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(5 S I RT DA EE X T4 LU s PR AR A5 2 e Ak i o S U A A Aer Tl v, i B 22 PRk ) —
I RAEAN R, JeiZi id B4 B S IR PR SR B A5 2. B DA IR AR A ) o A 55 R 2 ST 7
PREB RIS, K ANRTLE (B G HBI R — M A S, <RI LRy . T IXASHE, BFREA]
St TR TT 2%, T ORI 3 23 A G007 i AN TR 2 1 0. b, AR G007 M I S it
TPATRERL 16.7) g 5] 81 S R ) MG S AR MO0 SRR AR ol 12 2507 s ST R R A
AGTE) (R IR TR B 25 S0 (10 777 V368 A P VR PR o 42 D) 205 9 T A5 A 480 38 [ — 8 £ PR RPALE 2 ) P4
A7 b 08141 Bl e ) YA O I 205 0 — W PR B 4 281 3 — M PRSP, T A ) — PSS A
FH RIS AR A A I 7 0 4R B AR A, (15: 161,

BE PR S S5 R T U R AR BR N SR OG &, e e s R U Ve e, HO R — @ ORSS
AR, PRI 2 S T R KB R R e v rh 9L R, RSB AT MR T e T R S5
) JC B USRI 75 . Luppino &5 RO K R 7 B B 1 BRI, I 0H SR AN SR AR SR ARALL
AN EIR G P B S5 4L, T i LR LSO AN AR B R i B R B N BT R R AR A KT, JF DAt Bk
ARAACHIREA T T 254 G ) PR [0 U5 R B 1200 8 i R B2 MR T UA I 246 gl 2 (15 161 Mignotte 1%
A BRI B AR 20 10 2 A5 R ALE 20 T P AR AR S84, T J R P 3 T3S0 A iy P e e 38 5
PR )5 PRI N 55 72 5 I, R AT SE T S5 7R TR (Markov) FEHLIZ 2> #1075 248 B AL I, fE 3K
AT AT H AR, AR K340 P 20 R AR R At ), T 3 e PRI S P 7 32—k PR 0 5 A ik
SR 55— BRI, AT LB PR S5 ) < 1A 22 5 1220 b Ab, SR HIS5 48 RS 7 i, K S
G 0 D 1ml U B AR AR AR AL B, 205 [ U P 5 ) 5 # R A T R B 454 — B, 13 B2 T 454
[ ) PR A 7Y 122:231 - Touati 55 24 B B MER SR B R KRR, IR
K2 Z00 R R E R XIARE L (B (R AR, T 0 2 4 RS A TOR il 22 7 1. B8, STk [25] A
M= EERBOH AR DMER R T F — K58 (RN IR M) FE T A FERRREE (— 4
AR, F— N NAA) IR, JHERBOZE B2 ARG B A RS (Gauss) 7040, 15 2325
IR RAER SR AR ME R AR RS, RV XSS T8 3/ B B R AR I S5 # LU B A R B, (HEAT

AR S R I IR 2 B2y O(N?), (E AR R R A AE 23 K, BRI T S2Br R AR — R I SRR
SRAFRHBECEZ %, WSk (9] TR TR DA 73 AR5, TR (23] 75 25K AR B AH AL R [ A0 1
B AR, SCHR [24] 75 B8 2 4k RUZ A ORI RE AR, STk [25] 7 2248 FEAUAL 23
AT S FOMVE IR AK SR AR > BT, JE R s G R s R B A oo, SE0oR A A
JERE— BN, AR IR ROR RIS, =X BT VA AR B | A REAS (R R EREIR ) X TS5t
BURIFEME. AnSCHER [26) TR BT, ARAREAS 2 BRGNS AR E R R A, B A AR B
FIFAMFEA L, 38 B HARFEARRS (Bl / RARA) BIiRHA]. RS 1 B AR 2T BR AR 2,
SR T E DRI TURIIAH BN kAT AR B0, X MR A SRR N B RS AR
{8 ) YR ARAG A I TV

R SR L R AR TR TS — SR REE Y (structure consistency based energy
model, SCEM). B 1 5645 I8 E& 7 1 BB A M RS R B 1R 3R, IR LUBMR 3 1 s K IERR A
(k-nearest neighbor graph, KNNG) SR 2 1 0 PG 1 5 0, 1T S R P 465 4 — B0 g ST AR AT 1T i TR RE
AEAHBATE DG 2 5747 AR 2 AV IR AR (RN 52 SRR [25) W5 K, A SCfs FH e R A A SR 220 e I Aok 2. 9
1, ARSCBETE TP AE R B 0l BB RUR B AN R R AR AR AL I Y RE B4 %, BRI 2 454 —
FUPE I RE B A R R LI R AR R AR A A IR 2 AN Y 3 T A i AR A6 S5 56 B e B R A TS Uk A
AAG RS, T A5 20 ) F T YRR I ) RE AR Y . e, A FARAL T o AR R AT SR, 155
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Y 11y h Y 1y ]
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4~ A&7
Changed Changed
(a) (b)

1 (MERFE) BgERER. (a) SAR Efg; (b) XFER. B&RMNEEEE X HEGAIEGEZ AN
HOVEXR, B EREREMAARRNBEGEREZEMBEXRN. £ SAR FAZE LGS, AEUXEHNEEE—
i, MAEZLXIgREE R ER

Figure 1 (Color online) The structure defined in the proposed method. (a) SAR image; (b) optical image. The thickness
of the connecting line indicates the degree of similarity between superpixels. The structure is defined as the superpixel
similarity relationships within the whole image. In the SAR image and the optical image, the structure of the unchanged
part is consistent, while the changed part is not

BN R AR RORE R, IF H AT 7> BIR B AR AR AT A28 T -R 45 5
T RURE T [ SR, IX A R E 1 R, BT LAIZ T o0t P A e 75 A0 R 2% AP 55 DR 3 AN UK
[F IR e R FH e AR R 20 ROC R B, LA R ) RS PEAT ] $h A BRAh, 25 A R R
VEORTE 5, W T SRRERI R E, AR AR RE 3w 1 AR AR R R

ARSI E TR A A5 T

o M5 AR S TE RIS H — BRSNS 1 I R Z [RGB, RS 1236 T R 45— 3L
P RE AR Y T S PR AT AT 55, Mgt R 1 S5 0088 Je R 4 X DA L2 1 T

o FIF AEEAIRY ZIm 1 IR S5H 5% R AT i AR MR 2 TR I 5RIER, I8 B3 1 AR5 mions T et
TR AIRE IR, A7 RN TR RN AR R A TR (o A 1SS A S I E B A AR A

o £ 5 MWEEE B 5 HATIRILNVERAT TR LSS, S5 RIIE 1A SO iR AR HEA AN 2 D5 i
AT Heth 7. MOARS T IRAE M 25D,

2 ETHEH—HIERIGEERE

FESCEAFRTRISZ] (¢ A1 to) SREUH SRR B A8 X e RMANXC 1y € RMXNxCy,
E XFHAB R BN x (m,n, e) Ty (m,n, ¢), ZACKEIN ) H K2R AR EDRbRC R ME R 2
B, B, BERIESFERGRGRELLE XN, TUFEFRER X MY Z KR

ET G AALE, BEPEANNIES X (BGBREGEER) Baers EE T HRES A
LRIER 73 X5, ASSORF X BB B a2 B AR 3R 22 8] AR AR 5% 2 SON R I . dia ik, S — Stk
A UAR N: X T ¢ I ZI R AR — 8t X M1 X (RIUY X5 A1 X o0, ke
MIE S h R A A AR, WIFE 53— ¢ A2 P AR X Y; A Y, a0 AL, B3R
ARAG T DR, EATTRIARLE ¢ ZR 0 — B0; MR, 5 X A1 X SRR AR T AR, IX IR AU 5%
AT IR E AR PRIR, S Y, MY, AU, W 1 Fros. ASON S8 R a5

1) https://github.com/yulisun/SCEM.
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VEMPERRER RN, EERAEUT 3 MPER: (1) M K IEMERME RS, (2) BALREEBRRIE R,
(3) FRHAZILIA.

2.1 RIEEGLE

BRI, JRATT TR EEE R RN AR OC SRR RAE R S5 K. AR T DA SO PR R B BR
PAE Ry R Qb 1 B 5 (12,20, 21, 23~25] R SR AR S AF IR AL BB 7T (19 R, BA IS J7 TH AR 34
— 7 THE Be g KRN B H | BRREE SR, 91 anxt T — 1l 500 x 500 HJEUE, G ER A4
AL PR TTIN T R H Y 2.5 x 101 55— J7 THER 2 RER8 78 70 M BT O[3 BN OR BE ) ()30 21 e .

N TR FEIR GRS FIE, HeiE— M RGB BUR, H=@IE 55008 ¢ At B ZIEE
IR P P TE AN — N I T )E, AR SCER [27) SRR T R TR S (Gaussian mixturemodel,
GMM) KA BB R, CAEDFIRE (KBBRBE LR RE) MR RLS R mH 1
syt 6 RGB BlUGH I §I8 Ng MEBREFEIFER 0 RIE A S5, TR A ¥t Aty B ZIEHG
SrEI Ns NMHRAMFEAGREIEEER X, MY, i=1,...,Ng, € XH

X; = {w (m,n,¢) | (m,n) € Aiye = 1,...,Cy}
Y, ={y(m,n,c)|(m,n) € Aj,e=1,...,Cy}.

BRI, X A Y, ARSAH R R MR D, IR e AT 195 B N AR ST (R R — 2R ). Dy 1 fR] Bk
W, ASCHRBUCREAN B BUR S E AN R AL A F OB R AL, B2 IEIERE X7 A Y. ORI LR AR AN
ME—F, JLARRRAE AT DL H] (77 22 . R BEFL AR 45 ).

BTk, LA B E AT A, NEAEEME—A K IEBESRRAE L. LUt WZEG X
N, HiEE G = (Vi et AN Y

(1)

V= {X,li=1,2,...,Ng},
EM ={(X;,X;)li=1,2,...,Ns, j € N'}, (2)
Al =1, V(X;,X;) € £,
Horp, NP 08 X ) KB ESRS, AN FORMEFME, 2 (X, X;) ¢ 7 0, AL =0, X
D NEG X MRHERE SRR, HooR &) = || X) — X|3 #onBgR X, Bl X; ZRIRHERE S,
NE A LGE 0 EEES & D #HATHET A B @ AMET B AN ME R B 3.
0T b WG Y, R SCRHIERERS dY ) = ||Y) — Y||3 RSB RE DY, 3484
DB IR A DIAgiE H K 0] G2 = {12,612, AR}
V2 ={Y,li=1,2,...,Ng},
E? ={(Y,,Y,)|i=1,2,...,Ng, j € N/}, (3)
AP =1,V (Y,;,Y;) €&,
Hrp, VYRR Y, B K ISR B S, A2 RoRWHSEFE.
AR K I AR AL ER S5 1), A EESCRR (23, 27, 28] A4 42 B H A AN J T A 34
(1) SCHR [23] DAEHR N BTG 15 3 010 b el 40 12 B SR Z1 ) B4 8 p S A 6 4, AT G DI v A il
R AL (BB BRI R A A2 A, A SO A K <8 ELE RN R 3R 5 B N FL At AE AL
IR R, 2N E S AR R A, JRE R R BN =TT R RES; (2) STHR [27,28] LUEANEER N
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(3N B AR B2 6 3, JEAMH ek, SRS ARG, oAb, fEik e 4 i
BRI, USRI L e 77 Sk B PR 250, KT (e, — | B e — e~ tha. TATIA
A, 1SRRG o P PR R R M 2 1000 2 SR R A 0. B, 4 X, A X R
b (ATEMRUKAE), Y A1 Y; AR R A (AR UK b, sk s MR 500), I EBE L
B ar R dY ) WO B (RS AR A R BRI, B (a2, — aY | R NI
R j AR R T AR, FTOA, SO K I 48T o () e e PR AT PR R 5K, 21 H £
BRI AR A 9 38 2/ 7 3 R P AR 2 A, WA 788 4 L LA 3L

2.2 MEREEER

fE AR AL IE 0 N AR B LA T A B PR B A RAR G 28 e BRI RS AE T
AT ELE R DR A B J7 UM R L R, AT B IR SR ) R A AN I g (2O~31 . AR
P RE AR S o N RS54 515 AR 28 2 8] (B &R

SE ARSI ={1,2,..., Ns}, FERMBMARILIREN p e RN, o5 i NIuEK p € [0,1] TR
i MR PR X IR A AR IR, 7T AR i R AR i

p* =argmin By (p; X,Y), (4)
peRNs

H, BeRRE By RS X, Y, p EAFEBUELS T &R
2.2.1 HHM5TZEIHIKEL

FEAFBIRAE R A K T8 G A G2 &, A5 EEARE ST mURLE R R 579 moIRAE 2 18]
FRIBR 5.

DUCHBHZE X, A X, RFEE S0 (). T T 6 B2 R R R Y ALY
95, X4 PIRR RIS 40 e, Wl 2 BT,

W 1. W Y, A Y AR R — it AT LIS i A AN SO RAS R —RER,
BPRIR R AL (I #1a i, Y; ALY R T 20H) s &AM AL (10 #1b o, Y, A Y [
& Tk,

Wi 42, fR Y, F1Y; RERFRII, 8 420, Y; I X, REFR—K04, v; W X; K
FARFFI (1 Y; FREEH, Y; RIOKHE), BT 0 4 SR, 45 AUREA L 42b, Y; Al X, A4
TSI, v; B X, AR (1Y RIKE, ¥y RERIM), ST & 5 2R L, j ¥
SARBEA 420, WY, B X, Y R X, ERARERFZIM (I Y; RFEKIE, v; RELI), B
S8 i A AN R R SRR AR (AR LRI R — R,

Fh L P R T A AR5 5 AL 06 2R 549 bR 2 MIIE R 8538 (a): X TAEREH
Bie TR j e NF, ME i R j AN IR, Y; R Y; 02 RN (REIF i) 4
Y AlY; 2RI (RIRFZIM), 0 B j 2N AR T 24k

#3 G #4.
B #3. A X, M X; WARE MY, W i A0 5 5 s PRS2 RIR K A AL B[R] I
RAEAR AR AL,
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(b) (©)

2 (MEMFE) EH5THEXENREE
Figure 2 (Color online) Illustration of the association between structure and change. (a) Pre-event image X; (b) post-
event image Y'; (¢) round truth

B #4. R X, A X; ARFAFZEIY, W0 A5 BT ORSTREN: Kb —ANRAEZ, 7
—ANARARAL; B R R AR AR AE AR R AR — .

Ffeltth, FTLASEIZEL (b): X TAEREN S i e T A j e NY, 45 i 1 j AN AR BIN, X,
A X 2R RAZARN (FREF—2H08); 24 X, A X 2R KES (IREAF ), « fil j 20
B RRAET AN

2.2.2 gEE1ER

RIEIETE #1, #2 MEER (a), AT LUGIE AN A BE & B AL

Ey=Y Y dl,(1-p)(1-py), (5)
i€L jENT
S, 2 = d — mingexs {d? ) FIRGTREBIZE Y R Y, HOUSAEIESE, 18 By PR3 0 A1 j AT

BIRAARS (p; = p; = 0) FIAEE. FTLAEH, 2 Y; A1 Y, MZERECRR (MR a7 BOK), 724 B,
BB 550/ W 75 BEBORH ps B py, BIARAGEY 4 B j 9 5.
FAh, MRIEIETE #3, 44 FEEIR (b), T LARIE U1 1) e 5 R AL
EQZZ Z dr; (1= pi) (1= p;), (6)

i€T jEN?

Hopr dz ;= d?; — minjen={d?,} FIRBIERBBER X, Bl X; WREZESR:, 15 By HRARTTA i Fj 3
KA FIRERE. I By A Ey ] DA, A SO RE A2 O AR RS 1T AN A2 it o 54
TR, RIE R T AT RO T AT RN,
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JEXFEME B € RNs*Ns | HItHK B, ; t1'F:
Bij=di;0(j € NY)+d};6(j € NY), (7)

o, 6 () PR R K 2355 WO, BUEDY 15 A, 24455 A SR AEAN SO, BUE D 0. A

By R de,, Y WKL B R T DA, 45 0 A j AN Uk R AR AR, dE, B dY ) B, IR

HRLH) B ; AW SEUN, M, 2 B, ; BRI, BB S8 @ 8 5 N7 MR R A 732 .
EIFRE R R By A1 By FFFIHER (7), TRAS BT 450 — S A B R L

Esc = (1 - p)TB (1 - p) ) (8)

Ht, 1 RO ILRN 1 [ Ns BEFIAR. 78 B 1, 24 B ; #OK, RYTEGAR DU R SBA— 5,
NERRERAE B W/, 2WBUR TSR KK p; B0 py, B @ B j RO BEAGBOR. RE R R
W Eoe MESHET: JEBRRLIER R (4540) A2, Bl X, A1 X5 HEL, H Y, MY, AL,
HE Y, MY AL B X A X AARL, BT DU e B SR AR I H AR .

RIS, X6 T S PR A I 1) A, 3 — A AR R A SE IR iR AESEPsIzsrh, KAL) 2
DERG A, KBS MR AR AR . I — R B SE I A N T At A A AR T 72 (22200 R
52 T M S YA AN ) L) it BEAR b, AT AT o VBRI |Ipll, SRAE RS 0, E
FIEH] o BIARME, AR ST £ VEEAER Tt 53] N TR B S 5 ) RE B AL

i€L
B IF IR TS5 B RE R R AL By AT REEG I RE R PR AL By, AT LMS B R & e AR

min {EH =1-p"B(1-p)+ /\pTl} :
P (10)
st. 0<p;<1,i=1,2,...,Ng,

Hrb, A > 0 A FEZEL MK (10) ATRAE H, IS RE R BRAGEA TX U, b By flR T3 34210
K p, Bl p =15 1 Eg, M1 TAAREIRZK p, B p=0. 75k, ATUAH B (10) & EHESLAETS
RARES LR (BIXS p BEHERAR), Xt e i, BoAT WY B O B e SOl ek R, i3 H AR e 8
T a1, Ao a7 SR 0 5 TS Faick R TS (AR A

2.2.3 EHZTK

LRI (10) 195] pr 5, TAREERE: (1 p; 255 1 MEEENEMERIEH
TS, 2 S PRAEAT 460 B A ) AR, AT DLSRTT A A0 (Wi 52 R (
k PME IS B3 B ¢ I SR EE BY), BORHFE T S /R AT KBENLY (Markov random field, MRF) ]
77, ASCELBEAEISONR (22) R MRF 4 #007, SRS TR R (LS BRI E T UER, B
15 RAF I A BRI

AR SR 1 SPURE (R T 5 4 S PR B B 1. ERERERE (10) MOSRARH, B 7 24X
2 LEAE ) SABIREARUHL Ner BFHABPIUGEI IS R e® = 12520 Dl f g
T TRR £°.
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x 1 RETWRNEIEENAB

Table 1 Description of the heterogeneous data sets

Dataset Sensor Size (pixels) Date Location Event (& spatial resolution)
#1 Landsat-5/Google Earth 300 x 412 x 1(3) Sept. 1995 ~ July 1996 Sardinia, Italy Lake expansion (30 m)
#2 Pleiades/WorldView2 2000 X 2000 X 3(3) May 2012 ~ July 2013 Toulouse, France Construction (0.52 m)
#3 Radarsat-2/Google Earth 593 x 921 x 1(3) June 2008 ~ Sept. 2012  Shuguang Village, China  Building construction (8 m)
#4 Radarsat-2/Google Earth 343 x 291 x 1(3) June 2008 ~ Sept. 2010 Yellow River, China Embankment change (8 m)
#5 QuickBird 2/TerraSAR-X 4135 x 2325 x 3(1) July 2006 ~ July 2007 Gloucester, England Flooding (0.65 m)

E% 1 Structure consistency based energy model

Input: The matrices of X, Y, parameters of Ng, A\, a > 0.
Structure representation:
Segment images into Ng superpixels;
Extract the features to obtain X’ and Y’;
Construct the graphs of Gt with (2) and G*? with (3);
Energy model solving:
Initialize: calculate B and set p(o) = (Bl + BTl) /2, v(0 =0, 3=0.5;
Repeat:
1. Calculate the gradient vk = (B + BT) p(kfl) + A1,
2. Update v*) « v + (1 — g) V),
3. Update p(F) « p(k=1) _ qo(k);
Until the stopping criterion is met;
Change extraction:
Compute the difference image;

Segment the difference image into the binary change map.

3 SEIRATHE

3.1 HHREMIFMIER

(1) BUBE. N7 RUEASCHEH M EIR M YERE, 78 5 D SEPrBdase Bk AT Xy Lhseis, gk 1 fl
Kl 3(a)~(c) Frn. XEBIEEP RN ZBERE: (1) AREDGAARREE, WEHEE 41, #2;
(i) ANFIZEA AL IS, WA #3, #4, #5. FIR, XEEHHRER D T A M PR (30~0.52 m).
AFEFTEMERSE (343 x 291~4135 x 2325) AR FAF (Wit oe . Bt A8 1h . @RMIE), e
% 78 3 PPAiki AN [F) B0 PRI 7 P A AR . X BB m A L 5 i 1 MR BC i, oo T A S o #5040 ] AR
FHILA 1 578 G VT B S50 3k A7 B v (8- 361,

(2) VENHEHR. A ST F W 2R 48 05 70 7 VAL 15 200 22 S EORAZ AL () 3 A 523 TARRHE
(receiver operating characteristics, ROC) HIZEAIFEHER — H % (precision-recall, PR) £k 1Al %=
e, AR 2T A AUR T AUP /B8 € Efabr sl oG ROC fhZkA PR #h4k; (i) A A
e E AR I EARIC R (true positive, TP). B FH (true negative, TN)+ fEPH (false positive, FP)+
TRBH (false negative, FN), [RIFfi HH#EREZ (overall accuracy, OA). F1 37 FIRIHREL (k) & E VAN
AL, HAtH AR 5N OA = (TP + TN)/(TP + TN + FP + FN), F1= (2TP)/(2TP + FP + FN)
M k= (OA — PRE)/(1 — PRE),

(TP + FN)(TP + FP) + (TN + FP)(TN + FN)

PRE =
(TP + TN + FP + FN)?

. (11)
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() (b) (©) (d) (©) () (@ (h) @

3 (MEHMEE) TRIAZEMBENERE. £ 1~5 THRIMEHIEE #1~#5. (a) EHFIEL; (b) F
HEE®; (c) THEERE. (d)~() PHATEFERENERE: (d) AMD; (e) HPT; (f) IRG-McS;
(g) SCASC; (h) FPMS; (i) SCEM

Figure 3 (Color online) Difference images of different methods. From top to bottom, they correspond to the datasets #1

to #5, respectively. (a) Pre-event image; (b) post-event image; (c¢) ground truth. From (d) to (i) are change maps obtained
by (d) AMD, (e) HPT, (f) IRG-McS, (g) SCASC, (h) FPMS, and (i) SCEM

(3) SEWIRE. U, KBRS W BAREHH Ns = 5000, Tz = A=) B0
BRI T bt o = 0.01, BRATERIREL Nier = 20, HIXFZEETIIR 0 = 0.01. 7 7 {EHA, hﬁ)ﬁmﬂj
HOSEF-45 4 — S RS A BRI TR SCEM.

3.2 LIHER

(1) ERE. ACEBRCHM 5 SIS 72 E R T4 LR AMD 20 Al
IRG-McS [26), FEF-£E Ky [A] ¥ SCASC 22 F1 FPMS 19, JEF[F iR KA HPT (fF ] 40% A2
WA FXE i B ) Bl B 3 BoR T AT AETEA SRS TR 21 2 5 K, 5 ROC # PR 4k
Wi 4 Fw, % 2 a5 7 AHRE) AUR AT AUP {A.

WA 3 Fiow, K5 J7i245 3 1) 2 5 B RS RO H — 2405 5, RITBERE X 20 H R0 2 AR [X 5k
AFRAAL X IR, B An s, WL B AMD ST ARAb R AR ARG 1 X 43 B8 JI ARG 3559, IR 7R
EE #5 b AMD B3 2 7 L EA R K HREME, M CUX A0 X 3, 3 5 2 el 1 4 T R A
—J& ADM XA UG B s sl P SRAE 2 MG B Py S0 I R 4 44, BT DA 4 G B o AR AR A
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(2)

(b)

4 (MBRZE) FEFGEBIERER (a) ROC 1 (b) PR BiZk. NEBEDHAEIEE #1~#5 LR
ES

Figure 4 (Color online) (a) ROC and (b) PR curves of DIs generated by different methods. From left to right are the
results on datasets #1 to #5, respectively

%2 TREFFHEETHINESENERLE

Table 2 Quantitative measurement of difference images on the heterogeneous data sets®

Methods Dataset #1 Dataset #2 Dataset #3 Dataset #4 Dataset #5 Average
AUR AUP AUR  AUP AUR  AUP AUR  AUP AUR  AUP AUR  AUP

AMD [20] 0.795 0.155 0.708 0.264 0.922 0.564 0.859 0.216 0.691 0.103 0.795  0.260

HPT 5] 0.889 0373 0.770 0.355 0.911 0470 0964 0.602 0.857 0.271 0.878 0.414

IRG-McS[26]  0.897 0.424 0.813 0469 0984 0582 0972 0414 0964 0.605 0.926 0.499
SCASC[22] 0.885 0.383 0.793 0.458 0.968 0.695 0.969 0.597 0.971 0.681 0.917 0.563
FPMS (9] 0.922 0.590 0.597 0.258 0.994 0.904 0.952 0.652 0.977 0.836 0.888  0.648

SCEM 0.919 0.659 0.853 0.598 0.954 0.759 0.982 0.780 0.929 0.763 0.926 0.712
a) The highest scores are highlighted in bold.

ROC MR PERERZ S T — @ MIsEm. XFELIE 3 FiZk 2 Whiggs 3, AT DUE T L SCEM 5 ik fig g 3K
BRI AUR AT AUP 1B, 31X 3 B RIS 7 50 140 B4 29 817723, SCEM. AR US4 A\ = R A8 A0 A
M&EF. SCEM [T AUP 184 0.712, LLHEZ 5 5 FPMS & H 6.4%.

(2) THE. BT LR ZEREST AR 4 BT 555 00 F EAR ARSI J5 ik, AR SRS N T 55 4
4 FhoE TR BN L, AdE R T AR E AR A M3CD [29], JEFHRIR AR FURAL ) CICM 4 fndt T
REMZ M4 1) SCCN BTl CGAN B8] X-Net [ FI ACE-Net %1, |& 5 /" T SCEM FlH At 8 Ffist
e IR AE A HE SR BRI, TR e B R A, B, aafgeassid TP, TN, FP
FN. & 3 ZIth AN )2 VP45 R (OA, 1 F1).

M 5 R AR Y, 85650 VR — et A R IR e, it AMD ERGESE #4 F1 #5 b
HRERIEZ (k205124 0.115 1 0.171), X-Net Al ACE-Net 7E5#E4E #5 FHEI AL [N, FPMS
RS #2 EABKIITRK (x U~ 0.215), M3CD EHIESE #4 FEREREE (k[N 0.158), X
FERBT: FPMS ZBS TR AN T 25/ mA 52 ma, S 800803 5 W UG A0S HERf, DA AG ) 44
REANBE AR, M3CD TEMT R AR /KIS A 1 B ARV 0 792000 5K E A (RIS B 28 B2 b AT LU, 1
J T SFIRARE VRVE, T EUR A R ICIEA X AN AR AR A s M, AT R T R A
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(a) (b) (©) () (e) ® (® (h) O] (O] k) O}

5 (MEMFEE) TEGERSHNELE. £ 1~5 (TOAMNNEIEE #1~#5. (a)~(1) FHNAREGZE
BEINZTKE: (a) AMD; (b) HPT; (c) IRG-McS; (d) SCASC; (e) FPMS; (f) M3CD; (g) CICM;
(h) SCCN; (i) CGAN; (j) X-Net; (k) ACE-Net; (1) SCEM. £ EH, SRERABRR, 46, EAaNEG
##ri2 TP, FP, TN # FN

Figure 5 (Color online) Change maps of different methods. From top to bottom, they correspond to the datasets #1 to
#5, respectively. From (a) to (1) are change maps obtained by (a) AMD, (b) HPT, (c) IRG-McS, (d) SCASC, (e) FPMS,
(f) M3CD, (g) CICM, (h) SCCN, (i) CGAN, (j) X-Net, (k) ACE-Net, and (1) SCEM. In the change map, white: TP; red:
FP; black: TN; cyan: FN

T SCEM kAR iX e im 4 P Re AR BN R IR, TERHRAE #2~#5 A5 RN
AR A, WK 5 F3k 3 BT LUR I SCEM (AL HE AR b 751k 7E8R S #2 LIk g SR LLTE
FAbEIRAE LB X F B DL AN TG ) — R EIRE 42 MER PR (0.52 m),
B B 40 AN SRR S I =F 5, AT E T SO (OME AP ALl R R B R R N AN BURZ IR, — =
Bl 42 PEE T EZ MY, AREER. R MR, By, TS i X s pr & Ll
ANEE. BT DR AT AR 2 IR SR NS A, TR I K AT e 7y RAEEE
SE0, SEUREAEZEIEE F o tRe s T HAREIE4E. £ 3 1 SCEM [°F¥) OA, « Al F1 {5 5IN
0.961, 0.721, 0.742, ¥Ji T HAth 8 Fhxf b 5idk. B, SCEM [1°F¥) F1 {HHEHES 55—/ TIRG-McS &
H4.3%. XA —IIUE I T ASCHR H 2 S50 — St RE R R A k.
3.3 it
3.3.1 RAEYE

T RE S AR ARGV, vT DU A 2500 — B RE B A T 50 (10) T — RAIMIRE. A%
T8 7S] FARAR I A (AR AAE — B LR (e EERR E ), L eE T AR RS A
A R, REEAT 23 (E6 . [RIT, P CATEASE Y AR AL B (10) HOINMNIE T 25 (B 1Y) e & pR 4L
Egs, 7EXHN

B =3 > Wijlpi =il (12)

i€T jEN?

Horb, j e NF R i 5 BRI EARRBRORR a9 5, WO OB AERE, HooRN Wi = W, > 0
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(a) (b) ()

6 (MERZE) EAXRE Ns BF SCEM ZEHIEE #3 LEIHERE
Figure 6 (Color online) Difference images calculated by SCEM on the Dataset #3 with different Ng. (a) Ng = 1000; (b)
Ng = 5000; (c) Ng = 9000

RET MBS RS, HHAFWR 7 e N, M Wi, > 0; B0, Wy = 0. 28 X B FE
D,, € RNVsxNs D) Z;le Wi NE @ ADRAITR BT AR, M ER RSB (Laplace) #FEAN
L =D, —-W. I, afLLR B AT

Fo =2p* Lp. (13)

K Bo MIAARSCEER (10) 1, BIWT 45 365 E RGO R RE R, S, thmlR HAd al A
AR S R RMR NN A S (K e EAR R v 4 STk [10] A BT B I 24001, BE i 2T M
IR IK RE 1 AR A (ARSI RE.

3.3.2 B

AICEDR FESHONBE R HE Now AVEEH & FFESE N, R mvhe.

— R UL, IR R IEH No PARYE ECHE £ (1473 5] 43 5% 238 R0 7 Y5 AR A0 ARG AT 55 1) RF 205 2 SRRy
SE. BRI Ng v LAEAS 40 I R S AR ST /D, DRI o] DAS s A8 AR Dk £, AR IRIINE BT Vg B3
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Fn I, BN R ARSI B, SRR e RRPEAIS. B 6 o 7 SCEM fE4UlE 4
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Ng = 5000. 24%%, A% 3CHR [39] H R0 LR B A E i BN .
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R, W RAS N ke HRAEER: /N k233 K ITATE G M G2 A EafE, JF H R
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() (b)

7 (MERFKE) SCEM XS k MBS
Figure 7 (Color online) Sensitivity analysis of parameter k in SCEM: (a) AUR value; (b) AUP value

() (b) (©) (d)

8 fEANRE \* B SCEM E#HIEE #5 LERMNERE

Figure 8 Difference images calculated by SCEM on the Dataset #5 with different A*. (a) A* = 1; (b) A* =2; (¢) A* = 4;
(d) A* =8
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() (b)

9 (MEBEFE) SCEM &8 N MM S
Figure 9 (Color online) Sensitivity analysis of parameter A* in SCEM. (a) AUR value; (b) AUP value

* 4 TRIEEAERIESR #2 LrBITHIE

Table 4 The computational time of different methods on Dataset #2

Methods AMDI[20  HPTBl  IRG-McS[26]  scascl22l ppMmSlOl  mM3cD[25] cicMMl SCEM

Time (s) 109.6 78.1 20.5 26.7 92.4 2611.6 113.0 5.8

AT H A P v VR AR 2R BUEE AR 2 (BT R B 2 P S SR A H R G R, B O(MN) BT H B
i P 20 PR R AR ALE B B AR R T B O((C + C)N2), SHRFIE PR B AT HE P LS BN ME R 0 K i
RILTHEE O(N2log Ne); 1EAEFERE T Bk gpe AR RIS R E MR O(N2). #
WA W, ASCRR E B AR RS, B EE S BB EEHE Ny AZEGRERBHBEX. £ 4 17
28 TR S BE AR R R S #2 EE TR, Hd FPMS, M3CD A1 CICM /] C++ Zmikitia
fT1E Intel Xeon Silver 4110 CPU K Linux ¥3% F, AMD, HPT, IRG-McS, SCASC 1 SCEM 1§ F
MATLAB 2016a %4 732 4T7E Intel Core i7-8700K CPU H) Windows 335 ~. MW 4 il IF HA L
Frdi H 1 56 T8 AR 25 178 A s i 7 25 BT 5 B ) e 2>, B0 RO AR e, B A AR 9 1) S o 2 FH AL

4 g

ASCHR T — MOERU B T 2R — B R R RO ) S YRR R MR AR A N . ST iE IS K
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A structure consistency-based energy model for heterogeneous
optical and SAR images change detection

Yuli SUN, Lin LEI" & Gangyao KUANG
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College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China
* Corresponding author. E-mail: leilin98@nudt.edu.cn

Abstract Heterogenous change detection is a topic of increasing interest in remote sensing. Due to the different
imaging mechanisms, it is impossible to compare the multitemporal images from different sources directly. To
address this challenge, this paper uses structure consistency to establish the connection between heterogeneous
images, which is imaging modality-invariant. First, we construct a K-nearest neighbor graph to characterize the
image structure and explore the relationship between the image structure and the node state. Then, we propose
a structure consistency-based energy model to characterize these relationships and construct two functions to
measure the energy loss both when the change occurs and when it does not occur. Finally, we solve the energy
model to obtain the change probability of each node and segment them to obtain the change detection results.
Since the proposed method is based on the image structure, it is insensitive to image noise and imaging conditions.
Meanwhile, the method models the node states directly and can fully exploit the flexibility of the energy model,
enabling it to be applied to different change detection scenarios. The experimental results on five real datasets
verify that the proposed method can achieve more efficient and accurate results.

Keywords change detection, heterogeneous data, energy based model, structure, multimodal
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