1007-4619(2026)06-1792-15

T [6) 38 B R X R LA gy i = T i B R R 77 0k

e, MEN, AR, RWH, T3

L VG Tk K2 S SRR, V94 710072;
2. Vb Tl K2R E R T RR2A B, V528 710072

8 OE: b SRR R A% B AR AR UE TN M AR 5 1 S AR A AR, O RIS X 0 1 SO IR
WEFERM, SR 23 85 B A8 A 5 37 53 SR SO0 3 3ok IR T 52 B SCAS ARG I A 55 2 A DR 327 ) LAY T 5 5 58
SR, EAHEZRTEAE R BE 070 B 5 AR T s SAS B 1 AR UM i A, 7 — e A B B BR ) T R X 42
e SRR HE B RE ) o BEXIKIR R, A SCHR Y T O 51 S I 25 i [R] BT 19 2% SemSTNet  (Semantic—
guided Spatio—Temporal Collaborative Perception Network ), 1E%5 JEXUR AR I 25 22 B (A [R] I DLiE: SCHE AR R X s
BORGBRIR G . BARRUL, AT T X BRI 25 A 8 22 20 HTOU ) R L 34 ] 52 BURS o AR AR AR FLAC vl ad =4k
Oy TRRRING 23 A BEAR AL R I 5 HR, Beih 1 SO TR RS i 2 5 | AT SR S 28 InAL ], LAAYSX AR D)
J3E PET 3 A e SCAE e, G 3 ) A R e R SR A DO R i, BRSO e R
BUEE S, TERRE2s (8 2 d AR AR X 3 S — 8ok, §7 RAS AR AR X Sk Y S TR B . 7 2 N SRS
IR bRz SEB R, B AR 7 M A A T T AT O T A R ST R T SR ARSI T
RERE: BIREMR, MRE LT, 0 SCERN, mEE, 35S

HESES: TPI51/P2

IR FG, RES, L, RWW, T5H .2026. BB EUENNMNZTUHERMTE . BREFER,30(6): 1792-
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Jing W, Yan T X, Jin X L, Song B B and Wang Q. 2026. Spatiotemporal change collaborative perception method for
remote sensing semantic change detection. National Remote Sensing Bulletin, 30(6) : 1792-1806 [ DOI: 10.11834/jrs.
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15 =

AR, BE A 18 OB B i S kR
1 SR R A ARG DU S B T R e (Lei 55,
2022a; Radke %%, 2005; Ru%¥, 2021). Z4EAK
TEICFEVEAL . AR BE IR IR A L Ik R A N
Sh RS H i EEEH, © O R EE I
AT NG S o0 A ) OGS OR T B, SR, A
W B ZAE T R AR A BRI, 1 7E SE R
N, PSR B AN T BN AR Ak & A ) s FR A
B, BT ER I A A R E R . T
HIETEH Y K0 A AR . 2 5O
b H 2 REZ/N BB 2 22 g 5t
FLALE AR AL 5 i PR DR 2R 5 Y O A8 A e B AC

rim HEE: 2025-07-21; FEDZAR: 2026-03-30

21, ARG 5 i SO B T e R Bk
TiX — PRk, SRR I SCD  (Semantic
Change Detection) 2 ¥t il Ay 12 JER STkl ) A 5% 4
sl T RZ 2 E IR RGN SE (Caye Daudt 55,
2019; Ding%, 2022; Mou %, 2019; Yang%,
2022a; ZhaoZ%, 2022).

S g ny Z oo Ak AT 55 AH e (Du 45
2020; Wu%§, 2014; Zhang%§, 2020), i L7AEfk
R DU AN AL A I A8 Ak K A A s PR, B E
V%) 2 2 TR TR 1) 228 Ak DX I ) s ) 728 3 ) v A 7
ml, BRI AR A A S Hh ) i 0. BT, iR
SCAE AR AT 55 1 — 1> B e 5 S8 R A
BT A AR AR IS A Y 2 28 ) A FAE 55,
Caye S5 (2019) #2H A9 HRSCD.STR 145, SR,

EEWHE: HEARBAIES (45 :62471394,62301385,U21B2041) ; FH-IL Tl K2E 18 SCRIHTHE 4300 H (45 : CX2024108)
F—IEF/ N LS, 5T N IR R ER AP AR . E-mail: wei_adam@mail.nwpu.edu.cn
WISEE T LR W55 10l @ SR EUG AL B LA SE A =00 . E-mail: crabwq@gmail.com
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R A7 A B S A BRI e FR AN S ek AR . 10,
B 25 - b7 25 S AVECR A R, 27 g Y
HEOVA A B R BB K, BN THES
Ty i 22 2 51 430 X 4% T 75 A DI B A, 5
RN Rk T ERPRAR; ok, ARTELE
EHLHIR A, E6Z A BOER MR G S EN T,
TR AR A A A0 1) AU 500 Hh 2 > 1 58 A
17 A R A T2 i U AH R 18] (14 R J2 08 LB . 3
T ST AL 75 5 S BB R B A Ryl et i, IR
S 7 ) k FLA Tl A, DA 52 e ASE A 1) 77 £k e
AL BRI FH R o

YF R, R E TR SCD RS Mo £
14527 2] it 72 (Ding %8, 20225 Zhao %5, 2022;
Zheng %, 2022) . %7 %15 5 DOSU A &1 5 R
FHUR BE R AR SR BOR 48 22 55 BOF AR R T EH A2 b
Bl B, i FE R, 0 fR AR A T AR ik
XA o SO PR R, BRERGE A i
SCFAE S 2 T DA v A 2 S R A s S B R T o
NG FER (LvEE, 20225 YangZF, 2022b).
Yang %5 (2022b) 48 HAEXIFRZEA: M2, il ad 454
22 S AR B URRAE S B SRR Y R A S5 1)
Zheng 55 (2022) TEVIT 51 ATE B G it 25 2
B UL I IR G R, i L1 1% > i L
FRAE, B 5 8 1 Transformer A5 B M 1E SCHFAE Hp 27
ARAEERAE, IR LA WALRS (i3 B4 o Ding %
(2022) KEiF SCRHE 5 B 7 RRAE B A B0 R AR (LA
WP TT, 5 Ak s A P 5 B AR RS S — 2k, [\
ARF 35 T 451 2 PR ESCARE T A U 235 SR ) 0 SO B
JUEIF ST N BN 45 Tl £y B 418 BRURD 38 58 22 S R A0F
SR, VR B4 2 ARG 5 i A)h 3 BRI 1% E 9
BALZAMME S (AkigER . SHER) KA
SEARAL, W LA 2 A I 8 R ANAE G S o B AL
SR, PSR B R B XHIRZ 22 0 R AT B B
Ab PR B Sy SR R T R oy B AR
17 okt = 308 2ok fb 20 18 SCAR P E Bk 1 4R ML
¥ 218 R R B ARk oy S2h, S EE L)
FOMELAG . DR AR B0 AN B AR AR AR 5
T, R SURE M SR A e KA

BEXT LR IR, A SCHR N T3 L] S i i a3
DA 2 . 158, T AU AHARRAE T R H
HEMNNIMESER, M T 3T BN 32 9 6
5528 25 00 BN 25 AR RS IO A ——X T BRI
25 fiff 25 43 B S K] A R ) S R A

FROEEACHE, AR5 R 3D 2570 45 B L ) 25 4k 22
AR N 5 LV, A T SRR B8 3 2 AL
R it L — e SRR B2 AR R R L
A RIS 2 5T B DV A I R HERS s f )i
Bt TR SO Rk, il i S5 B X E
) M, S SRR S (8] B AR AL T BERE, SR
SCIEN AR e 5 5 I 1 2 i i) DR TR AL, J 3%
RIS, DUy
oG 0 A S AR U SO A I R 4 s kT A Y
PRI %

2 EWSMIFTE IR

21 Z—{ETREN

S ) AR A0 ARG I A 5T 32 AR T AL By
WEES#) (ZhuZs, 2022a) . FEA2E50HT (Javed
4, 2020) FEMEAREL (Yang %, 2022a), J54r
FAR ARG A ok L6y o T TR R RRAE R
U Bof A e R R P AR b X s, SR, X
BAEFRER IR ) LAEAE B W RBR, XE LA SN
X 1R R G A AR Ak BIRAS S TR &
) e TE S AR ALK AT 55 b, A5 58 7 ik TR
N s RNk A A SOy TR B H I AN 2

FENRAE (2020) £ X 4r =5 SAR AR £
FR) R 0 1738 ARG 5 1 D-GKIT, A Rf@vke 71 %
A A N B S R A ER 2 R, IR
UCTE SAR Bt B sc Bl T AR (B R AU X 4y . B2 18
R R SR EEIRARWE R, ETIR
JEE i 25 0 246 118 A A A Iy 32 i R Ol R . X
735 30 3k v B i (Y R AR 27 2T, RS TR) A 4R BTG )2
WA [N 5 &2 00E LR (WIELEE 4%, 2023;
Chi%§, 2023; HeZ%, 2016; JingF, 2023; LinZ,
2024; Liu%s, 2025b; Luo%F, 2023). M4
FIFREERE, N5 o SR S S

1 G819 Ji 43 2 A8 AR I Ty 30 38 7 S 3ok AN [ e
A3 JEEAR 40 W BEAT £ b 78 35 70 S aliE L),
PR oL SN R A A N—2" AR,
MNITARAR AT 1 X LRSS B Serra®F (2003)
FIAAFL AR (MSS 5 TM) $di It 8 5 73 2548
PRI, A 2RRE B . e R AR L P
FE ARG BE VGO R S RS0 T Ja 325 1
BEmERIE, T —ERE2EEEE 2K
AR Al K I ] A B B AE AR o Garcia—Aguirre 4§
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(2005) B XT 55 V5 B VH R ER IR ARAR, T 20
AP G R AT 5 o BT BRI, VP A
T 1973 4E—1989 4E (14 16 4F [0) AR AT 5 A2 b S AR
A, RS20 NIRAR B HE A B A
SRR AL I I i B #A . FE R |
Wud§ (2017) 4@ KR AR RRIE 23 A7 55 D7 4%
filE AR G S 3 AR A TUAE 2R, 3 i 1 57 53
KAALLRIMEAR . FFH ISFA $EBGE LA HER ],
IEAE DU B T Bl G 2R IR 58, A
W TGS o 2807 s i 43 251 22 R AR A IR
(e R Gl A S K PR 11 3 =l e E
515 AR RS 2 RS R A 1) BT 7K

By SCHESR F R R A SR, 7 B A
W28 Z Jif, 38 2ok G 28 43 spR 42 7 2O XU AR
GUEAT AL EE . B4, SunZF (2022) KPR
ConvLSTM 5 U-Net &5, F R 2 &R
JUBE 25 [BRRAE SO o 2] g (1) 22 ARG 5 Lin 45
(2023) fESATELE 5k, $21 T P2V-CD A,
N LT AR L5 14 225 ) RIS (i) 2 3 i R A

FHILZS, WS4 (Can Al 284 [ 4% )
U] 3 30 DA AR A G b 7 B BURAAE . JF R Je 2k
o Bt e AT FRAE Rl A (Liu 5%, 2025a; Zhangfff,
2020) . Zhang % (2020) #EH T —ANTREEWEHH
ZE 5N M 4, BE IR IR RRIE S 22 0 RRIE . AL
Tt T AL BRI B3t . Z280E T CNN Yy
VE U JRy A (A A, ] 1 LGSAANet (Lei 55,
2022b) GIAT R FIE R, AR
FREEBI/NZEI K F; FCCDN (Chen 5§,
2022) RVFHIE G FIE S RERHIE

1Ml Transformer #5578 W) 38 i {13 & S HLH], &=
% 7 CNN & 57 B 57 FR 49 5 FR . Bandara I Patel
(2022) H4% T 43 )2 Transformer 2244, LIRS 21 #2458
£ RFZ B E . DiFormer (Lin%, 2024) WiE
w51 A token 22 AL, WL HIRSHE RZ
[ EZE R . A (2025) $HTHY MFTSNet
P TR il 25 A 45 K4 RN Transformer 45 B 41 A6 45 1iE
FIFHEZ CNN 046 2857 L J AR ARG 25 5

ST R OO WA R, B I A
T RHEEARS . Ee, RO LG A B
FETEJR BR o CNN A2 BR T [ 5 45 B RN, ME LU
4R B SCfE R 5 1 Transformer 5598 4 AR K
PR RS, (0 5 Z 0 token YRS 25 0] J&3Z Y5 1
FEUEMD R RIKGEIIA R (Lin 5, 2024); H

U, BUARHIE Rl & SR WS 1 B 2 58— 1 R R A
4, ACAHNet (Zhang%%, 2023) >k A Gl
g, 5l AGE SCE LI E L BERRIE ; MDAFormer
(Zhu %, 2023) Wi 2 2 2 Transformer 5 3 X
XU AR IE A TR G o

22 EXTEN

&5t 1) AR 72 AAS I T AN RE E 1 A2 AR IX I
ToiEFH C—F" 18 WL, JoRk i R TR )=
T AR R IR T K . AL, Caye Daudt 55 (2019)
H AR ARSI T 1 A8 53 FIT 55 F A g 22851 43 )
[, SR, X —SRMEaok 12 8Pk —2
2Nz Y, BRI SR W, — 2
XA B 0 5 oK 2 e T

JE SRR AR T A AR ARSI 5 1 Sy EI A
ZE AR NHELL , HE— D4R T T AT MERE, B
Jr R R 2 24548, 43 BB BGE SCRHIE 5728 1k
FRIE, BLA 4 E M4 FCN  (Fully Convolutional
Networks) 5 XU 5484y . Hrr, 18 L3 HIEh
R alllE 7 S o o s SN (T = ety R ES D I A A
AR X, fe 40 S A B AR G E AR AL A
(Caye Daudt %5, 2019),

TEMCEEA b, Yang 55 (2022a) 4 i —FEXS
FREFAE 2%, I A AR DL TR SR E 7
AEJI o Zheng 5% (2022) M T —>if ORI 4t
ar, W TEBHE LBAMERLER, IFGIA
Transformer £ 8 42 B2 fL 3R 7, R BF R FH GE 0 Ak
HARZ @t W4 K . Ding % (2022) W58 i il
G SCE B RAE, DTS 5 s E) N Ah i L —
etk BT E R sR A AT SCHM R

AR T — sk, AR R KE I SCD
(Semantic Change Detection) /3T I 2 ] AH AL 14
. BNZEFHRT MR, SEOREIZHEL .
M, ZRERERLS C RO F T &
HPCFNet 2 2545 CNN 2%, R 40 )2 2 R il
BN, LI T 2R (Lei 55, 2021);
KGLPD A [ 3 W 6 BE B HBILE] , Ao A e g
SN A, T o r iy R C R (Zha
45, 2022b) 5l; Y-Net Fl F XU 99 £ 42 OB AH
FRAE, 38 2 4 RO Bk R 2 e 2 )2 AR L A
(Wang %, 2022). IbAh, ZERYE (2025) #iH
TR O Bk Y B AR A A D
J7ik, L ZEA: CNN 5 Transformer A HLGE 5,
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ST AR AR S R AN U RAE S ) 5 2 0 2 T Y
FEXITE. MERE (2024) $EH T —FHIC N XS
FRAZALAS I ) 45 SCDN  (Symmetric Change Detection
Network ) , 6225248 FN SAR 524G I 21 357 AL [R]—
FfiE s (0] USRS ICE AR B, FIH SR 2 U Ak
X 3 If XA fE 28 5] . Wang 55 (2024a) £ T
SiamContrast, ZJ7 5| A MBS H oz S HESE
5 R ) HA I 2 A2 P H A g 9t i )RR AT
DA 2 o0 B IR b th T8 22 5 R B s
SCRFN A, Tang 55 (2024) #EH T ClearSCD 5
B, RS T SCHGSR AT b7 2] 5 AU AR T SC
RIRAH ML, SEB T 1 Lo H1 5 28R AT 55 1Y
HE, WS TR SRR I AR
SR BRI A BARTE T i SRR 2, 7R
Iy O R RS T, RAR A3 7 AR IR PF 42 |
AR R 2270 o 4k BUR KR AGRAE IS W] 22 5%, JF
A X 20 1 U R R A A S 4 8 RN S TR 4E i
B A B s DG H & ) B Transformer 45
P A, 3 2 M0 T S AR P Y 2 T AR

it 2%
i

3DARE

R X VN

; HHE
ETE O T N

oS BRI 2 A 2

i 2%

i
BEAES X
AT il

il

5

53]
- e >
Bt Es

S B B R 080 Ak 3o 1K B I 1 20 AR
B P, 7EFL . IR L5 ST H A
AR 2GR T REFTEE S Bk
S AR i S, X LA T 4 XL AT
AL BT E N I, A L e — R
FIGEALHLA , B 5 1 — A5 B 515 X
AR AT R . Rt M 4 SR B
A, RS A 5 AR A IR AL,
ST S ALK MBFSE 0 P AR Lt SR AT
58 TAERIREL B
3 WHETIE

A SCH R G W A T X B 2 B R
KRR B, AR A% O AL 5 T A
HUR . W0 BRI GET S B 2 S
MM I 5T SRR BN 25 A 8 AL 9 22 43 45 A 412
ERURSE B ] T OB 22 A0 0T L LA i ST 45
il AR 2 FH T A 2 463 2% 5 A A A S %
T 2L A X I8

.

L & 5 R K
v

K1 SemSTNet /& AL 44)
Fig. 1 Overall architecture of SemSTNet

3.1 EXE|SRIE =1 E A M 4 52

TR, ASSCHR H AR 38 SRR A I ) 28 SR
FHRUES AH 38 % E G E i A, AR R 3R 9 X
75 Ak 25 R ) 551 235 SR g ) B A RS 20 Ak AR Ak
Bit . BEARRUEL, SR A ZEA: Transformer 1E 4 15 dn
b, 12 I 48 48 DA RS AR IR b il 42 v 2 40 )0
FRIZIE XAFE, SERRE B4 T BRI 25

fiE o SRJF, 0 B Y X BRI 2 At 1 22 43 B e A
bR b i AR IR ) 25 S AE R . Bkt
BARXWT

X0 = X,0X,, (1)
o, X OB A 22 SARRE X, RX, 43 3k ok B
XU AR PG B 2 B A, © 26718 W) R IR 253 fige 3 22
BEER . TEHRECZE SRR FET, SR RS X
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FEAE I 254 2k 1 2 i I 24 1) 22 R R AE 3 3 R AR
L IE WSS RIS N TR)ZTE SRR IE X, I X, i
H SCRAE ML A FE SRR ATF
X =K, (I K, (U(X)) )
A, K, BEREER, TRRPHERE, UF
7~ PR FERAE
R, Wik X%*#?E’ﬁﬁidﬂ%%ﬂ)zﬁﬁiﬁﬁm
SCTRIN 2 Ay HH U A SR 45 R i
—%, AT x%%ﬁi‘ﬁﬁpgﬁﬂcibﬁﬂﬁ'jz
EERIR, B X, X, WA B IE TR A
e, VERIE R S 2% B RRIE X, AT IR E
W]E%:
Xjo=G( X, Xy X20) (3)
A, CRRE XA G S ES . E R )E

Ll

BB SURAE % X,

5T, ok E Rt R 2% i 22 ROBERRAE 7 ST ot
IR TR SCERAL M 2% R AT 22 RS Rl 45 )45 U AR AR
TEX, FI X, SRIG N T e HE XU AR Y 52 B
XL Ji) FEAE AR 2 5k T 2 Rl A5 £ iU Scale—Shift #l
] Xof XU AHAFAE FEAT XS BRI ], 3d 4 Sigmoid I‘?
PP R AR 1Y SRR BE L S BUARAE A% [h) B X 4 1
M o g ACRRAE T8 i %FW%HHLM&@JJ#%VE
Split™” A= BUf I 24K
a,B = Split” (M (X)) 4)
A, o F B3 3l Fe 7 X e A P A T 4 TR AP 7S 1Y
S8 ROk, RITARREELX, (9 45 5O T- 3 240
XPRFIE X AT R -
X, =X, - (1 +o(e,)) +B, 6))
N T ARSE XS BRI, [R)RE 9 i o et ] TR
P X, DA A6 368 3 24 B b S L) . X R B R AR
HRHE . bR R AR TR A AR AR

4 22 SRR AIE X 18 3o 728 A0 T )2 72
AR T JZ [ RE S BUZ A B

3.2 XFRE SR E R

N T BETEE SO AAS I v 22 SRR AT B 53
BN, A SR X BRI 25 A 3 22 3 R SSDM
(Symmetric spatiotemporal demodulation differential
module) o W 2 7R, ZHBEH R b 23 A e 00
FEIT” M A2 SRR T” PIER M
#3083 XL o) R A A ) S 20T 5 B AR 1 SRR AR
ORA AT BRI F R R s 5 25 76 X0 5% IS O RRAIE
RIS PR RRAE R, IR rhe 2200 B AR AE RS
23 YRR G L, DU SRR MR T AL L v A A o 22
S, “HWEEM, 225 T i H sk
T SO A PR W) 17 5 JRE 400 il 1 S DA AR Ak
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Fig. 2 Symmetric spatiotemporal demodulation differential module
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25K . SR, FERRAR 3 E Y ElA R AR AR A B[]
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MO FAEE P R BT A AL o el R AR R 4 5
FilS A BT FI IR Y 22 5 3R AL . I A5 4 1 i XL
[ o iR DR R AR T SC— B0, [R] A ] = 2
BRUHARTRIE I 23 SC 1, AR i) O 22 1 53 56
FLSE SOBAR AR M) P37 558

Zi L, SSDMidid “Xja)if2s i i 5% i
XU R (6] ) 3D 2%, i 28 S AR 4 H
BATE” TEZRI PR AR AL b )T e 22 23 2 B 3R
TR I 23 SEHR 5 A o 2 S A X, DT A 2804 o] Oy

ARl Basm HSE R LR N R, S AR LR
TSP B i n] 5 1) 25 5 e 0 .
33 EBXNIERERADES

W T B A i 15 2% SGFD  (Semantic Gated
Fusion Decoder) & 758 i H & M il A 22 S AR IE S
B SCHIRIPERRAE , 3850 A8 A K IUAT: 55 A A R 1E )
A WE 3 PR, HDIZE SRR RO A 2 0
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Fig. 3 Semantic gated Fusion Decoder
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CENOiS o O ol NI PN S 3L S R P

Xig = aOX 0 + (1 - )OS, (11)

Arf, O FREE) FEMZEICEFL.
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MR 22 . TR R R AT 55 b, A T e A
A AE A DX DX o3, T 220 1 A A A X
W SCRFIE R — B2 . Ak, o T35 A 2Rtk
IR ZAS AN S Al ) 5, 5 8 25 B F 4 3 2 1k 41
B E E B R G . R BIRE, AL
S — ol 3 TR LU A o A9 B KRR R CCL
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Kb, MBTRERBE, p RN R R
o WA, TR SO R R IR R, R
BEKATUREA (CEALIXI) , BORARAS AL X IAH
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Y5, 1694 X TR . 455K EIMG 5 5 B %k 512
51214%, HHRGB3MEIAIRIAM AL, 25 M aPR
TERSFR 0.5—3.0 mo BHRET IR R 72
£ w1 7 NI 3591 £ 3N O NN =547/ I 2 78 |

AR, (HAEENE, 61.2% MIRRE T Ik
I, 29.9% & THL, HRZNIRE HLBI<5%.
HH T 2800 40 A v BE NS Al, LSRR B AR Y
ZAkhE

JL—1 55040 4 2 e T /2 A T 1) 5 8 5090 4
gk A HM— S TR . B 6000 5K EFIHZ,
Hrfr 4000 5K T4, 2000 3K F T4k, 455K 141
BRI R/ 256x256 1822, [R5 RGB 34l
B, 2P AR K 0.75 m. 5 SECOND ¥
AR, T B A S A EUR IR L T 94 “M—
N7 RARIBRZ, LLFRIR A ] 22 AR AL .
X BB AR A AT A0 E A —E % . A FH— R bR/
e —A . A —HoAlh . TEE—ARH | FRA
JR—AH . EST—R W HAthgk BRI TEAR TR X 35
FENNGRZ R, XS bR 25 1k % Ak 5 SECOND %4
B X —IFRS
42 FMIERR

ASCRHAEAEIF L (mloU) | Separated Kappa
(SeK) ZEAMF143%0 (F1) 3 R85 E AL IH
SRR ALY E o

FIRE I (mloU) AR Ak X AR AR Ak X
Wzt (oU) MF3ME . ZIF (ToU)
SO 25 5 SR B SE (ground truth) Z [B] Y
TEGIHEM I, HitEAXnT .

mloU = (IoU, + ToU,) x 0.5 (16)
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SeK = e " (p - 0)/(1 - 7) (17)
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Image Label BISR CDSC ~ DAUDT3  DAUDT4  SSEN
[ ERE N #+ I [EZES s
K4 A[EJrikAE SECOND Hdlidl 3 U A b i SCBAR G 45 2R

Fig. 4 Semantic change detection results of different methods on the SECOND dataset
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Table 1 Quantitative results comparison between the proposed model and seven other models on SECOND

LAY ZHE/M mloU/% SeK/% F1/% FLOPs/G I BRASF (1] /ms HAE/MB
HRSCD.str3 12.77 63.34 8.27 48.54 42.94 42.95 180.83
HRSCD.str4 13.71 69.47 15.48 55.61 43.97 44.88 253.62

SSESN 51.31 71.26 20.45 61.58 280.14 36.91 605.72
HGINet 27.70 71.69 21.66 62.70 50.64 62.79 238.46
Bi-SRNet 23.38 72.65 21.91 62.01 190.30 21.38 377.80
MambaSCD 97.03 73.12 21.83 54.93 211.55 105.76 1104.46
Cdsc 38.60 73.32 23.52 63.70 134.80 258.74 482.90
SemSTNet(Ours) 27.85 73.62 24.19 64.27 87.14 227.22 424.17
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Image Label BISR CDSC DAUDT3 DAUDT4 SSEN  ChangeMamba HGINet Ours
C 1 ez N woe I i I b N @5 e
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Fig. 5 Semantic change detection results of different methods on the JL1 dataset

R2 ARHRBESHA7MEIEJL1 LHEEERILL

Table 2 Quantitative results comparison between the proposed model and seven other models on JL1

TR SR/ mloU/% SeK/% F1/% FLOPs/G HEFLE ] /ms AF/MB
HRSCD.str3 12.77 63.87 10.6 51.94 10.74 42.91 84.20
HRSCD.str4 13.71 64.86 10.54 51.74 10.99 45.66 142.06

SSESN 51.31 67.92 20.30 62.67 69.67 20.62 310.08
Bi-SRNet 23.38 81.03 45.39 81.39 47.54 15.68 118.04
HGINet 27.70 85.40 56.77 87.40 12.65 43.29 146.52
MambaSCD 97.03 86.44 58.85 86.62 52.89 73.07 561.77
cdsc 38.60 85.10 55.89 86.98 33.70 53.14 234.44
SemSTNet(Ours) 27.85 86.51 59.02 88.01 21.79 47.92 185.4

T BRI RIS

T VAR 4 AR R A O pR RO TR AR AL PEF, L4 BRI fE SECOND 30 #2 48 s dl 7
K i 52, AW 98 6 ] SECOND i £ k47 T 70.60% Bt mIoU F119.09% ) SeK .

— RO RS . X RG4S T %3 SECOND #iE & &8l R In 45 R 3T 1L

e BEVE £ B 4 e BRI, DR i b3 b, Table 3 Ablation study results of different modules on
ZESLANGE 3T, ) LB 2 A RN 2L 0 p b g the SECOND dataset

N I " . SSDM SGFD CCL mloU/% SeK/% F1/%
A, FRAIPEREANTER & 20,60 10.00 T
(1) HFesk. LML %5 SemSTNet #H [7] 1 J 72.45 21.73 61.96
T AR TR R Coo, pe me o
A AHE R AIARAR I, A i SSDM fR B 45 22 N J 72.81 2276 63.03
SUEE, AN, HDC RS S HERR e AN . (i 52 ; ! j 7284 2259 6310
. 72.81 22.58 63.07

S B T SER B PR EE . fEIX AR T N R A R TSR e
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(2) SSDM FEHAIAT RN : N 1 3G 5 AR B fisf
23 AR URPE D) N SSDM A, 2R H 3 1o 1) 1
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Fig. 6 Grad—CAM visualisation examples of the SSDM module
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Abstract: Semantic Change Detection (SCD) aims to accurately identify complex land cover changes and simultaneously determine their
corresponding semantic categories from bitemporal remote sensing images. Existing methods typically employ separate change localization
and semantic recognition branches to accomplish SCD tasks. However, these frameworks often fail to fully integrate and leverage semantic
information to guide the change detection process, which reduces their robustness in complex scenarios, seasonal and illumination
variations, and multiscale small-target changes. To address this limitation, this study proposes a Semantic-guided Spatio-Temporal
Collaborative Perception Network (SemSTNet) that incorporates semantic guidance into the precise identification of change regions while
considering spatiotemporal interactions of bitemporal features.

The proposed SemSTNet consists of three key components. First, a symmetric spatiotemporal demodulation differential module
(SSDM) is constructed. It employs bidirectional feature modulation to achieve cross-temporal feature mutual calibration and explicitly
model intrinsic spatiotemporal difference patterns using 3D central difference convolution, thereby extracting discriminative difference
features from bitemporal images. Second, a Semantic Gated Fusion Decoder (SGFD), which introduces a semantic similarity dynamic
weighting mechanism, is designed. It generates semantic priors through cosine similarity maps and enhances the saliency representation of
genuine change regions via adaptive gated fusion. Third, a Contrastive Change Loss (CCL) is proposed to construct dual supervision signals.
It constrains the semantic consistency of unchanged regions in the feature space and enlarges the interclass distance between changed and
unchanged regions through margin-based contrastive learning.

Extensive experiments are conducted on two SCD datasets: the SECOND dataset and the JL1 dataset. On the SECOND dataset,
SemSTNet achieves the best performance with an mloU of 73.62%, a separated kappa (SeK) of 24.19%, and an F1 score of 64.27%,
surpassing the second-best method CdSC by 0.30%, 0.67%, and 0.57%, respectively, while maintaining lower parameter count (27.85 M vs.
38.6 M) and reduced memory consumption (424.17 MB vs. 482.9 MB). On the JL1 dataset, SemSTNet again achieves the highest scores
across all metrics, with an mloU of 86.51%, a SeK of 59.02%, and an F1 of 88.01%, demonstrating strong robustness against complex
seasonal spectral variations. Ablation studies on the SECOND dataset confirm the effectiveness of each proposed component, with the full
model improving mloU from 70.60% to 73.62% and SeK from 19.09% to 24.19% over the baseline.

The proposed SemSTNet effectively breaks the conventional separation between change detection and semantic recognition by
establishing a collaborative optimization mechanism among SSDM, SGFD, and CCL. Experimental results on multiple public datasets
validate the superiority of the proposed method in change localization accuracy and semantic recognition consistency, particularly in
scenarios with frequent land cover type transitions and significant scale variations. Future work will focus on exploring lightweight
collaborative architectures and incorporating multimodal remote sensing data to further enhance practical applicability.

Key words: remote sensing images, land cover change, semantic change detection, spatio-temporal collaboration, semantic guidance
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