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MS-SwinCE: g4 % R E Swin Transformer 5
T P H5FIE 1 5 B 1 B RS 2 AL 48| @

gokit, 2 fé-?, ZRIK M, I
UTPERIRRE N L Ae 4B, 7T 530006)
WEEE: 25 &, E-mail: 40708970@qq.com
o E BRI AR S TT AT 5 U T A A rh R L S, AR, fﬂﬁﬁ/ﬁfﬂf#{ﬁmﬂl €1, fith
AT A S 2 REERL G J7 TAAAEAN R ZAb. AR SCHE H — Pl & 2 U Swin Transfornier. X} LUASFAIE 3 5o A5 40
(contrastive feature enhancement module, CFEM) 5 XU [ FF1iE 4 7 5 W 4% (bi-directional feature pyramid network,
BiFPN) A2 MY MS-SwinCE. 1245 8 H Ja) i & 1 AIAS LT 3 5 KRR O B B8 /), CFEM A S I3
22 2 M 75, BIFPN SE 3 2 RUBEAE SUEE R e Rl & . S50 45 R R W], MS-SwinCE 7E LEVIR-CD 44 |,
FHELT ChangeFormer, JoU $2F+ T 1.18%, F1ar 832+ T 0.70%, Precision $3&F+ T 0.32%, Recall 32F+ T 1.06%; 1E
WHU-CD ¥4 b, H% T BIT, loU 171 7 1.84%, F1 32803RTH T 1.06%, Precision 327+ 1 0.47%, Recall 37t 1
1.66%. LN, TEORIFRL S AG L I, T S0 g 31.66M, B AL 48 FEAE f1) ChangeFormer (41.03M), 75K &
5 R0 IA SEIL T R AU Y R SRS — AR IR IR T S AR AT R S P [ A

KRR B REMG A A I Swin Transformer; XF L AFAF I SR AR B 22 RS R FilEr 5 XA) 4RI 42 7 325 ) 2%

g A Rk, 222 2K Ik, 25 . MS-SwinCE: fil & £ R J¥ Swin Transformer -5 5% L RFAE 34 56 3% & R AR (AR TSR 428 F L2025,
34(12):67-74. http://www.c-s-a.org.cn/1003-3254/10022.html

MS-SwinCE: Remote Sensing Image Change Detection Integrating Multi-scale Swm
Transformer and Contrastive Feature Enhancement

ZHU Yong-Jin, LI Xi, LI Yong-Sheng, SU Xiang-Yue
(School of Artificial Intelligence, Guangxi Minzu University, Nanning 530006, China)

Abstract: Remote sensing image change detection plays a vital role in urban expansion and disaster monitoring.
However, existing methods still exhibit limitations in feature extraction capability, resistance to pseudo-change
interference, and multi-scale feature fusion. To-this end, this study proposes MS-SwinCE, a change detection model that
integrates multi-scale Swin Trar__;sformer; a contrastive feature enhancement module (CFEM), and a bi-directional feature
pyramid network (BiEPN). The model enhances long-range dependency modeling via the local window and shifted
mechanism, with CFEM accurately capturing change differences and suppressing noise, and BiFPN efficiently fusing
multi-scale semantic information. Experimental results demonstrate that MS-SwinCE outperforms ChangeFormer on the
LEVIR-CD dataset, with an improvement of 1.18% in loU, 0.70% in F'1 score, 0.32% in Precision, and 1.06% in Recall.
On the WHU-CD dataset, MS-SwinCE achieves an increase of 1.84% in loU, 1.06% in F'1 score, 0.47% in Precision, and
1.66% in Recall compared to BIT. Additionally, while maintaining high accuracy, MS-SwinCE has a parameter count of
31.66M, notably lower than ChangeFormer (41.03M) with similar accuracy. Thus, an effective balance between accuracy

and efficiency is achieved. Ablation studies further confirm the effectiveness and synergistic gain of each module.
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Key words: remote sensing image change detection; Swin Transformer; contrastive feature enhancement module (CFEM);

multi-scale feature fusion; bi-directional feature pyramid network (BiFPN)

K& AR LA (change detection, CD) J&@ it Xt H A
(7] INF A 228 2% AR DLR O R AR 4k, )iz B TR A
T I ek AR R IR SR, R RS
2 M 48 (convolutional neural network, CNN), 7E1%
1E5% S B35 i e, (R RBR TR S s2 7, DA
PERFEMAAN A JRE L, 5 Z BRI s 0,

1 BRI

Li Uit 22 RORE 25 0 45 g 48 o e 400 45 A8 4 fr)
B0, Yin ZEPIE— 35 5]\ A5 18] R 38 v 2 ML Shas i
BURFAE, $ AR AR BE, (5 H0) 52 44 1 S AT ek

Transformer 4 14 A H AL o E AR /1 0 25 KMl
7 WAL ChangeEorme‘r[S]%?EVﬁ% Transformer
Yt ay 5 E 2 2 BAHL (multi-layer perceptron, MLP)
fifE i &5 1K) Siamese 4244, A AR T 2 RIEAZWRHIE.
Noman 25 H 251 Transformer R $T R %
TRYNZRBEE RO, 7 38 AR A A W Hh Bk 1 B e B
WIHEAL A 2P, Swin Transformer! i@ i 5 35 & 1 E
HEE ISR, ERFEFE R R G987k
T ERERE /7. Zhang 25 H 2 B Bt Swin Transformer
orill X 2%, SEIAE S 5 4 R B Rl A, (H 2 F AL AR Ry
IE fil 55 0 75 4 6 7 T 75 A A A2 . Lin 250 H XA
FPN 2584 ARG JR i85 4 SR R AiE, o v SR IA R

BEAb, B B A 2] 50 Bl o ST SRS S N P T 22 A s |

TEASE ), Chen &5 H it L 451 2k LA SRERT e AR
FRIEZE ¢, A R T A X AR 4k, [Zﬁ,‘ﬁ%ku%ﬂﬁ‘é’ﬁ“’m].
ASCHR A —Fh%k T 2 RPE Swin Transformer 5%}
FCRFAE B SRS B (FEM) ()75 (6 T 7 MS-SwinCE,
S5 R 1 E R AL 2 ROBE SRR <8 - 1 Y 2%
(BiFPN), 53 = RURFAE Al & 4751 (1), CFEM s i
THELEE I AR RRAE 1) AR 52 ARABLE I 45 & NGB v = AL
il A B Ah AR, M TG vHE 38 2 AR A4 DX iR R IA
FEAM G S B S 76 A0 T AR A 1 R R R M R
. MS-SwinCE #JH 2 R & Swin Transformer 3458 |
KA A 2 A5 8 77, Swin Transformer J8 I /3 & H H
TRV SR AR, W9 72 B SO R
REMS A 2504 P 8 B RV b it R B AR B kA, 7R
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FRAESE BT 2, squeeze-and-excitation block (SE-
Block) 1 He it 4 5 °F 193t 46 2 2 Y 5 it kLR, i
BRI T KB LRI ik AE 1. SEBlock 93] A B
T P TR [RS8 2 6 G0 5 2R,/ 5 A5 70 s
HT MRS 11 B, 4R TR ORGSR L O
Wit BiFPN A & 2 X R4 (i, BiFPN i [ L1
T TG L 0 e T L T2 5D
il WL, Bl TR S A P AE AR, kB3R T
AR 725 DTN — Bk, o AR AN RN B bRk
17 T 2 T 5E .

2 Jiik
2.1 1REUMEEA

1 JBIR T AR AR R, F NN AR AT )
14, BT 35 3L T Swin Transformer FIZmigas . X Lb4r
fEIY SR (CFEM). XAl REE 4 7 55 I 24 (BiFPN)
AR AR 2. D285 4 DB, 55 1 M BoEd
patch embedding #£47 T K, 4 A Swin Transformer
block. J& 2/ B il it patch merging #H47 N KAEJGHEA
Swin Transformer block. Swin Trané’fm:'mer block | H &
BB 1 ML AR 2 RUBHFAF, J45 4 SEBlock
58 36 1 ) E’Jﬂﬁ%ﬁi’%f?, PETHRHIE R IS RE

CEEMBEHUE ok 75 2 4 22 531 5, S0 I 15
PIE SIS S8 E B e 75 [ e v S [ R (R,
T2 1o A8 A R U ) ek FEE AR 4 5T J R

BiFPN 5 Hi i XU [l {5 S i 20 e 2 il & 2 Ry
fiE, SEIURZ R 5 8 2 R SURFIE I BLAR, R AR
A 0 P v A e 2 ) T — B
2.2 Swin Transformer $5{Ei2ENES

2 JB78 T Swin Transformer block 4% 0o 45 #4).
Hi Ao ik, B eI 5 2 Bt s R
A RN R 2. W-MSA Ko L3 Z 1ML (window
attention mechanism), SW-MSA F/R# 8 & HER N
ML (shifted window attention mechanism). J&j & 1 H
R IVLHIE AT AT B AR AR A DG, FRAK T
WWHEERE, FNRE TG ONK E R UERE. Tk
P & 15 B A2 B, Swin Transformer i1 #2067 #:4F
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FEAFZ B o L, A DR AR 40 T 1 R RP AL BE AR K R, MK R R,

Swin Transformer i #s
H W H W H W H W
5] 4 3G "ERE g1C " 16°16°C: " 3°327G
=|E g E g & =\ E
o | 8 = = B}
= |0 o o o
2|5y SAER 5% 5|2
5|22 ElE2 ¥ ElE2 E|E2
- B e 5|
AT E g "’E = z gj Z = Z
AL, B
2 = : .
& 5 BiFPN (e
[agss
24 5] o0| 8 o] 2 2| 2
v A4 =l wm g 17 v A4
=] = o =° =2
S|& =l 3|s S|
Bignkg | Bl =2 =l <l
N [ X
Swin TransformerZf id #
A
g * K1 MS-SwinCE %514 &l
¥
i 4 »
5| < | = g
o — s a - o A =
" ft = | N # | | 8
i
EZ
i 4 I e
= Bl %) 5|
s O o1 .
i 2 fi 44: Z f
3

K2 Swin Transformer block é:uk“ﬁ\]

N7 P s R IE R R A B8 /), Swin Trans- | ﬁ%ﬁﬁ%!ﬁ‘ﬁ%@ﬁﬁ*E’%Eﬁ*ﬁ)"ﬁ%*ﬁ?éﬁﬁﬁ*ﬂ%@?
former block 5| N\ SEBlock #R, @it 4 F-Fiib A DX 3550 T AR AL P I B R, 38 3 AR s AR AR i
(global average pooling, GAP))T%W@%@J‘EE"J%%% AR A J R A B I8 2 22 S, R R A P O S AR A X I
B, b A manaE A R F HIYE ISR AIE 2825 £ [FIR), CFEM R H 45 &y = il

& (7 52 1G] 0 2R S i B sF R /_; .
2.3 FTEL4FEIETRAEIR (CFEM) X 35 [0 52 e B i S s A ik ik 1 3 JE R T CFEM AR B

o L 0 SO T % A
S I P R 54 2 BRI ) % AL AR AR AU T AR5 XU 8 7 A s B AR AL X
SRR Y FAA S

T B BURE UL 2 I A ERIBONL A1 8 5 N 178 55t
T, WP PO TR R B4,
FLCAR A X I8 DRI J= A Bl ) O 1 AR AR R AR,
REEAZAR 5 R B 5 JRIEAS < 1) M 7 S A 22

AW TR H ) CFEM DLAZAL R 5 B0 R AEAE A i
A, B 5l RZAHLE (cosine similarity, CosSim)
THIRLE TE YR T HRFEA Sk, ROZAHLE A Xy

. ' Fir 'Fi
2R, 5 B B T AR T AR CosSim(Fly, Figg) = — 2= B2 (o)
Yo L A SCHE T % LA B SR (CEEM). e[| Fpose| +
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Horh, e BERE LR P SAL FT PR 4R,
i AR AR, T LUKS #E 1l 912 22 P DX I PR 38 38 2 R I 22
Ft, U0 SR RE M. 3RO, R R A REAIE R

BICENMEIRAF AT R, B RIWIIR Z R, 256
9 2L I 1) R B AR UL, D IR 5 4 R R AIE R SR B BE 5
TR

| _REAUE

&)1 M BA+ReLU

N
%

TE R,

]
T

o AR

it i

post ™~ P

R,

K3 CFEM %’Zij@,%w \

HIHE 2% S RAE B 4R P Ik (GAP) R 1E,
5725 1) 24 P 46 9308 8 R 1 B, 9308 T B A
L ARG, 2 J5, B B (AT ReLU B
3 R H50RT R 16 S A R AR, A 4 2 )
B I B I A2 A B ALV T A, B
3 Softmax 5% — 1k BUE, B {738 1 2 1) f A R
S35 A,

9T 784 R 75 7 % A A X4 1 ek
WEHIUN 10 BT S E 4 AT AL, BSR4 R
FIRLIE 15745 Al Bl A AE RS (b HAE 72 G A 3, 1531
1A (1) B R, SR R R T AR X 3
[ 2505 8, A R T 15 S S T, T4
F 47 B4 I 2249 J7 7. CFEM BB 3o 20125 T B 4F
BT, Al B M S Y AR A, R 4R T &
S B IE L

2.4 WEHHES FEER (BIFPN) , -

fERE K B I, w2 B R R EA SR

AR

H L N #4% (top-down pathway)

e

i S L 1 A L B RO T 3 o 1 K TR 2 Y
SR AN R RS), T H 5 FPN (1 8 £ Bt
AT SHE L5 43 A0 7 5416 43 9 4 X, BiFPN 2
FAEGE FPN (I8 464, B4 A0 2 R SR &
fEA7, IE BT HARK AL 5. BB B 7E T3
AR 5 G ROUUE  JE, F645 4 & R
BUBLH, 3 200 38R [ 4 A D 1 13 B A T 548
SCFRIE . T R B R R AT (R
) 25 R 2 A 1 R 2 57, BAFPIN 3 e XU i
BSBLE AN B LT R B 2 4 M 5 4045 DU 4
DA 1R T E B TR A A i85 SL DA A K
RIHBA A (LB AR 4 25 22 A R, T R R
S 5eep H bR RBEAE 38 40 ) A R (B 4R h R AR AL
RSB R S BT (R %) 3R A6 SRR R, 32Tt
2 R AL E bR BRI ) 5 o . B 4 BR T
BiFPN [0 45 46 7% 15, . rhodiiy A P 20 00 0l 4 B 2
SR AR A5 A R

H R _E#%4% (bottom-up pathway)

Kl 4 BiFPN Hi2uiy
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i H AR SN A

AR5, BiFPN iliid H BT R (top-down) FITH
I (bottom-up) R[] B 4% S I AUE SR BN o
HERFRE ) T AR IS E B, K PR e M AR ad
B S B, I E5R 2 ROBE H bRt & s g Y. 14
—RbE T, MAFHEE RS 1] BRG—@E, /5
IR W] 4 B AT R 4R A, SRR G RS
INREER

[}, BIFPN 5 A B &R (adaptive weight-
ing mechanism), YA~ [F) R 1K ARFAE B 43 B0 AT 27 ST AL,

PLBRAL B R A5 B R TR, B EE 4N 2 sh 2 1 2,
Hah & AR r:
Fiused,i = w1 - Pi+wy - Piyy 3

Horr, wy Mlwy NEE— ERHEE RIAUE, PP 53 2
S 73 7% 2 H0 1 23 PR 2 IR RRAE T 12 WL A 8 5% HE O
A B, B R THEFE Al & 5 s R A .
2.5 GG R "

NPT AL R e g T A, ASTHE I
SR BLOIN T 2 R Bl 1 a7k, LR B AL KT B
. MERE . 00°IEk 50 AL ERAE. RN R R A
FEORFR EURTE L — SRR B, G288 K 7R
A (), fmm AN A SR AR IS R R .

R 25K H AdamW (Adam with weight decay)
AL, W4 I BB 131074, BRI T4 0.01
9SS P W SO AR, I N 2 T E R (poly-
nomial decay) %% > Z 1 B 3g, HIEAN:

t 0.9
cn:ao(l—i) )
Hordr, ag AWIUG 2 2D 2, 3R 4TI gREe IR, TSR |

WZREC L. >

FEA0 2 B EOR T 75 T, %}%Eﬁﬁi%’é%ﬂ%%@f%
REAHE S 2 57, ASSCHEIIALRE X5 2% (weighted cross-
entropy loss) 545 AUk (focal loss) HEAT HIAL L. 28
XA R R E T2 T A ST 5%, R T A
O AT S H SRS 2 (B 22 7, A R B B A 2 5] 1F
IR ), e SUA:

Leg(p,y) =—(y-log(p)+(1-y)-log(1=p))  (5)

o, p BRI TR () 1E A, y R AR 2E.

Focal loss 51 ANAE £l Ty LAFRAR 5 73 AL A X 451
REIE S, IR T 2RREA, HA 0N

Lrocal(pr) = —a; - (1= py)” -log(ps) (6)

Horb, a RN, FI T P IE 7SRRI, y i i
T (R3CHy =2), p = TR
LRE IS RIS, AU 40 K s EUE SON:

L=A-Lcg+(1-2) Lpocal @)

Horpr, A€ [0, 1] BRI H, 121 PR3 2K R
TTRREL . 12 45 SR 5 7E SRS f B .

3 SEIG AT
3.1 BEERESITN IR \ R

AT A FE A S R 1532 e A0 4
LEVIR-CD AIWHU-ED. LEVIR-CD 12, %; 637 %f 1024x
1024 ) e 73 H4 22 I 75245, 1R ol 12 RO 060 5 9 T 97
S e N IE BB R N IR TR A B, R UG A
WARBT N 256%256 HIEIMGHR, Jf4% 7:1:2 HIELHI R 90 9
RS, LMK, WHU-CD W i K& CARTE
) 256x256 G, BA F & 1) 28 8RS i
BN, T2 TR AL I VEAS, RIRER
7:1:2 W Lol A7 B a1 4

R4 THT PP AS B B 70 AR AR AT 45 R I M e, A
KH 5 DU FHIEA Fabn: SRR (overall accuracy,
OA). #EWIZ (Precision)~ A EIZ (Recall). F1 734
(F1) 122 I 1L (intersection over union, IoU). 3£ 4 2&
oy REE B HAE (true positive, FP)\%Tﬁi”IEE%iE%U
FIE SRR AR, BB (true negative, TN) AL IEHff
11 5 SRR [RAED (false positive, FP) His
1R A T 51 K REA K 611 (false negative,
FNY HREAL5 30 49 475 0 TF 20 A4

MARKEBE (0A4) 2 BT A 1 g F b IE 63 2R 0k
BT 5 B A, P T R B A BT RO b ) AR gy
Y E S N - /NS W R

TP+TN
OA= TPTTN+FPTFN ®

MR 2 (Precision) i & (1) /2 B AL 0N A R 2R IR
A, SERR A IE SR LEA, S TR R AR TR0 IE S
e, Hat JH A A:

TP
P IS1 = ————
recision = 00 )

AR (Recall) R 12 H L RENS IR U5 1
AT IESRPEA ML, e 1A TR I SR A [ 4 3R g
AR 8 SN WS
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TP
Recall = m (10)
S (F) SEHERR R AA [ 3R 1 AESA1E, 2
X 25 25 B PR Fa s, Hoat A KN:
Precision - Recall

Fl1=2. 11
Precision + Recall (11)

ALFFLE (ToU) & HI T B P X 38 5 SR L X

B S P B TR bR, 8 T VA A A I (R . et
RN WK
IoU=— 10 (12)
TP+FP+FN

32 GR5H5H

* 1 MK 2 R T ANFITTIEAE LEVIR F1 WHU-
CD i 4E I MEREXT LG, S2I0 45 R W, AR IETE
B fabs LRI m AR, B30 Tk AR e, 12
LEVIR #4f 4 b, A C7772:4H b ChangeFormer 1£ 04
F4RF T 0.06%, Precision H&Ft 0.32%, F1 $29F 0.70%,
Recall 3+ 1.06%, IoU #2T+ 1.18%, 3 FLH BIT J7i:
fE IoU E3ETHT 2.98%. 1£ WHU-CD ##54E I, AL
BIT J5i%, 04 $#2F+ 0.10%, Precision $£7t 0.47%, F1 $%
T+ 1.06%, Recall #£Tt 1.66%, IoU $ETt 1.84%. L4k
&, A J7EAE LEVIR Al WHU-CD ## % 3T
A J5 9, FEEAE IoU M F1 S5k br LEUS T &
FIRTE, Wk 7 HAE 2 R A A DT 55 v i) A
g . b, RE CRFFRUE RS B, AR SCTE S5
B4 31.66M, &Z KT ChangeFormer (41.03M), 7£ 1%
FRORBRERE 1 [F] I RN 1 R0 5 PR RE 2 18] 1) R 4~

LEVIR

WHU-CD

(a) Pre-change (b) Post-change (c) Label
img img

Z% 1 LEVIR ¥4 x5 5

OA  Precision F1 Recall IoU Parameters
(%) OO CORNCO) ™)
FC-EF"7 98.39 8691 83.40 80.17 71.53 1.35
FC-Siam-Dil'"” 98.67 89.53  86.31 83.31 75.92 1.35
FC-Siam-Conc!'” 98.69  91.99  83.69 76.77 71.96 1.55
DTCDSCN!'®) 98.77 88.53 87.67 86.83 78.05 41.04

Methods

BITY 98.92 89.24 89.31 89.37 80.68 12.4
ChangeFormer™ 99.04  92.05 90.40 88.80 82.48 41.03
Ours 99.10 92.37 91.10 89.86 83.66 31.66

TE: IR g R R R R AR

.

% 2 WHU-CD % dfadE t 3t 45 3
OA4 Precision F1 Recall IoU Parameters
‘l (%) ) (%) (%) (%) M)
FC-EF!”  98.05 8440 7831 73.04 6436 1.35
FC-Siam-Di!'”? 98.32 89.62 80.97 73.84 68.03 1.35

Methods. ‘

FC-Siam-Conc'” 98.50  86.90 83.95 81.19 72.34 1.55
DTCDSCN!'® 99.03 93.58 89.58 8591 81.13  41.04
BITH 99.10 9246 90.53 88.62 82.65 12.4
ChangeFormer™ 99.00  92.79  90.39 88.12 79.49  41.03
Ours 99.20 9293 91.59 90.28 84.49  31.66

T IR A R RS R AL

& 5 J A T 7R A 7 925 M8 A R T R 45 .
T LEVIR #¥54, 2837512 BE 5 v fff A 00 3 18 e 500
WD B IR T T WHU-CD $idie e, st
T M S B RG E, JR RK R K, AT BIT
Fl ChangeFormer #¢ 3 S48 M4 Tl 75, A% 37 15 5

AHEEAE LRI, A B0 TR TR, IR
w1 AR X g RO UE | AR

AN

(d) FC-EF (e) FC Slam (f) FC-Siam- (g) DTCDSCN  (h) BIT

(i) Change- (j) MS-SwinCE
Conc Former (Ours)

B'5 RREZETE LEVIR Fl WHU 0845 b 1728 4048 T 5 SRt bb

3.3 HRASELG
3 HE 6 R T S UG AR Y M g R A A A DU
ORI, SERERETY (Exp-1, Baseline) 7E 2% Tifg s L
FILIAR, 04 N 99.10%, F1 } 91.10%, IoU N 83.66%,
H RETHERA R 0 A2 A X 4. #2BR SEBlock #H (Exp-2)
J&, Precision Fl ToU 4y 5 F % 0.67% F1 0.77%, it B

72 R4i# ¥ System Construction

SEBlock f&A7 XU S AFAE I8 18 KA, $2 TS BRI 4075 4
R, 2Bk CEFM #iHk (Exp-3) I, Recall f1 F1 R
F% 5.02% £l 3.04%, loU [ % 78.66%, iE ] CEFM 7£%
JUBE AR Al R R SCAE BRI 1) SR A, 42T
T A E] ZeF0 5y 5E B BB BiFPN B (Exp-4) )5,
Precision Recall 1 IoU G FT T B%, %572 loU Jg />
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