction, and cosine similarity.
Absolute difference represents local change magnitude between the two temporal features. Multiplicative interaction cap-
tures co-response and feature interaction between the two temporal images. Cosine similarity describes semantic consis-
tency between corresponding spatial positions. These complementary relationships are concatenated and compressed
through feature fusion layers to obtain a compact visual change representation. The fused feature map is then flattened into
a visual memory sequence. Finally, a Transformer-based text decoder is employed to generate change captions autoregres-
sively. During training, the model is optimized using cross-entropy loss under the teacher-forcing strategy. During infer-
ence, greedy search is adopted to generate the final change description. Result Experiments on the LEVIR-CC dataset
show that the proposed method achieves 83.62 in BLEU-1, 60.22 in BLEU-4, 64.94 in ROUGE-L, and 128.58 in
CIDEr, where BLEU-1 and CIDEr outperform the comparison methods. Meanwhile, the proposed method contains 41. 5S0M
parameters, which is lower than several classic and recent representative methods, demonstrating a favorable balance
between performance and model complexity. Additional experiments on the DUBAI-CC dataset show that the proposed
method achieves 63. 75 in BLEU-1, 34. 14 in BLEU-4, 56. 62 in ROUGE-L, and 90. 09 in CIDEr, obtaining the best per-
formance in BLEU-4, ROUGE-L, and CIDEr, which indicates its applicability across different datasets. Ablation studies
demonstrate that both the bi-temporal feature enhancement strategy and the multi-relation difference coupling unit improve
change captioning performance. Further relation synergy experiments show that, after bi-temporal feature enhancement,
complete multi-relation coupling achieves the best performance in BLEU-1, ROUGE-L, and CIDEr, indicating that feature
enhancement helps improve the complementary representation of different difference relations.-Conclusion The proposed
method designs a targeted bi-temporal change representation process for remote sensing change captioning. By introducing
BSCE before difference modeling and constructing MRDC to jointly represent multiple change relations, the method
improves the discriminability of visual change features and provides more effective visual cues for language generation.

Experimental results on LEVIR-CC and DUBAI-CC demonstrate that the proposed method achieves a favorable balance
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between captioning performance and model complexity, and it shows good applicability across different datasets. The abla-

tion, relation decomposition, synergy, and visualization analyses further confirm that the performance gain comes from the

cooperation between bi-temporal feature enhancement and multi-relation difference coupling. Although the proposed

method still has room for improvement in fine-grained word-level matching and complex scene description, it provides a

practical and relatively simple framework for remote sensing change captioning. Future work will explore stronger language

decoding strategies, cross-dataset semantic alignment, multi-dataset joint training, and lightweight deployment to further

improve the robustness and generalization ability of RSCC models.

Key words: Remote sensing change captioning; Bi-temporal remote sensing images; Feature enhancement; Multi-relation

difference coupling; Change description
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Fig. 1  Overall framework diagram
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1.4.3  PSEICIL)F 5

Z KR ERBE R BN ERE F A
AEFRFIE R e LA B H i A Y 9 A SO i e . i,
g HA 2 (B 4 SR IT M AT token JT 51«

V = Flatten(F,) e R™>“#(12)

A, HW A token X I il & e iE 1 Hh 1) HX W A>3 ]
i &, B token £ 7 — > 25 [ i B 1Y fill & A8 1L
w2
1.5 XAMRGERSHIREN

TERAF AL C A2 7 50 V G, R JH 3 F Trans-
former 1Y SCAS fiff it s A= R A IR . A AT & H ) %
NJZ AL E Gt | T A 2 S S T
ZA R X THRAGFS Y, |, 165t i AR
W S5F 3] 32 B2 1 SO A I B AL g B LA O B2 P 1)
IS Z =P

X, = PE(Emb(Y_,))#(13)

Ao, Emb() F AR PE( ) 207 3 B4R
S URUE SCAS A 06 2 F TRT U 24 o fife R 2 0 i A
Gt b = oA DR SR AR, A S 2 HORe ) g
W ANBEVI R AR 0] . 284 67 B 4 it J 1 SCAR T3 41
TG F R R AR 2 ) R R AR O
F s BJm B AS T B IR  LUSCRBIRZS
query LISEICAZTE 51 VA key/value , 522 fL A58

IRIEATAZ ., DT 5 25 ) A SRR OC Y AL o 1
SRR ZI AT RN
H'" = SelfAun(X,)#(14)
H® = CrossAun(H",V )#(15)

o H, SelfAttn(+) 78 SCA H 1 T 5 CrossAtin(+) %
IR SCARXS AR  BE R SR R ) . e
ML 55 1 Softmax 15 21 78] & L 1) T A 28534

P(yll y<l,V) = Soﬁmax(Wo)Hl(z)#(l@

SEBR AR A A Sk S B SO | TR TR
PERGSER I )Z i E S AT AR L A
DA/ S0 I iRl a2 — 2k .

Y B R FH Teacher forcing 9 M , UL B SCHT 2%
i) 7 A R — A 3 e B R B LA 1R A i
(START)YE A ®I LG H A GV i 8% , B — 2D
21 i IR 220 e R R 0 — AN A B R g 2
HARIC (END) BGA BRI 1k 2 HTi A
i, AR AR A A BCR H Greedy search 5 A, I 41 H
A A 5 2 2% 438 BLEU . ROUGE-L 1 CIDEr
PPN AR T o
1.6 HMEBHSINEKME

Sy 5 B 3 i ) 5, R R T 9 9 RS A6 1 58 X
SR 2 X AR A AR A i PR AT . ORI
%00 B FME RS A AP (v v, V), HEHRE S
Y I IR A AR R AT S R

L., =—ilogP(yll vV )#(17)
t=1

R E A )T A2, YRR X 75
FRHATEL S XA A S SHRITA

Zi b, Jr ke A 0 3 R AR AR Ty vkl i e
RemoteCLIP-RN50 F3 ik 4/ H— XU A 2 8] 18 18 34 5ik
—Z R RIS U A i R AR,
XU A B A 1 JR i B B e S 2R L
gt — gt Sk B e 1e A2 P A, FAE B A A g
TR S A AR T AR AL R A . AR T By
THREAE AT B2 43 AR ) T L TR R T A T (R
i SHfe i AR A DX 3R RN AR AL i CFRIR, W I S8 i
SEYS AT AL S AT B AR TR AR A VA AL
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2 HESIHWIRE

2.1 HEENAR

A 3CHE LEVIR-CC Al DUBAT-CC W A~/ T 32 Ja&
AL S U AR T SRS, LI AIE T 2 Jy
FRIAT R 5 B S A 3 T o

LEVIR-CC ¥4 5 /& 75 LEVIR-CD BU AH 2 5
PSS B B g A Y AR R B A iR
A , T ) U AR R R B B AR TE F R iR Z
) s SOAEAT 55 It 4R v B MR A th — X AN [R]
I AF R IR 128 J25% PR 45 R 22 25 728 Al A SUAR A, SC
AN EEE SR YR K PR 2
JEETT , AT BE A% Ay 18 A8 A i AR A 55 $ (AL 1 R —C
AR T . LEVIR-CC #4242 55 10077 4
Pk A 32 JEk <1 5UFN 50385 25 AR AL AR SCA | F- 25 B Xk
KGRI 5 2% SCAR IR o BOHe 2R 15 IR R 4R (56 TiE
AL A IEAT R 53, 7300 F TR 28027 ) A5
VR R AV EREIT

DUBAI-CC £ di 4 H] T3k — 20 B uE AR AL A5 AN [
T RVEA T A E M. IZBE SR E 500 ZH AL
R 2 S AR 2500 2528 A A i SOAS , f 1 524
FEXTI 5 Z&4HiA . 5 LEVIR-CC A LK, DUBAI-CC £
By e DX S AR R R R S0 A1 5 T A TE 22 5, DL
AR B B A2 AL S b SRR IR 4 . SE5G
R I TFR) 43757 20, I 2548 50 k& A 4R
S 5475 300,50 Il 150 4 FEA

FEREAA L7 3 1 IR BER T 2 1 iR 14 i
SR W, BIVAE IR U A B2 AG06 N e 22 5 25 s M /L
TR B AN L 5 SR, i o O R R T AR
B, DR s B S B . k5 B B
TR B Al —REAR ) 2SR T 22 % 30K
B, AT B0 2 Wl B e 2B i 4 AR 5 N AR T 2 1]
A — Btk o Gy AR Y A 48— B o 214 i
(red-green-blue, RGB)# 2, If-5¢ mu ik A6 5 00— 1k
oAb
2.2 ISR

Sy A TPEAG B AR A Al R R HER P E SR
JoTfe , S R FHAGE VAL B #b 4 A7 (bilingual evalua-
tion understudy, BLEU) | 3 F f & 24 M )37 41 {1 1
1] A4 7] 4% 22 PEA4% 48 F5 (recall-oriented understudy for
gisting subsequence,

evaluation-longest  common

ROUGE-L) Fil J T 3t 35Uy 181 1% 4 34 37 £ 45 45
(consensus-based
CIDEr)/E Ay 5E BEIFMr#$R . Hrb, BLEU-1 Fl BLEU-
453 W F 7R 1 JCHI 4 JC n-gram VEECRG 2 . iR F8 Fr
3 MM R IRNC D BE R TR 2P ) A — 3k
P LA R B AR SORIARUE 55 22 A A A S ik 5
SHEIR Z A AR
2.2.1 BLEU

BLEU 8 bridi i b H A i) 5 2 7% 4] Z 8] Y n-
gram HL5 T R A SO AR U, HOE OR

N
BLEU = BP'exp(zw”logp,,)#(IS)
n=1

image description evaluation,

A, BP R8T AL A S0 5 0, 7R 55 n B n-gram 4%
JEE X N AT 5 p, 22 7R 5 n B8 1E n-gram H4 J 5 N &
7R R R n-gram Y. 24 N=1 Rl N=4 1], 43531
%% BLEU-1 Fl BLEU-4+
2.2.2 ROUGE-L

ROUGE-L 3 F # &K A 3£+ )3 51 (longest com-
mon subsequence, LCS) A A= il 41 5 225 4] 2 [A] (1)
ARG — Bk . WA 55 AR K AT
FEB B LCS (Y, Y )W HORS g 52 0 4[] 570 531
X

LCS(YY

P = |(Y,)#(19)
LCS(Y'Y)

R = T#(zo)

ALY RIY [0 B R AR 5 2B A K
FEMEEA T, ROUGE-L ] 5 :
(1+B°)R P,
Ris +B°P s

O, B P17 250 3 K T8 4 0] R 5 R A R
Z[A] AR AL

ROUGE-L f&#5 [ Wi 1) 5 2 % A £ A1) 1 44
SER R —BOREEE W 3 A AT 55 Th R R R R K
Jit AT B i 2 E )
2.2.3 CIDEr

CIDEr 3 B2 i [ 41 7 A2 AT 55 Bt il i b
HE U 5 22 555 %5 MK n-gram J2 T T A — 196 SR
4% (term frequency-inverse document frequency , TF-
IDF ) AASORE AR P R i 1 S — Bt o AR i) v
*ﬂ?‘%/ﬂ%%{lﬂ}ff% n i n-gram b [ TF-IDF 755

ROUGE - L =

#(21)
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3R g, (Y )R g, (Y,), U5 n By CIDEr 73 80E SR -
CIDEr, (YY) = 1S &Y &(1) #(22)
m e () || e.(v)|

21 CIDEr 73500 45 B n-gram ALY #9132
{i:CIDEr(Y',Y) = >"_ w,CIDEr,(Y', Y)#(23)

K, m TR S5 ;w, £ 8 AN [F B n-gram
(AN EE 30 B A GE

CIDEr BE % [F] I} 2% [& 22 22 2% iR 55 1) 10T X 73
JE X R AR AT 55 v i X — SO AS B EAC R
P A1 Bl Ry i e A A 3R T ) EE AR AR
2.3 KRIMAT

SEYGTE Linux #54/E R G0 T 5T PyTorch TR 2% 2
HE B S B, Y1 25 5 X 34 7E NVIDIA GeForce RTX
4090 GPU L 5¢ i, W A7 24GB. JIr A S5 35 R
AR IR BB 5 3 6 AR IEAS [R) A7 07 dil 152
B AR

BTN 5K AdamW AL 2 , W1 HR 24 ) RN
1x10™, batch size 1% K 64, Y 2% K5k 50, warmup
Fe i A 0. 025, 312K FH warmup J&5 18 5E 2% > R K WE
PEATRRE o Rl /NI R A P BE D% 3l , 5246
SEBEALRF Ry 42, YR B p |, B4 epoch & 7E 50
UESE b33 40 2% [ B ¢ 381 5 (] B 76 3 k4 1
PAT A2 AL $ & #E 3, Jf 9 55 BLEU-1, BLEU-4,

ROUGE-L #1 CIDEr #8¥5 . £ & % b et 5
A U A S5 A 0 R AR 0 IE 2R A R A RN
CIDEr 8RR LBl

FEYNER IR T =X R A 1E 33 2 2] SR
iy AR Y9 ek B A J5 FH T B0 — 2035 ot
WA EAS S/ . WK Bk T8 &R
TR Z 1) A= AR A I, B LA AR BR ICAE 40 U
A TEREA B 205 85 2 B HE R fe KW RIAE R — B
ZIM N B A A R AR IC SR B e R K 1k
B LR AEAE s R 5 S R L g AT S
B AR 804 0E g b, I [R5 TR EE R

3 HBRESM

3.1 LEVIR-CCHEEXILIREERELNT

R BRI 5 T 1 AR A e A AT 55 Y
AR AR SCH e LEVIR-CC B 45 1 JF Rt 1
SEH . X LT 4L 45 Capt-Rep-Diff | Capt-Att, Capt-
Dual-Att. DUDA . MCCFormer-S . MCCFormer-D 45 %
AR Ak = AR T 1 RS Diffusion-RSCC Al
RSICRC S5 AR AT 1% 0 it — 2 7 M BT fiE
SIS Z A B O FR AR SCIR) I 25 00 5 i 2
Bt I SA SO kAT AL

R1 ARFEELEVIR-CCHIEE FHILRERSSHEILE

Table 1 Experimental results and parameter comparison on the LEVIR-CC dataset

WIReS BLEU-1 BLEU-4 ROUGE-L CIDEr Param.

Capt—Rep-Diff 72.90 47.41 65.64 110.57 73.21M

Capt-Att 77.64 53.15 69.73 121.22 73.60M

Capt-Dual-Att 79.51 57.46 70.69 124.42 75.58M

DUDA 81.44 57.79 71.04 124.32 80.31M

MCCFormer—$ 79.90 56.68 69.46 120.39 162.55M

MCCFormer—D 80.42 56.38 70.32 124.44 162.55M
Diffusion-RSCC 83.58 60.90 71.50 125.60 -
RSICRC 79.55 55.76 62.15 117.14 -

Ours 83.62 60.22 64.94 128.58 41.50M

TE LA BRI, — "R SRR AT

F 14 H T AR 778 LEVIR-CC 55 4£ F iy
SIS ZE RS BGRE L E, ATLUE AR SO IS
T 83.62 ) BLEU-1. 60.22 1) BLEU-4. 64.94 [}

ROUGE-L #1 128.58 1 CIDEr., H ', BLEU-1 #1
CIDEr ) BUAS Fe Al 45 3, Ui B AR SO 2 7 A8 b G e
1) DC g 00 A 1 S —EME Oy i B A R

© h[E KR KL AR



10

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

5 RSICRC #f It , 4 3 J7 ¥ 7& BLEU-1. BLEU-4,
ROUGE-L #l CIDEr |- 43 |48 7+ T 4. 07 .4. 46.2. 79
11 44, KU FHFFERG R 5 2 C R EZ 5 G
RERS A T2 AR B i

5 Diffusion-RSCC # Lt , A S J5 ¥4 7 BLEU-1 Fll
CIDEr |43 5142 TF 0. 04 F12. 98, 7£ BLEU-4 | B& %
0. 68 XUt BRSOy IR AR R T SL— 0k Iy 1 AT
— B AR R MR S5 A 2 207 T
AFAESE TS (8] A8 ROUGE-LAg#R I, 48 3C
F AT DUDA .MCCFormer-D Fl Diffusion-RSCC %5
D7, Uk A AR 5 ) 1 R 25 F AR R BE 0 D7 AT A Bk
— etk As (],

MBS Z2 B AR, AR SCH LN S 5E N
41.50M, B AKX T 3R v © 45 S 80 iy 6 L vk .
%40, 5 Capt-Rep-Diff, DUDA 1 MCCFormer-D #H
L, AR S8 4 180 1 31, 71M .38, 81M Al
121. 05M. 25 R W, A 3007 125 1 AR A8 AR
SRS PG TERE ST MR TR NS BE R T,
T AU AR R B R AN 220G 3R 25 R S8 T A AL
AU A

LERORFE ARSI A TE LEVIR-CC Ui 48 [ HL
15 TR — A BT . BRARHLTE BLEU4
A ROUGE-L#8#5 I If-4E F 4k , {17 BLEU-1.CIDEr
ASHE 7 R, UL RT 4 0% XU AR REAE
HRG 20 2 0 R 25 RS E AL RE S TR AR Hr 25 A A
X a7 7 B T4 T R AT B A 5 ) 8 B R A
PERE
3.2 DUBAI-CCHB&EXTLL LI

itk — 2L R T B VAN R AR e
(938 FHME , 25 SC7E DUBAL-CC B4 b A58 T vz
{925 . 5 LEVIR-CC #f] lt , DUBAI-CC 7£ 3 5 X
i AR R AR A AR A KU I 25 5%
PR L R 6% FH T A 0 A A8 A 5 B R A 45 1 T AR b A
g 1 . 908 ¥ HU RSICCFormer. DUDA,
MCCFormer-S . MCCFormer-D F1 Diffusion-RSCC %5 J5
AR XS T R R 2 i .

245 TSI 5 e AE DUBAL-CC B s 45 1Y
SEEG A . W LLE AR SCOT RS T 63.75 1Y
BLEU-1, 34. 14 ) BLEU-4. 56. 62 ) ROUGE-L #l
90. 09 f) CIDEr, H:H',BLEU-4 . ROUGE-L £l CIDEr
BIASRARES R , U SO AR BB A o
) LA — B R A SC— e T AT BT Y

®2 AREFEEDUBAI-CCHIRE EHEHER
Table 2 Experimental results of different methods on the
DUBAI-CC dataset

Tk BLEU-1 BLEU-4 ROUGE-L ' CIDEr
RSICCFormer 67.92 31.28 51.96 66.54
DUDA 58.82 25.39 48.34 62.78

MCCFormer-=S 52.97 22.57 43.29 53.81
MCCFormer-D 64.65 29.48 51.27 66.51
Diffusion—RSCC 69.20 33.30 56.50 88.70
Ours 63.75 34.14 56.62 90.09

ey IL ISR ST TRC 2N e

I

5§ RSICCFormer # H , 4% 3C J5 7 7€ BLEU-4,
ROUGE-L #1 CIDEr I 43 5 #& 7+ 1 2. 86. 4. 66 Fl
23.55; 5 MCCFormer-D A Lt , 23 5l & 7+ T 4. 66,
5.35f1123. 58, H% F Diffusion-RSCC, A% 3C J7 1 B,
SRTE BLEU-1 ik 5. 45, {fH 7E BLEU-4 . ROUGE-L F
CIDEr 4354274 7 0.84.0. 12 F11. 39, %45 R
B, A SO % B AR AR B IR G DT e 5 T A5G $2 T 2s fa)
(L7 R S i 1 1 P A A S — Bk B P A
R

ZRG K F , DUBAL-CC 525 45 R W], AR ST
TEAN ) 18 AR A 5 T AT REAS DA B (1 A2 Al A
RE, BA — o B R AR 1S e o 3 U5 W BUIN ARy
TIE 3 5 B A% A5 2% 58 H D& AR Ak X ek Fn i 22 0 Xl
18, 225 5 22 SR A BE RS 8 9 XU A AR fL 56 R K08,
AT B v B R AE AN [R) B8 23 A1 T 1 A2 A4 iR PR B
[ i}, A 3C 7 ¥ 4E BLEU-1 45 %5 45K T Diffusion-
RSCC., 15 B A R /e 1r)31 )2 11 (%) 40067 5 VE FC 68 S5 A
dE— 2L B TH 23 (8], J5 25 0T 38 2 5 4 1 T R TR
I B R AL SO S i — A sz A PR -
3.3 EREEMEE

Ry 55 U T 45 B H A e AR b T A A AT 55 R
() S B BTk, A SCHE LEVIR-CC B0 42 T IT e i e
HIHF SR . SEH L RSICRC HEZRAE 4 Baseline, 7F
BEIERT 53500 ST AH AR IR 1 58 S W (BSCE) L 22
K R HHA BT (MRDC) UL} — % 44, LU br
AN [FREH A2 AL AR PERE B 5200

T34 T OREIBCE L B T A9 ml e g 25 A
Al LA H, AH EE Baseline, 5.0 i A BSCE & , BLEU-
1 .BLEU-4 .ROUGE-L HI CIDEr 43Il 1 79. 55.55. 76 ,
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Table 3 Ablation results under different module configu-

rations
Fk BLEU-1  BLEU-4 ROUGE-L CIDEr
Baseline 79.55 55.76 62.15 117.14
+BSCE 82.07 58.17 63.38 121.73
+MRDC 81.07 57.06 63.03 121.38
+MRDC+BSCE  83.62 60.22 64.94 128.58

T LT A B9 B e

62.15 F1 117. 14 # J+ &2 82.07. 58. 17, 63. 38 #l
121. 73, 15 BH BUERH AH 43R AIF 38 558 5 0 RE 0% A Rk Ak 5%
AL Ak DX 8l R B SO AE , DT 4R T AR AR A A
i

MM A MRDC Ji5 , BB M B[R] A 45 2142 71
BLEU-1. BLEU-4, ROUGE-L #1 CIDEr 43 % ik |
81.07.57.06.63.03 F1 121. 38, %45 B0, M4
TAUAGFE R AR 35, Z KR EFHE EY
B FE A3 b R UL AR AR AE 22 (0] A AR Ak 56 R, $8 st
BRI AR AiE LR IA g

Wk — 2 [F i 5] A BSCE A1 MRDC Ji5 , 15 71 B A5
B Pk € , BLEU-1 . BLEU-4 . ROUGE-L F CIDEr 43
W3k ) 83. 62.60. 22, 64. 94 1 128. 58, 5 Baseline
FHLL, S BEAAUTE PO IG5 b B o il T 4. 07 4. 46,
2.79 Fl 11. 44; 5 5 A BSCE 5 MRDC A Lt , 12
WG — 04T . Z A5 R, BSCE AT MRDC
A — 5 HAME: : BSCE M 8 7 2 57 AR i 184 5 XL
AHAREAE T, 2 Hh Qg DX sl R ) 590 4 38 38 ; MRDC )|
5 T A OC R 2 T AR AT 5 FRAE A TR . %
G555, RENSTE R AE 1 55 A1 56 Z8 A A A 2 1A 3[R
PR IR BE

25 b RIS B0 B T AR S vk OB
AR 1 50 5 W R 22 0 3R 22 Sl & oo i A bk .
T TG 2 BSCE 2R N R AiE 3 3 SR,
U I 4 2 SR B B AR AR I 5 A FE 1) a0k
— AT E ORI T H 5 MRDC W B R /E T, i
L e WAL (= O
3.4 BXRERTURMIE

Rt — o Hr 2 06 R R BT (MRDC) h
ANTR] 25 5 56 R I A ST TR, AR SCHEAS 51 AU AR
FEAE 3G 58 S W (BSCE) B 4514 T, X4 Xt 22 5% 3 R
& H AR ZARME =R RIATIRR LR, SR

Se LA B AU AR S5 46 FEAIE ) Pair-only 1F A HE il %
BRGSO RR— S R IT, I it — e BB
— RRIUG R, DIV [R OC & A5 BXT 42
A IR PERE AR

R4 SRRERTUFBIBER

Table 4 Decomposition results of different relation terms

in MRDC

ik BLEU-1 BLEU-4 ROUGE-L  CIDEr
Pair-only 81.59 57.87 62.60 119.57
Abs—only 82.31 58.85 63.41 122.94
Prod-only 83.31 60.07 63.93 123.88
Cos—only 81.02 55.81 62.27 119.61
W/o abs 82.36 58.66 63.38 123.21
W/o prod 82.35 58.60 63.45 123.18
W/o cos 82.31 58.89 63.36 123.29
Full MRDC 81.07 57.06 63.03 121.38

TE < L7 A Ay B 91 e DAL

FABW TARCRWBCE Ty SLmmas R, ml
VIFE 5 Pair-only A Hb , B0 5 | A 26 X6 2% 53 Fn3fe #1
2 H e R W R e TE . b, Abs-only Y
CIDEr i1 119. 57 427 & 122. 94, Vi WA 4 %} 22 F-fE %
AR R AL A Ry BB AR AR BE , X6 A% Ak DX sl SR AR
AR AEH o Prod-only BU45 T 83. 31 i BLEU-1,
60. 07 ) BLEU-4 . 63. 93 [#) ROUGE-L #i1 123. 88 1}
CIDEr, 7£ F— ¢ R WG h R I, R 5L
K 2R AERE AT -t 220 I OURREAFRRAE 22 1] Ay 5 ] o 7
LI OC R X AR A Rk HAT B8 BTk

1t Z F , Cos-only i BLEU-1, BLEU-4,
ROUGE-L #1 CIDEr 43 %] 7 81. 02, 55. 81, 62. 27 I
119. 61, %% {& F I $E IE Pair-only , H4 T* Abs-only Fl
Prod-only. X Ui BH A 5% AL AR S BLARBE IS MTE XL
— SOV A R 220 SRS AR AR IR DG 2R {H B R B
DL 3 3387840 7 1] AR AR B2 AT H AR 2 501 S5 A
AT AR B, PRI X e 2 A8 Ak A A 1 B Y 2 T
AR

LB B — G R IR Y SL I 45 KT, wlo abs \w/
o prod Fll w/o cos ) CIDEr 43531 A7 123. 21, 123. 18 Fll
123.29, ¥4 T Full MRDC %) 121. 38, X &£ WH7E A
I A BSCE 1F L T, B 428 43 ¢ R WUIFA —
E WA TR R AR OC R 5 B Z ] e A A —
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TORE T JEHIR AL 5C R AL SR LA FRAE S
filh b E S S5EGE, nTRES I A S5 AR X BT ¢
(81 SC— B30 10, DA TITRE W) 225G 2R i3 3008

ZEA kT MRDC HAS [R] 5 28 T %] A5 £k 4 78 1
REMI DT AN S —8, Horp RS B RAE R
T G 2R A rp e BB AL, s LIS A 22 57 6 R AR vp
(1) FE LA R 43 5 4% 25 57 00 R BB PR bR e iy A
AR BEAR 2 5 A SZ AR AR O 2R S feft FH Bsf o kA %o
HRR . ZRE U MRDC AR B | & R I
A B S MIE AR UE R RE et . PR, A7 B2 3 —
553 BT AU A AEAE 3 568 O W2 75 B A A3 22 O AR il
B TR (AN [ G 3R 50 2 [B) I BB A AL B
#MER . JE2E3. 57— 2018 BSCE 5 MRDC
WO ] 56 2R 00 22 ] B IR R 56 2R
3.5 BSCE 5MRDC # % X ZITHthE1E A L1

3.4 T EE AR AR R 5] KU AHRRAE 3 58 3R
% (BSCE) (15 5 T, MRDC Hr A 7] 96 22 750 %k 45 784 e
RE M DTRAEE 22 5, H S N2 X RIIHA —
TE BRI ACR . it —25 43 BSCE /& & g f% ek
HBZRRMAG R, ASCAET A BSCE (566t -, %F
MRDC HAS [R] 5 22 300 i 47 iy ) P FH 52 58 . B4 i
TN R 25 e e BAS BRI L AR LI B
Z 5 G RTMRE  IEE—L AT R BR A — S R I
Je WAL SR I, L5 UE AR [R] 5C 28 T 7E 1 5 Rp 1 i il
TR S HAMA

#&5 BSCES5MRDCH & XRIHEIEMALKLER
Table 5 Experimental results of the synergy between
BSCE and different relation terms in MRDC

Ji i BLEU-1 BLEU-4 ROUGE-L CIDEr
BSCE+Abs—only 82.03 58.61 63.49 124.08
BSCE+Prod-only ~ 81.07 57.75 63.15 122.82
BSCE+Cos-only 80.97 56.73 62.43 121.08
BSCE+w/o abs 82.89 58.30 62.93 121.50
BSCE+w/o prod 82.77 58.55 64.44 125.74
BSCE+w/o cos 83.07 60.51 64.44 127.69
BSCE+Full 83.62 60.22 64.94 128.58

TE UL B9 e (L

F 545 1 T BSCE 5 MRDC H A [f] 56 28 19 A4 B
FIVE LR 25 0 . ATRAE Y 7RG I AR O R I
)15 L T, BSCE+Abs-only HUfS T 82. 03 ) BLEU-1 .

58.61 [1) BLEU-4, 63. 49 /) ROUGE-L #l 124. 08 11
CIDEr, # (K L IAL T BSCE+Prod-only #l BSCE+Cos-
only X 156 B A 28 35 UL AH R AE 34 5 )5 | 4 X 25 5
K FR e 35 B4 Ml s W Jmy 3 AR A IR B2, X6 AR A IX s
RAEFNASAL A R A BEA A e Tk

HIHEZ F , BSCE+Prod-only #1 BSCE+Cos-only [
CIDEr 43 %] }y 122. 82 F1 121. 08, & T BSCE+Abs-
only, Z54 3. 4LEIAT LG B, R AAE H K RAEAR
51 A BSCE B Bt FE A5 R e &, i 7E BSCE 35 5 4
TEFEA LAl A FASE BT R U R4 2R . X3k
T, PR 5 2 e A8 AN ] G R A 1 ] O =X 2 DG
DX 5l F1 B Gl TE O gk e, B — T BAS HOR
F BRI B P AL U R e 7 A5 2, (HUME D) 52 e 1A AR
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(a)the scene is the same as before.
(b)a house has been built at the top.
(c)the scene is the same as before.

(a)a building appears at the top
and some trees disappear.

(b)a house is built at the top and
a house is built at the bottom.
(c)a house with a path to the
forest appears in the top left.

25, BHREAY £ FRA B RRARRTT E R
14, 22 T A4 T 43 54 RSICRC FAS SC 7 v 10 1 2

(a)a new house is built on the

(a)a road is replaced by a wider

lower-right. one.
(b)two houses are built along the (b)the scene is the same as before.
road. (c)a road is built to replace the

(c)a new house is built at the
bottom right corner.

original one.

B2 ML RIREAR AR At 1R 15 T ) T A X L4 SR

Fig. 2 Comparison of change captions and attention visualizations on typical samples
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