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Improvement of High-resolution Remote Sensing Image Change Detection Model Based on
SeMask Backbone Network

CHEN Hai-Wen, WANG Lu, XU Zhong-Rong, CUI Lu-Lu, LUO Wei
(Department of Computer Technology and Application, Qinghai University, Xining 810016, China)

Abstract: As urbanization accelerates and the population continuously increases, the utilization and management of land
resources have become increasingly important. The development of high—resolution remote sensing technology provides a
new approach for detecting land cover changes: Currently, most remote sensing image change detection tasks mainly
focus on detecting significant changes in buildings, and there is a lack of research on detecting changes in land cover
categories. In this study, basec\i on a'public dataset, more land cover change scenarios are annotated. Combining the
original semantic segrpentaﬁoﬁ backbone network with a Siamese network structure, this study proposes a detection
model suitable for tasks of detecting changes in land cover categories. The model incorporates a change guidance module
in the feature extraction stage to assist the network in focusing on change information in the two temporal images. A
channel information interaction module is added at different stages of the network to enhance the fusion of information
from different feature maps. Additionally, a feature alignment module is added to the last layer of the feature extraction
stage to alleviate feature offset caused by downsampling. Experimental results on a dataset of detecting changes in land
cover categories demonstrate that the proposed method can effectively extract change information from the image and

improve the segmentation accuracy.

O FETH: 2021 FFEFHEE BT AR S5 S HF 54 (2021-21-952Q)
AR N ] 2023-05-07; 45 B [H]: 2023-06-06; 5K FH I [A]: 2023-06-26; csa 748 H AR [H]: 2023-09-15
CNKI [ %% & K I []: 2023-09-19

System Construction R4 % 167

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/9304.html

it E RGN

http://www.c-s-a.org.cn

2023 4F #5324 111

Key words: deep learning; remote sensing image; change detection; Transformer

It 5 T A R R I s RN TR S W 8 A, 3
GRS AR AV BEAR A A B L. Horh, 8 o Y
AR b B RS BN IR B R B L [ 2 —,
LA 2 7 6 SR A AR, AATTRT DU 4 T i 1 3t
BRI A 15 DURIA ST AR A K R J e 5. SR, A% e 1Y)
U i S AR A N T VA R ER N KB IR
03, I HAFAEB NG AR RCRARSE R o 73 W 0 18 K
SR BOR Ay -0 s A A IR Bt 18 i 4.

H 15 7 R IR AR RT USRI SO A0 B Hh R
15 2, BEIEAE T2 L F T3 Bl A A5 B e =),

FEROMEAE S, Al AR P Y S5 i 2 4000 AT

I3 B 7 0 MO S B ARSI SRR A
o R FE 3 B o R[N T B R 2 8 B
AT 52 H 4 DT O 2 M 2 (o 7
B B LA R LA T — BRI
B, T 26 KT 1 TR 2 B R R
PEo P A%, S5 R H 8 2 2
{4 BRI S5 4047, T DL BB IS UBR B 1, —
AR G S, M A R T LA
I MR PR e S, R
Y3 4 A T L T R 5 R A
5, R T 5 7 T R Rl A [ i,
T G M0 T 2 S AR IR A K 2 R A
AR A I X

1 R AR - A o AR A I B 3 AN PR

PR TRAL B 22 5 P A R 22 0 B oy . MR Ak
FEARFEEBEM., JUEHRIE. KEHIE. R
SRR AL GUNLAR S 2] T VAT S P A A A
(RS, R R TR R 35, B
U S SRR, 25 B M 7 R A R R
HL (support vector machine)™ F1 D1 H-H k¥ £& 43 24 i
RUUO 25 T GoHL B8 2 S AR LA 7 v 2 S AR
AN 23 BT A2 ST [ S 4 AR, = B B TAE s
2, T HEE A PR R s 1 22 5 1, A R 3 B
(R SRR AIE, AT T4 A A A IDKS B

B o R 2 2 A R I, AR AR AT 45 HE N
R I B AN R e 4 — D i B v RS 2, T AL A
DIFAE, (5] sT fe 0% 42 B IR 2 1 U R AGE, A R A

168 Z%i % # System Construction

DA FE R .

PR IR AL BT MAT 55 2 — Fh — 7018 X BT 55,
T8 3ok R — b SO AR RSB ARAE, o> B AR L S
KA. V5 2 22 AE TR S5 H) 3T ) 2% B i
b P R S AR R AR R AT SR AN, R I 2 MR AR R A T
256 AR % Daudt 25 AUNE Vol 4% B 1
22 0 4% 57 FE 2 A5 40K AT 55 6 HPHE R B B 53 5 46
FE G e B AR A 0 4 T 20 95 W 1 0
SRHLM 2% 5 S8 5 R BRI, 78 LSRR
ER ) B P B 1R 7 B P2 9 b SRRE R
fIE Bt 22 B e otE b SRAE W R0 7 2, BF5E T BA B LR
RFEM 4 EEHTE OSCD $idi 41 1 AC Hag 41 o
5> )2 . STA-Net!'™ i i ResNet!'™ f281E =+
DX 265 2 B PR A B AH B2 AR ARFAE, TEARFAE Rl & P B, 2 T 1
TR B I £ B 23 7 IR T B A
fiE, 3F7€ LEVIR-CD!" #5445 0 A M $0 4% 4 rh 1S
87.3% ) F1 4> %, DASNet!"” $2 1 5 T3 i v 2 /74
HWIE ] OC R, HTEAE Gk R B 24 Al 3 i ok
ARG FRN A ARG 2R BB SR AT A28 ) 45 2K bR £ n
1) S AR 2. P 2 NS 78 4 B B 2
S5 1 HE i 45 4 2 A BUR M % TR R b 2 24,
B 0% I % K B $5 o ) AS TRR P RS [k 40 FE
e U T - i T 4 9 56 o A A 0 3
74.1%.

R R P 1 A SR B B [F SRR
S G FFIE T B 25 AR AR, 45 E 33 52 AR AL A4S AT
%, Bl T HERIEEREA RIRME, 5T S ma M
(CNN) 1) 3 F P 28 of IR 4 Jry kAT d A, AR ME 7 =)
FIPE B A AT A8 SUE L. JTAESK, 52 3 Transformer™”!
1E HAME 5 AU IS BRI )8 &, 1R 2 53
&% Transformer W25 2544, 45 B H 7 TH LA O
4. Dosovitskiy 25 AP 42 Vision Transformer
(VIiT) #40 H SRS 5 A BRIk A 7 s N\ 5 =X, K B A
BV B A E G B G S N 2 5E R E S
M4 JR . AF — S R R R AR 4S5 CNN
IR 285 A 224 1) 73 K B AH B0 BB A Ry s i e ok 1
TR KA ), Lin 28 APY $2H Swin Transformer
KHZANEOWNRE BERZ T, AFE D 2 AT

© TEREBIK R

http:/fwww.c-s-a.org.cn



20234F 5324 111

http://www.c-s-a.org.cn

i H AR SN A

RN T, X BB R AR, BRI R &
Swin Transformer == W24k )32 W FH EHZ 43 51 4138,
Xof B A 7 VA 22 AR S A BOR RS FE AR 35 Jain
2 NP ZE Swin AL 3R H SeMask Transformer, %
XPAE Lo BIE S, 18 T W28 AN [B] [ Beon N o SR
B W) 288 CE AR A B BT BB 01 SURFAE.

AR FBCTE T I8 TR AR 7 1 S R L
1 55 1 28 A Aar I I 2%, SR A RR AGE $2 B RE 7 B 9 )
SeMask Transformer 3T/ %%, [F]H} g T 15 R 48 LERFAE
SR B G TE IE AR AR AE R, 7E W 25 1) AN [B] By
BRI FH o RS 5] 5 I 45 5 R I B2 15 I A AL RRAE
BJa, N T HBIRZARE SRS IF M TR

e P S B R S 1), S0 1 {5 R A LR ANES

FEXTFmsE. thah, H AT iR B BB AR It 7T 22 L
Xof 3 25 g S AR A S AT 55 *H?‘Q“ﬁlﬁ%ﬁlfLEVIR-
CDM"., S2Looking®! 4% T i8I 1% + Hb 7T 75 2 1 A8
R TUAT 45 () S R A /b . A ST 7 B IR 1R
s 78 5 S AR A A I S A DL SRR b 7 55 200 AR
A7V BB AT BARTIT &, AR SCHI BTk AT DARESE A
(1) 7€ Google & 3 F S A LA I K 4274 (o 6t b
P ARHE . FEH L KRR b A b 55 R E AR
HEAT FEARVE, M8 Google 378 55 8 7 A5 AL A I B 4
B (2) GG AR M4 5P SR A S8 T U SRR L
PRI AR R AE, FEREAN B BOI AR A 5] A, # B
W 28 ICVE RS2 AR Th AR AAE B (3) FEE TS
T TE A B AT FASHONURFAE R S5 B, 169 5 PR 5248 1)

RHE RIS B A H, JF MR R LR UL A2 b S BRI R

i F% n) f8.

B

¥
¥

1 BHmAE A

AR H LT SeMask AL AT B fhifi A
Al BLAr A 3 AN B (1) 2idE TiAb 3, 7F Google 35 4
S A DU HSCHE 25 1) Bty b XS B 22 H b A o AR A 2
FRATARE R AR BB AR S, IR 5
PR RIS AR ERMREE. (2) BT,
B0 AR A I AT 25 4 pit, E S A6 X 2% R it Bt 32
K] &% 235 ) R A1 % oR BSO3E AT S0t 1 5 3 A N R SR A
P AR S A R AE A, (3) BRI, K bniE Ja A %L
PR F AT 2 RE AN, E R RATER 2
MMEARRIPAG AL 1 e a0 1 B,

h h
L T
# v
u s LA,
ﬁ TR
H
o | | wew | | wis
|
Pk M Bl
B
A B3t SeMask 4% 41
%
it v
ALY K I 2 R
v
LA Wi
it v
% BRI
% |
5
EENETEINEEET

K1 e

2 HESEME

A xS a2 i S AR A K s e e D, 2
B A AR S BRI T B AL s i, A T
%Eﬁ%ﬁiiﬁ@%ﬁﬂ%ﬂ%ﬁ?ﬂﬂ&%, PAE SR bR 3
SIS b AL K S H Atk b 22l i 7 26 2 A
(A HEATFRiE, I8 T Google 317 76 25 B A2 (L K
MHAESE. R4 Google a4 & — A B 3% B 5
A ARSI E B 5, S EARE TN AR AR KB R
AR AR L. SR IR S AR >k B 2006-2019 4 (8] [H]
JUIMT AR X, 3t 19 A& T ZE 1Ak 1 BB, K
/N 1006x1168-4936x522 8 3, &4, 4k WX
3B, A RN 0.55 m. N T HFFE 2 R 2R
7 55 S AR ARSI, E 5O £ bR I R A B
oAt JUAh L 1 78 55 T AR A AT bR i, 32 A
I, TEREE . AR KR S 2 Bl b 7 G SR AR
1B L.

PR R R, AT AERR G R R — B 7
KA, B R U 518 BT 9256 x 256 K/NASH & (1)
B, P45 FH Photoshop T 1L [R]I T FF Wi #24% K FH H AL

System Construction &4t 13 169

© TEREBIK R

http://www.c-s-a.org.cn



it E RGN

http://www.c-s-a.org.cn

2023 4F 45324 111

i PR 0 7 0 L AR AE L, TERT S A2 EXE R

AR AR A IX AT AR, B JE TR R R A PR A 1 X S5 A
W, T P ETREA LB, X356 0 58 A AR R AE AR LI
SR HEAT 5 1%, 13 303E 1000 Xf BB . HoifE 4 bk bt
HLERI 2 FEA NI 24 (80%, 800 3K), W& IE4E (10%,
100 7K) ATREE (10%, 100 5K). #843 BodhE S 5218 )5 4h
WA LA B R ARV J5 bR 20T e B ] 2 B,

3 -

5"’5

-l
2 Google FUHBEE IR 73 5% S B )
JEIRFRES 1 FHIbR %S 2

FAE 1

FRaE 2

\

3 Eﬁ?ﬁ?‘i?ﬁi
E’%EJE{MA?WJE% B 4 XU A 18
ﬁHEE’J B X A EMT . 518 A BT S BRIE R AR X N

— IR BEAA, ’321%1‘"%&%;5 XA R |

AN AR, AR AR A 28, AR Ak A I AT PA oy o =
AR AR ARG A SR AR I P28, A AL
I SO A T B HE A AR A T, B
W] —$ 5 o, - HT o 200 R A AR AL K, A [X 4%
FLARI AR, 8 SR I, AL 7 ZA I % A
Ak 1) X S8 B4 AN [F) A7 B AR A 2R, R R AR Sy
Hh b B R AR Y T B A A B R R AR L
M7 35 25 ) AR A AT 55 I 45 A 2R AR R 4
SRR S T A R AE B E R0 4% AT S0k, A I 2 E AR AE
FEHUB B A6 % [ i 4 E 9 I 4 5245 00 R 0E B, 9 A2
72 SERFAE, B2 58 IR AR I 55

AU IAT 55 (1 5 A T PRI RAR 2 SRR AIE 1 2
. ARHIF E AR5 AR LA I AT 55 5 55, 7E SeMask T

170 Z%i% % System Construction

W £ [ Bt b gk AT ek, 4t T A TR R R Lt
%%%%‘JE%%W‘JE’J%E%W]—J% TE W 25 (1) AN [F] By
BN 1 PR AH SR B TE A5 5 A B A R AR AR X 5 A
B, IF HON T AERFAE SR BT B S T W 45 SQTE P I A 5
BIARAES 53, LR BN 7 Ak 5] A, 2%
() _E SR AE I B 7 B M A5 R AAE 46 7 B 4 A 0 2 B 1)
FRAE AT R AW HESL QN 18] 3 P, AW 5T
F& 1 T8 B R 7 55 200 AR A e DN 1Y 246
FEH 4 AN HRK, 7 %Uﬁ%@%ﬁﬁfﬁﬁ% A5
AR, 1EiE x%&%ﬂ%ﬁﬁ?ﬁ%ﬁ%

%ﬁ%ﬂl\ﬁ@%ﬁfﬁ Swin Transformer" HIRF AL
Elﬁ?\, TERFA R B B 4 A AN, AT AL RS B TR )
P B AN R R, I 5 & T ORI B AR
S X (8 5 B A, X R 3RS R 2
FHAE B RN PEARTHR SR 24 2. 9 114 Transformer
R BER D), MR X #A0h: 0 K.V, el
PR HFERE (query)s BEHFE (key) FMELEFE (value),
HAMER L. 5N T RRE R I E R R, 51N
FHXIL B N (relative position embedding, RPE)™®, [
R ERE:

T

. oK
Attention(Q,K,V) = So tmax(
/e e

A G| FEHR JE SeMask T?nsformer[ T HE X
=, Iﬁﬁ?%@ﬁﬁHéﬁf%ﬁ%ﬁﬂ/\&ﬁdﬁéﬁﬂﬁmmw
1%*7}1%31{\137%5% SR16 EE?l_JQ%TI_J D 25 4 5
AB}I\FE’JE‘?EH PRI ASRRAE B R0 o, 02 SR A XA S
NIfi= LN BT S, AR 5] T H )
FHEEIAN x2x Hx W, Horf N g Ko, 2 4iliE
, HF W A E W BURHE B RN, FEUIRBY B, A
T A B N %, K R B SRR S USRI Ok,
PRSI BEAT TN SRAE 21 5 AR AR (5] 1) /N AT 2 2%
THE. bR B — 8 B2 B TUAR, R H R RFEA 218 ik
TR R I 2%, H 05 25 BT SR A B A [R] B B 73 H 28, o6
G| FRERT B IR B
3.1 BERFERERR

TE K FEH%E@CTA{W R 26 WU AH S8 1) AR A sl
T B AN FRAE B BRHAE Rl &, 7E 2% 56 2 B BOR
55 3 B Be s N TS A HBLERCT BANREAE B 43 i
ARSI AE LS PR AN REAE 43 32 18] R 43 A B
IR, a4 Brs.

+RPE)V (1)

© TEREBIK R

http://www.c-s-a.org.cn



20234F 55324 111

http://www.c-s-a.org.cn

i H AR SN A

NRAE TORAE PR
FILC] ) 3% loss 3% s 35
@k Ty HHEL T HHES3 N W, A4
F57%2 J 1676 < 2 J 3273
T we B e 3 R TTTTTgme T —]
e i % ; e 5
e Swin ' SeMask > M Swin ' SeMask L s fE [ Swin | SeMask L
it [ ik | Ll T B | DT Btk
IN | BN | PN 1
REREREE | 5t SRk | | REIRE | sl SE | DR | s Se |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Sl Dol I —
6 fiE
—ifiA 5 5 — )
e 5
e H
P T Y51 N 1 O weea ] He
2 P P la
) Swin = | = SeMask | . #E L Swin || SeMask ! L ¥ Swin | & SeMask L]
i [ Bk Bk i T Bk || Dl T e |
A i A i i PN i
PRI A S | SFESURAY, AL A SEER Ol S |
L4 T o] T bl - Rl
ey —— IﬁA\i‘foWXC 1T 1 bR 0w , T 3 -F R HXWX8C AT 4
17T 16 16 n'Rn
\ 3 !
1N B3 AR B AR
N
AR (3) .
Yo i is |
Ap = FlowNet(Concat([xg,x1]) 3)

K4 B R

3.2 FHERSFRIR

6 E T W4 AR SR B A2 v, R ok i,

WARAE 73 e AW T 1%, E?%ﬂi?ﬂ%)?%)‘(ﬁﬁﬁ@ﬁ
Hﬂ‘ﬁjvarﬁl1%%@{@%@%@,ﬁ%)ﬁﬂ’ﬂ%ﬁ EI7E bR
AR I 2 T 2 TR 7 18 i 7, 3K 1 R ] X 288 A
DUPKS FE ) — KR 2.

AT FTET R R AR AL B A AL 1), AERE LSS 4 B B
G NS AERT R e (FDAF)PT. Bk, 8@ —
ANT] AR T R R I 45 3145 P i R 25 B A7 B I £
X JEURHFAE B3 AT AL B IE. e A XK A

x = Concat(xo(p +Apo) — x1,x1(p+Ap1) —x0)  (2)
Hor, x 3700 55 I it ) MR RFAE, xo il 73 0 7 PR
I AH BRRAE B, p3os JR AR RHAE B R IE AL B, Ap3R
NI L R 2% 3R AT R AE D 7 B IR & Ap R ERAS

3.3 KRR

T SRR [ 4y B B, SRAS SRS R L 2 o)
FIEE B, AE A8 SO 2R eR AU B B BEn T  Zan k
BRI Leqge ™, 4005 BREUE AR :

L=Legge+lec @

S0, Lo Q22 RO B, g (A AR R

gyiﬁ&fﬁ 2R BB % (eross-entropy loss function),
N Softmax 152K BRAL, &1 S FIESS R FH 40K R
0, WL T2 200 0 EUE 55, tH R A XER N

e
Lee = ~5 Z Z)’i,j log(pi,j) Q)

i=1 j=1

Foob, N RBEAREL, C RFHH, v RREARR TRk

FUSTRRAE, pi A BURORE AR T 2K 3 j 1 B0

W TR BN T SR 2 B G 0 X I,

Seb AR 2R 5 A o B 5 D o L 015 25

Wk T B 8 LT, 245 7 e A o o K
F i DR, LA E 7 v

a
Weage(€) = — > IL(K) = L(c) (©)

keN

HAf, Wegge (VR FHIBE, a7t — D REL, MUK A

System Construction &4 171

© ERSEBIK T

http://www.c-s-a.org.cn



it E RGN

http://www.c-s-a.org.cn

20234F 55323 111

cABIBM L, NAESEIS B BN 7, ¢ RO IX SN (1[5
O, LU Rk HIFRAEAH, 1 AL, 0 R AL

4 SEBWITH S PEM RS
4.1 FEHIR

AR I PG b 5 25 5 AR A A3 ST 6 f s
B, A T 4 RNAEAE N 11 GB ) GeForce GTX
1080 Ti &F. K% 2% > V- & A PyTorch 1.8.1, Python 3.8
F1 CUDA 10.2.
4.2 NEHERE

PRACER: AW TR 1 ARSI 9 2 4 AdamW
Ak 2821 F WarmupPolyLR 2 > RiEACH NS, ¥ B 4]
G2 S BON 107, BUBEFEICA 6-107°. it b J7 24 T Bl
MU B N B# (stochastic gradient descent, SGD) {4t 2%,
WEYIRS 1% 107, BUEZIRBEE N 5:107

e (batchsize): A B AL Uy 8, VI
SRECICE N 1000 %8,
4.3 N IEHR

T A S BE AR AT VA, AR S8 3k F
% (R). BEREE (PA). F1 4B HEAE JIEM
Fabw. AR5 A

R=TP/(TP+FN) (7)

PA=TP/(TP+FP) (8)
2

= rp ©

b, TP N IR TN AR A& 2K FP AR AL TN

BAHBZEG FN R 2 TNy JE R B R HG

TN J9FAEAL O N A MG 2= H. PA AR RS RE, B
NRGETIESHNUE S e SE'J%%%%%E‘J EET, e
TSR I T SERE B R N (R, BTN I A AR
A5 26 o 5 S IG 2 H ( L A, S 7 A A
HISE AL E. F1 NREHIR (precision) 5 A [0l FH)T7-1
18, £5E R 7 FIRG . B S 4R R B e
FIUR ) B B S 4, AR 3R A AR [ 4 N EUZ 1) K /N
T, SRR HERR I R I S HE, FE R IC AR AR A AR
N, B R .

5 SEIGEE R 50T
5.1 Google TithBZE XA T U MBIBELILER
B T LSRG I R 28 FIASHIF 5 5 5 4E Google

172 Z%i% % System Construction

- b T 25 2 A A A WU B B R AT S, B SR L
HE8:1:1 M LL R ISR . 3G UEEE RN IR, A5 Al
AL 7 E R SE e & o B 45 9L, (8 A TRl
(R)~ G EKEE (PA) AT F1 5 ¥U/E NP ks, £ 1 &
TN T AN RRLE ) B 4 R

& 1 Google 77 5 KR A I BIE L PP R

e ZHE M) R(%) PA%) F1(%)
FC-EF!'! 1.83 5934 7728 6823
FC-Siam-Diff!'" 1.83 60.29 8071  71.12
FC-Siam-Conc!'"! 2.03 5“7.22" 81.13  69.10
STA-Net!" 1122 - 8862 8134 824
DASNetm]“ A 16.25 85.14 8831 8557

C ARSCTE 26.2 86.8 88.4 87.45

BT S ERERMHA MK 3 M TE RT 2
FRRFHESS & 07 3K, 1078 BN S BN, B F1 530k
X Hofth 7R, Herfr, FC-EF SR DB W I AR S 4% & 5F
B EE A M, BRI, &
F1 73 ¥09 68.23%. FC-Siam-Conc 3% FH 2 JF HE B FI I
FRFAE I AE L RFER BOK AN R BURRAE BT 5 91 5
FRFETTESEHUBACAFE, B4 F1 53508 69.1%. FC-
Siam-Diff [F#F R H 73 7 $& U G AL, 5% 48 R R T
FR AR P i 22 B (L Adh T 0 9 HH AR AR ARAE, K75 T
LMK EE R B = F1 80N 71.12%. STA-Net 1 DASNet
PN 44 2595 ] ResNet - IMERE REE L REEHT BOR
FAS [F) 19 R A il 75 SR 56 28 B R W AE 45 . STA-
Net 694 15 LR RE B B 515 T 2y BLI A 2 R
5 PR EURRAIE P& o AR TR LR PR AR AR AIE , 3K 4585t 56 £
FIE % 88.62%. DASNet 75T 7% A1 0L i 3 il 42
HCRFAIE R F AT B 0 N 7 3 A L PR 45 2 R B, Ao D9 4%
BN KRIEAR ], B &L 16.25M IS &R E
85.57% M1 F1 43 8. AR SCJ77% F 248 £ TN 4% /a8
Ik B SRR A AT JE A LA B Al A2 1E R H i A 2 X AR
A5 B EEELEE 7, 76 FRAR MY BOAUR F B A (1 3
o RAETTVE. &M 26.2M 8, 3k18 87.45%
58, 5 DASNet AHELHR T 2.8%.

5.2 SLILERFIL

AILITIEFA LA BT ETE Google L 78 7598
2 ARG I B S T AR S SR 5 s, R 1 R
BI% 2 43 AR A — AN b X B AN B AR (38 IR AR, A
2P oy RN R R R AR R AR AR A X 3. W 5
ALV B3 T A dE B 4 W 4 1) 77 %, 41 FC-EF

© TEREBIK R

http:/fwww.c-s-a.org.cn



20234F 55323 111

http://www.c-s-a.org.cn

i H AR SN A

FC-Siam-Diff, X REAERATE ] A 70 FI AL AR AL X
s, R/ AR AR XS X 5 2 A1 X3 3 A7 AE AL IX
SRR BEAGLII HE R ARG D0, B0 14 AL (A 25 R, B A
I ERG BERZE. ML Z R, STA-Net FIUA SCHE H 1) 1 2%

BERR I 4F, SR EIR L, BARIE R G 1T
T 3 A 4 T 23 8], H AR Z B A K. e AE X 1.
2 F1 3, AT 4y BT VR FE A RE RS 20 B AR/ AR AL
DXI, G /0N B TE B8 A s 8 4 X3

(a) Bl 1 (b) Ef% 2

(o) hr2EH

(d) FC-EF

(e) FC-Siam-Diff |  (f) STA-Net

(g) AL 2%

K5 Google -7 a5 AR HAS B 5 &7 23 1 45 R T HLAL

L 2 AN TR BT LA o RS R, AT LR B
ST ARSI 5 2R A5 JE A8 E AR BRI IR 3 55 Ak
SR P I AR AR M5 B A B, FE o IR U IR R AR ) 22
FERFAE, SRS B B AR F 45 Rl I I N L Sk
PR B R R AR AL SRR AE S, B2 1 19X 4% 1) 3 A W
71, A3 T BRI G T 45

6 i

AR SC AR 2 2] SeMask 1 3731 3 5 I 24y 5t

fil, SR FF 25 A I 2 5, 3658 T G 2 M A PR
JRE. FERAESRERINEE, INHIAE I 15 1852 TR
SRR B A (AR 50 . L, I AL 0 B
GERRRFERBILR, FEAEBUR B R b R A 485 % B
B B G FIE e, SRS R R, U %
18 X8 AU AR A MR AT 55 T U T B0 O 2 45 2R,
e 5 B RO 268t /D A e LB R
H T, 5 DASNet A EL, AL VLM FL 4 8082 =
T 2.8%. SATI, B 119 24 450 S AR BOR. [ I,
T I 5 T A T LSRR T 8 0 B 7 A
ARG B G Jy i, DO E LA I B B4R,
LR B AR DRSPS, A R 50 b i B

T b3 R AR AR TR F) e g, BRI eT A B
R4S 5 2 R AR AR A, 3t — D iR AR AL
FSA L.

&3 30k

R . 5T IR SRR 17325 00 s 52 P b s U 7% [ 0

LA ] B ERUR LR, 2008.

2 i T TR IR IBIS BRI 5L v B B A AR
AT FE [ AR AR 30 . 220 220 KA, 2018.

3 M, AR ZE, B4 BT REIRGEAR IR T AR bR 2 5 K
B A AN B AL S0 5. Hh PR 5 M (E SR, 2007, 23(4):
33-36. [doi: 10.3969/j.issn.1672-0504.2007.04.009]

4 MR R, REW, T, 55T EAE RIS AL
% ot T BB AR W 4 28 07 . RO 2 3R, 2021, 52(3):
185-192. [doi: 10.6041/j.issn.1000-1298.2021.03.020]

5 Gao JP, Xu CB, Zhang L, et al. Infrared image change

—_

detection of substation equipment in power system using
Markov random field. Proceedings of the 2017 International
Conference on Computing Intelligence and Information
System (CIIS). Nanjing: IEEE, 2017. 332-337.

6 ZF e T [ 3t 2R 155 M 0 PO, i 088 AR AR A B 0 23
Ji g i A B Wi, 2022, (7): 64-66. [doi: 10.3969/
j.18sn.1672-5093.2022.7.2g77ss202207022]

System Construction R4 % 173

© TEREBIK R

http://www.c-s-a.org.cn


http://dx.doi.org/10.3969/j.issn.1672-0504.2007.04.009
http://dx.doi.org/10.6041/j.issn.1000-1298.2021.03.020
http://dx.doi.org/10.3969/j.issn.1672-5093.2022.7.zgzzss202207022
http://dx.doi.org/10.3969/j.issn.1672-5093.2022.7.zgzzss202207022

i E RSN

http://www.c-s-a.org.cn

20234F 55323 111

7 AP A, 2 E L BT 2 RHERD G 28 KR AR .
qe kK F 7K B, 2022, (12): 53-58. [doi: 10.12396/znsd.
220470]

8 UM, A, T, 5. 5T 2 RERL & 1B KGR
AT . E L R R, 2018, 30(2): 93-99.

9 Vapnik VN. The Nature of Statistical Learning Theory. New
York: Springer, 1995.

10 Ruiz JAM, Riafo D, Arbelo M, ef al. Burned area mapping
time series in Canada (1984 -1999) from NOAA-AVHRR
LTDR: A comparison with other remote sensing products
and fire perimeters. Remote Sensing of Environment, 2012,
117: 407—414. [doi: 10.1016/j.rse.2011.10.017]

11 Daudt RC, Le Saux B, Boulch A. Fully convolutional
siamese networks for change detection. Proceedings of the
25th IEEE International Conference on Image Processing
(ICTP). Athens: IEEE, 2018. 4063—4067.

12 Daudt RC, Le Saux B, Boulch A, et al. Urban change
detection for multispectral - earth’ (;bservation using
convolutional neural '.netwo‘rks: Proceedings of the 2018
IEEE and Remote Sensing
Symposium. IEEE, 2018. 2115-2118.

13 Benedek C, Sziranyi T. Change detection in optical aerial

International Geoscience

images by a multilayer conditional mixed Markov model.
IEEE Transactions on Geoscience and Remote Sensing,
2009,47(10): 3416-3430. [doi: 10.1109/TGRS.2009.2022633]

14 Bi HB, Lu D, Zhu HH, et al. STA-Net: Spatial-temporal
attention network for video salient object detection. Applied
Intelligence, 2021, 51(6): 3450-3459. [doi: 10.1007/s10489-
020-01961-4]

15 He KM, Zhang XY, Ren SQ, et al. Deep residual learning for
image of the 2016 IEEE

recognition. Proceedings

Conference on Computer Vision and Pattern Recognition.

Las Vegas: IEEE, 2016. 770-778. >

16 Chen H, Shi ZW. A spatial-temporal attention-based method
and a new dataset for remote sensing image change detection.
Remote Sensing, #2020, 12(10): 1662. [doi: 10.3390/
rs12101662]

17 Chen J, Yuan ZY, Peng J, et al. DASNet: Dual attentive fully
convolutional Siamese networks for change detection in
high-resolution satellite images. IEEE Journal of Selected
Topics in Applied Earth Observations and Remote Sensing,
2021, 14: 1194-1206. [doi: 10.1109/JSTARS.2020.3037893]

18 ZENGF, FH R Je, st R FH 4 72 VI 26 AR 42 70 X 28 R AT 3
T 75 70 R AR I . iR 2 25415 B RE AR,

174 Z%i% % System Construction

19

20

21

22

23

24

25

26

27

28

29

2020, 45(2): 233-241. [doi: 10.13203/j.whugis20180481]
Vaswani A, Shazeer N, Parmar N, et al. Attention is all you
need. Proceedings of the 31st International Conference on
Neural Information Processing Systems. Long Beach: Curran
Associates Inc., 2017. 6000-6010.

Dosovitskiy A, Beyer L, Kolesnikov A, et al. An image is
worth 16x16 words: Transformers for image recognition at
scale. Proceedings of the 9th International Conference on
Learning Representations. ICLR, 2021.

LiuZ, Lin YT, Cao Y, et al. Swin Tr‘ans-former: Hierarchical
vision transformer using shifted windows."Proceedings of the
2021 IEEE/CVF International ‘Conference on Computer
Vision. M_ontreai: IEEE, 2021. 9992-10002.

Jain J, Singh A, Orlov N, et al. SeMask: Semantically
ma;ked transformers for semantic segmentation. arXiv:
2112.12782,2022.

Shen L, Lu Y, Chen H, et al. S2Looking: A satellite side-
looking dataset for building change detection. Remote
Sensing, 2021, 13(24): 5094. [doi: 10.3390/rs13245094]
Peng DF, Bruzzone L, Zhang YJ, et al. SemiCDNet: A
semisupervised convolutional neural network for change
detection in high resolution remote-sensing images. IEEE
Transactions on Geoscience and Remote Sensing, 2021,
59(7): 5891-5906. [doi: 10.1109/TGRS.2020.3011913]
Bromley J, Guyon I, LeCun Y, ef al. Signature verification
using a “Siamese” time delay neural network. Proceedings of
the 6th International Conference (21} Neural Information
Processing Syst;ems. Denver: Mergan Kaufmann Publishers
Inc., 1993. 737-744. «

Raffel C, >Shazeer N, Roberts A, et al. Exploring the limits of
transfer learning with a unified text-to-text Transformer. The
Journal of Machine Learning Research, 2020, 21(1): 140.
Fang S, Li KY, Li Z. Changer: Feature interaction is what
you need for change detection. IEEE Transactions on
Geoscience and Remote Sensing, 2023, 61: 5610111.

Chen HJ, Pu FL, Yang R, et al. RDP-net: Region detail
preserving network for change detection. IEEE Transactions
on Geoscience and Remote Sensing, 2022, 60: 5635010.
Loshchilov 1, Hutter F.

regularization. Proceedings of the 7th

Decoupled weight decay
International
Conference on Learning Representations. New Orleans:

ICLR, 2019.

(B e 7R ki)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.12396/znsd.220470
http://dx.doi.org/10.12396/znsd.220470
http://dx.doi.org/10.1016/j.rse.2011.10.017
http://dx.doi.org/10.1109/TGRS.2009.2022633
http://dx.doi.org/10.1007/s10489-020-01961-4
http://dx.doi.org/10.1007/s10489-020-01961-4
http://dx.doi.org/10.3390/rs12101662
http://dx.doi.org/10.3390/rs12101662
http://dx.doi.org/10.1109/JSTARS.2020.3037893
http://dx.doi.org/10.13203/j.whugis20180481
http://dx.doi.org/10.3390/rs13245094
http://dx.doi.org/10.1109/TGRS.2020.3011913

	1 研究流程
	2 数据集构建
	3 研究方法
	3.1 通道信息交互模块
	3.2 特征对齐模块
	3.3 损失函数

	4 实验设计与评价指标
	4.1 软硬件环
	4.2 训练设置
	4.3 评价指标

	5 实验结果与分析
	5.1 Google土地覆盖类别变化检测数据集实验结果
	5.2 实验结果可视化

	6 结论
	参考文献



