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Abstract: A majority of research methods neglect significant variations exhibited in the style of bi-temporal remote
sensing images acqﬁired at different times for the same area, leading to unsatisfactory model performance indexes and
visualization when the model is applied to stylistically diverse datasets. To address this issue, a style transfer module is
used in this article to generate an image with a style similar to that of another moment for the original image at a certain
moment. Subsequently, a symmetrical difference feature pyramid network (SDFPNet) based on bi-directional style
transfer is proposed to determine the influence degree of different style transfer directions on the improvement of change

detection accuracy. Specifically, two lightweight Siamese networks and difference feature pyramid network (DFPNet) are
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used to conduct parameter optimization on the inputted original and stylized as SDFPNet, producing the change maps
predicted by two parallel branches. To reduce the misclassification of changed pixels, the two prediction results are
merged to improve the accuracy of change detection. Experiments on three datasets, LEVIR-CD, CDD, and SYSU-CD,
demonstrate that the proposed SDFPNet based on bi-directional style transfer outperforms state-of-the-art (SOTA)
methods in remote sensing change detection task, with results of CDD and SYSU-CD datasets more convincing, which
have large style differences due to seasonal changes. The detection accuracy reaches 99.37% and F2 score reaches
94.19% on the CDD dataset, and the detection accuracy reaches 92.31% on the SYSU-CD dataset. The proposed method

in this article effectively solves the problem of poor change detection accuracy caused by large style differences in bi-

temporal images.

T

Key words: change detection; remote sensing image; style transfer; difference feature pyramid network (DFPNet)
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R —EEENEH (T, T, Ti2, T3, Tao,
T2, Ton, Tr3). AR & FHRHER S (denseFPN)
JHEXS 3 AN E R do o, dio, dooiEAT TN, W1 7(a)

82 R4 # ¥ System Construction

fE diffFPM 1, 2o 7 UURIERE, 10 T HIR A b
(RRLE BRAT, A8 3 A4 S #0658 B 0B T IRFALE,
WEE S 1 A R RS B R R, SLHL T S R
fERG 5 2 R .

2.4 ISR
241 XPRRVEARR

X R A 0 AR AN A R, B AR
HEHIR SR TR, RlyTi=T = y=T
Hh, RSICD 78 XU AH B G 1 4 He R 12238 41 X — 1
JB. 3X A TE I ()0 R B 293, SDFPNet />4y
SR AN R A% 7 [ T e AR S e BT, SR T
O N ARSI PR PR PR 2R, THE I (16):
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1 -
LSymmetry = 5 [-Ebinary(FG(T19T2 1),label)
+ Loinary (Fo(T?,T' ™), label) (16

(a) denseFPN

Horpr, Fo32oR LSNet ZALA I I 72 5 FIR AR 1A 40 2ok
LR R A I TE R AL R X 7 IR A2 A, VH BR
JRURE AR 0] 520 A G PR

7 A e L

242 RAEBK 4

ARSI — MR R G — TRoNK I, Rt —
TE3E SR K PPCA BB BRI . e X
KAk AR IR (17):

N
Lgce == ) pilogp] +(1-plog-p))  (17)
i=0

Horb, pi M TINE RAE (0 B 1), p* 52 X5 W HIARZE.
N T RSB ATA 5 7, SINBCT 1Rk, € SON:

2 X Softmax ¥
Lpice = 1_—(,\) (18)
Y+ Softmax(Y)
FT LSRR 5E SO
L=Lgcg+ LDice + LSymmetry (19)
3 B R A N
R W
3.1 gt : N

31 BRI R b

3548 f LEVIR-CD""', cDD""#1 SYSU-CD"™”!
A AR AT TR SRIE.

FVEAG T3 7 L B e, A4 precisions  recall.
F2 538U BARKE B (overall accuracy, OA) VAN FEF5.
1 CD AT55H, K BEAB My, 0 P00 45 SR o A= IR R R A
ML D recall (EBEOKR, 15 T 45 SR gt D>, Bk
febr e =t (20)-2 (23):

TP

TP+FP

precision = (20)

X {b) diffFPM
TP
=— 21
recall TP+ N (21)
TP+TN
OA = (22)
TP+TN+FN+FP

Hr, TP, TN. FN. FP 7R HM . BB
ARV R M . F2 oy BotE sk (23):

f=a +,32) precision X recall
/3 =

23
B2 X precision + recall (23)

precision Fl recall AT, "EATH BRG], 7£
CD 145+, 75 BARAE precision 18 F 7] A R A GE 32
= recall {8, KL B %}i%)‘(?’ﬂ%ﬂ.}”é\&;all ENEIER Uy
CLF2 9y (B = 2) 1R 1 2R 48 br, B 72 5k
W recall {FI‘EQTi%,_%ﬂifx%%ﬁﬂﬁﬁﬁ%ﬁ%%ﬁi‘%
i ;
3027 KT

Fr A S50 3 /8 PyTorch £, {81 GeForce RTX
1080t fs A ALY 2. X B 46 ) LEVIR-CD %4 £ 3t
TR BN 4 JHORD g e S5 A 08 3 i, 8 S bl T30l =
T T B 7 I A ). 75 SR, A AU ST
BIIIZR T 120 A~ epoch, HI4H % ] %% E A 0.001, batch
size W EH N 8. 3T 50 /> epoch J&, ZF R TE T 10%.
TEREAINGRMT B AT S0AE, JF8 I UELE b F2 1545
5 e ) B AR A XS AT VA
3.1.3 Xk

T UE B R R A R, FRATTIE T — g
SOTA J7iEHEAT X LE.

U-Net ¥ 32 BUR 7 B2 22 0 Hr AT HH iR 7 v, 2
TR PRI P I 2 308 5 % B KRR AR ) R, e
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BERTEAR B 7 BEU”, Y4 4% (contracting path,
N IwmAL 283 4r) Ay R i 42 (expansive path, HERA
b 25 58 03 ) LK.

UNet++04: 3¢ U-Net 45 1k i 7 2k,
FH T 1 skip connection, {15528 I X 45 ] LA
TGN [A] R BYRFAE; F BB RS2 & UNet++ R HE
PR

DeepLabV3": SR A BBk 47 23 VA B B (BB
% RS2k R 2 R B R 3C. jeAh, X2 47
P& W AR HOFEAT SO, I ARRAE 2 S ROBE B PRI 5 AR R
1k, 3152/ BRSO BUR B R i, JE it — P
PR RE.

DASNet™: Ay T R D205 5 (Annge 75 25 frJ R

3, 3 Hh R P XU T A D SR R PR B RO R

TR (5 R k. e LA S B R R A 2K

BT,

SNUNet-CDP: B 1 — A5 B2 e 1 7 14k o4 2%

FITAZ AR I . 308 2o 2 L) 5 AL AR 2% 2 1) L Agh L) 3 A
AL 5 2 A B AR I I R, DR FF R HR R L AR
IR,

WNet”: }4 CNN F1 Transformer 45 &€, $2H—

W T ZE A 43 3040 2 2%, fiR 1t Transformer 241
Jey A S A Il
3.2 %%M’Fﬁfﬁ@’&“ﬁt’fﬁi}”ﬂE"Jﬁ?‘%’l‘iﬁ*ﬁ

AT T YOAIE KU ST 3 A5 Al 425 S5 1 5 LA

B T ) 75 T R #5007 11 45 SR A0 B, 76 3
AHct 4 e, B PR T2 1) (0 0 R ST A B0
(loB) B HE T £E BRI 285 ¥ X ) WUR SE RS 5215 (CUT)

AT X A A& T #%, DFPNet #H4T 284K, 2

EHR

W 1 o, He i s R AR RO,

# 1 DFPNet *ﬁﬂ&a‘ LEVIR-CD. CDD AH! SYSU-CD 4l &3 4T 28 A Al ) i Ah 45

LACTES g | Hdh precision recall F2 04
TVT? (BERA) 0.8914 0.8343 0.8470 0.9914
TYT%7 ! (lap) ($145B) 0.8991 0.8281 0.8496 0.9914
LEVIR-CD T2/T'=2(1ap) (KHEC) 0.8744 0.8236 0.8333 0.9914
T'/T>>!(CUT) ($#ED) 0.7374 0.7422 0.7412 0.9094
T2/T'=2(CUT) ($LHEE) 0.7407 0.7428 0.7424 0.9098
TVT? (BRA) 0.9322 0.9403 0.9387 0.9821
VT2 (lap) (KLHEB) 0.9309 0.9452 0.9423 ¢ '\ 0.9825
CDD T2/T122(lap) (BHEC) 0.9328 0.9416 09398 = 0.9812
T1/T2=1(CUT) ($ED) 0.8724 0.8891 0.8857 0.9644
T2/T'>2(CUT) (BURE) 0.8803 \ 1 0.8,‘64 9- 0.8679 0.9613

X
TVT? (BRA) 0.8022 .« & 0.7819 0.7859 0.903 1
VT2 (lap) (KLHEB) 0.9057 0.7432 0.7709 0.8972
SYSU-CD T2/T'=2(laf) (BHRC) 0.8025 0.7833 0.7871 0.9034
T!/T2>1(Ccum) (%ITED) 0.7912 0.7173 0.7310 0.8559
.

T2)T1=2(CUT) (KHRE) 0.7824 0.7441 0.7514 0.8549

i

TE: B R AR

BT Lo 5L AR RAE L F 77 VR 7E 3 B 4
R BBA G bR, E LT @S AR K LEVIR-
CD $¥E 4 &, $ebrigTHE/N, FE 512 KA IER 7l 5
OA AR, X—I R UL, X T F ERAE T @R
I B R T, KU SE B BRI AS e R 3 1Y)
RORIRTE. BT ZT528 4k, CDD 1 SYSU-CD #4531
B B RS 2 850K H&rf 2 28517484k, 7 CDD L,
TYT*> (lap) FHEL T RIRFAZ KT TY T2, recall 5 T

84 R4i# ¥ System Construction

0.49%, F2 733485 7 0.36%, 04 I E T 0.04%.
SYSU-CD |, T2/T'"2(laB) LT /T2 recall 1
0.14%, F2 0835 T 0.12%, 04 #5717 0.03%.
F 1 AT A ] 8 LLTEMERTE 04 FI F2 434 B I$2
TR, B I FEUESE T, 78 KUk 22 57 35 1 500
£ b, I P X RS 2 5, T DAy — Bl 2 T
AbFE T B (AR, XF LEVIR-CD. CDD % 4
M, TV (ap) J5 AR EE R AR, X+ SYSU-CD
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i H AR SN A

HAREEI S, T2/T'72 (oB) I7 I 25 R AR
FAk, B s D FEHE E S P FE AR K T
JRUGTZAG AT, 1X Ui BAS F GAN 28 A il 1 B o = A
isz? BRAR, M T R B 1 N R IE, R bR
ARSI A Y (PR R, BRAIE 13T CUT SEykp &,
Kl 9 2 IR SEIR prnT AL S R B 9(a) R, X T

1.00

il

LEVIR-CD CDD SYSU-CD

(a) 04

Bl

AN BRI (LEVIR-CD) A2 AL AG I, 70 3= 3¢
T2 A YA RS, BT LASE A/B/C A4 Gl 45 3 2
FANK. CDD Hdf 42 1 U HR S 2 B SREL T & 2,
FELE., WIS ZEFIROK, B 9(b) FTLAE H, JRIAR
BrhiE. ERMEREESE 06, 2idlepH ik
BE ARG HK T 1 RSE R B T2

0\’ LEVIR-CD CDD
. (b) F2

SYSU-CD

B AiEA B MR 0 ¥diC B HdED B YURE

8, LR

Btk
| i

SURVFIMERS 04 5 F2 70 BT ML HUEL

CUT

aﬁ—)l

"«

f\

)
b

X

(a) LEVIR-CD: /N Z e 50 )28 1k

(b) CDD: &5i4

g

IIINH

o) SYSU-CD: itif . 1. AL

'Eﬁﬁﬂ!

s
3
- 2
i
‘J‘

JE‘E%

\

K9 Kﬁﬂ*ﬁi&ﬁﬁ‘]”ﬁﬂ;ﬁi}ﬂh%

BT % SYSU-CD $idi4E, ﬁ%?@hﬂm}z%ﬁfﬁ
15 Bl 9(c) AR WIXS TRl !FAJ‘“JﬁHiﬁE’iﬂuRiﬂc f8H
WU SRS 5 O AN e 5 A0 47 25 L K 45 1)
FO 2 e B R T A, U KR AT B 37 T BB (4
FNGERAR A 1) B e
3.3 SDFPNet AN MLE R 34

BT 5 3.2 THISRIR S IR, KT BN v HE 4
BEAT AN [ 77 1e) (1 A8 AR 4 R v L iHis B AN 7
17 1) RS B A 5. BT k) 7, $2 i1 T SDFPNeet, LA
L [e] K T 7% 75 3] 1) AR SEARAE X Bk N\ SR 4T A%
eI, B 10 B, #H LT DFPNet, /£ LEVIR-CD #{
#E4E I, SDFPNet ] recall {5153 T $#27F, 04 {27+
ANBH . /£ CDD #1 SYSU-CD ##i4E IR T i,

Fr) & CDD #¥a4E I 04 HEIRAEK, il B 1Y recall
B i T HoAth, SYSU-CD ##5 42 F 33 B 1 precision
AR e 1 At AT, USRS SRR /R RSICD
[ 2 TR B 75 2.

[ I, 2953 #r SDFPNet 284k Aar il 94 4 () PE e, 7E 3
NS LRI SOTA Jrikib AT Lhg, 45 R ansk 2, H
RIS R AR R, RS R TRI&ER. 5
YA J7 i E, SDFPNet 7E CDD Al SYSU-CD %45 4
FIRTHR R, BRI AE SYSU-CD $idi4E &, recall
A F2 53500 BT 5.69% F1 5.22%. SDFPNet /F LEVIR-
CD. CDD #1 SYSU-CD ##s 45 b353k 15 i 04 {A,
5 RARAE T AR B 43 A 32 T 0.04% . 0.42%. 1.35%.
OA THF NI L 73 R G 2= 5 B G 2= 1 L, Fr A
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WiHH SDFPNet W 2% g 5845 &k 45 & b F S0/ B3R L
FIRPERHE, AP X 7 A AR B AG , 56 B
K45

¥4 SDFPNet FIXT ECAR A AN 25 S nT AL, dnfel 11
fin. o Bt TP (FEME), BEFRR TN (B
PE), 43R FP (B Rill), 2R e3R8 FN (R, A
11(a)—(1) 7T LA i, SDFPNet f6 il &5 5 56 v, I
For A A B /D S A R S AR AL, Wil 11(d) (D),
SDFPNet far il 8 S bt F A 455 78 2 550400 P9 38 0 56 %2, Ui

5 /D (ZRE8), TR B S A0 S e 0 B V7 B, 120 P A
/b (4165). CDD %454 [, SDFPNet M4 ZFH %
B SR E GG TR S AR
TN T HABKER, a0 &] 11(g) A (h) Frow, oAb Ry
X T8 % (AR A AFAE B 2 I ar, T SDFPNet A6l 45 2R
()32 SR T B e . IR, B 11G) i s AR g5 R
MERE T R [N, W 113G). k)« (1) Fiows, XT38
SR 2 FE 1M LR M RATG AZ 4K, SDFPNet £ il 45
S R O AR Ak A Ll A AR A /D

1.2 1.00 1.0 ~
i (1)'2 o o i :&ui %
& o6 5 0% & 06
Iz = 0.94 = 04
3= 8-‘2‘ ¥ 092 =,
o 0.90 0
precision  recall F2 04 _. precision  recall F2 04 precision recall F2 04
(a) LEVIR-CD "2 (b) CDD (c) SYSU-CD
g ! B H#EA o B o HdEC o SDFPNet
' 10 DFPNet 7EAN A XS A LA I 45 5 SDFPNet 7€ & H st
%2 ARFIJFEEE LEVIR-CD. CDD 1 SYSU-CD #dE £ (1 AL P 45
PAETES PN FRRR U-Net UNet++  DeepLabV3 DASNet  SNUNet-CD SwinSUNet WNet SDFPNet
precision 0.8788 0.8682 0.8542 0.8674 0.8918 0.8976 0.8914 0.9037
LEVIR.CD recall 0.803 1 0.8253 0.7914 0.826 0.8189 0.8239 0.825 0.8393
F2 0.8172 0.8335 0.8032 0.834 0.8325 0.8377 0.8374 0.8562
04 0.9891 0.9903 0.9872 0.9901 0.991 0.9914 0.9914 0.9918
precision 0.7806 0.7725 0.7594 0.7774 0.8374 0.9344 09245 0.9362
DD recall 0.6089 0.6332 0.6147 0.672 0.8846 0.9038 + | 109123 0.9497
F2 0.6369 0.6569 0.6390 0.6907 0.8747 0.9097 09147 0.9419
04 0.9695 0.9752 0.9613 0.9827 0.9887 0.9895 " 0.9895 0.9937
precision 0.7562 0.7536 0.7354 0.7547 0.7749" 0.7804 0.7678 0.8116
SYSU-CD recall 0.6951 0.7137 0.6924 0.7149, 10.7233 0.7352 0.7394 0.7963
F2 0.7065 0.7213 0.7006 0.7225+4 0.7331 0.7438 0.7449 0.7971
04 0.9028 0.9039 0.8985 0.904 0.9038 0.9067 0.9096 0.9231

IR R LIRS, IOLI 45 R T RI&EoR.

i
181 442" Ground truth U-Net UNet++ D

= Z
(b) =
Q. e "//

86 R4i# % System Construction

\\C X
: DR - 2N - S - S - S
. 4 :’ . »"

K11 AFETHELE 3 MR BRI A4S

LabV3 DASNet SNUNet-CD SwinSUNet WNet DFPNet SDFPNet

N\

s 20 20 2
> o~

> 2 2200
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i H AR SN A

IR
(“ liﬂﬂﬂﬂMﬂﬂﬂﬂ

(g)
.N

O 00

AR
By

URAh, O T SEE M TR 5 S B A, AT
IR RS I3 2R R B EREAT 1 AT IRAL JE . i 12
Jis, BATTRT LA 7 3t 7 31 452 2R AR ) 3 AR Ky
TN AL B 3 AT R A2, TR LRI G iit
& e IR B, BRATTH AR Y A B DR 15 A X1 A2 ) 1k fE
RIL, X RYIERIAB RN SR T — A RAUAE, 10 H
FERAN NGl A b B 1 M AR E Tk, X0 T
DR 2 AR 1) o B M ] 5 P 2 G T L

1.2
1.0
0.8

% 0.6
0.4
0.2
0 oy "

Epoch
SRV SRR PR e §iHEE
4 e
JRUR 72 3 B50K R 388 SRR B AR AR A I 2 A P

P AL, UL *E CARRDEE . SUHAERRAE 2 R S Frit
WA R SRR AR L B AR

SYSU-CD

BT ANFETHELE 3 MR LRSS R (20)

ZES M, ASCHREH T T XU KT R [ SDFPNet
FFARAAGE I, Kt laBBLIEAT CUT 03 51 N A LA )
AR, A OB RS IR R IR AR B, 4 F DFPNet
XoF AN IR I ] E‘J%T%Xﬂ“i&ﬁ%ﬂ%*ﬁ?ﬁﬂ, SR 4 R W Lo
SEEREAT g TR GG KR 22 57 A AT AL B 7 1%
(Rl 45 & AR AR SR S A8 (A 3 T4 SDFPNet
HE4TYI%. 7£ LEVIR-CD. CDD FI SYSU-CD ¥#fi
S 55 S4B, SDFPNet AN OUR HE B 1R 1
AR 2 5, B D AR A, E PR TR A R P

SE 30
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