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o kR

4y E R T K F Deeplab v3+22#4, H A Backbone 4 MobileNet v2, &I AEEIE42m bit/E A

8G GPU: A Mi#)E 288 f£ 4 /sec, 3.99 km2/sec
REMEE18minZE A7 58 BN 52 M4 T B 7K A4 1)

ASPp  Dense Rate for remote sensing images
Encoder s m} 1x1 conv

Stochastic Depth @ 3x3 conv. rate=2

v s i o
oo 3x3 conv. rate=5
SRR B R
I m]
o q 3x3 conv, rate=8

3x3 conv
\ Global avg pool -

BackBone: MobileNet v2

Decoder | - WX,
Upsample 4x 3x3 conv ! Upsample 4x s
'S & g ‘ ©- M=,

Recall (H[FZ) : 0.951 Precision CK5) : 0.950 FEAR & (256 x 256, RGB) :
Fl-score (F1-43%0 : 0.950 loU (&3 - 0.906 . 10481 k. 3571
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1. KRR EUEEE-Satellite dataset | (204 512*512)

QuickBird, Worldview, IKONOS, RF=SZF/¢54iE, HPESEE0.3m-2.5m, RGB=i&E&E
571 0.3552 (building:9808620  background:27612436)

163 0.3287 (building:2642739  background:8039629)

82 0.3321 (building:1339893 background:4034059)

2. FPE MBI FAYISESIEUESE (5985 500%500)

RGB=IEIEYFEUE, H#EER0.29m 2GR EFBE: 2017-201945 B X s b=, L. FYIREX
16758 0.2440 (building:215397904 background:882854384)

4788 0.2496 (building:62672748 background:251113620)

2394 0.2502 (building:31401024 background:125492160)

3. BRI NXEGPERYSEEIREE (4000 512*512)

BOS. aM—SXFEEE, DHEMTIm, RGB=EE

11117 0.09345 (building:62287518 background:666276194)

3176 0.0922 (building: 17566657 background: 190575679 )

1589 0.0983 (building: 9317789 background: 94818915 )
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Dice 0.8137 0.8498 0.6369 0.7610

<Cross entropy 0.9195 0.9242 0.7833 0.9128

Cross entropy

(Without weights) 08698 09430 05069 ne
ice+
Dice+cross 0.9143 0.9272 0.7876 0.8956
entropy
Dice+focal 0.8724 0.9446 0.8115 0.7669
Cross entropy 0.8891 0.9437 0.8148 0.8093
+focal
Dice+cross 0.8685 0.9408 0.8015 0.7629

entropy+focal
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1d-QCO(Quantization and Counting Operator)+TEM (Texture Enhance Module)

EARAE1) AAEENd-QOCERIAZIMUESLESFITRIBRY, ITIVGRISERRIESITHER,
2) MEBPMRERHITER, NSRRI TEEINIETFEERAEMRERIFITHER

FCNs, U-NetZiE=SeBlE N D EIMBRAIMERXEESR, FARNSERHERTHONT, BIERIN DAMERIGTER
BRI FIITER.

Cc1

R —
1d-QCO { o iie o 1 —
.............. —

X :‘Matrix Multiplication

:' ® -Quantization Levels
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i ]
Image t1 i, j Pixel Value B(i,jz\
N\
B(i-1,j-1)

1 “\

-1, 5400 ik, 5 i1, j+1

EAITWE
Image t2 ) *;'*' » G(i, )
i+, -1 i+1,j i+1, j+1 gg_l.j_l)
Calculate Xdiffo for each link
Legend: R(, )
P4 Suppose that link 1 has the minimum Xdiffs R(i\-l.j-l)

\:\ Exchange the pixel values
B- Band Blue; G- Band Green; R- Band Red

+*+ QOther Bands

Image t1

Remain Unchanged {5z} e i 5 F8 «
ANETFALGH) SIFT FUHR UG e 53k

Traver.se
aﬂ,tlhnifg”éis FBASR HH— AT . R T 1R c AR
APER B ShfddERE, s EA S
| AR B R 40 JR LR TR SR ST
Reorganize
- Image t2
mage | AABLEEHSE:

Xaste, (. K) = min {JZL (tiz(}) k) —t(p, Q))z}

(pEfi—w.j+w].qelk—wk+w])

{JZL (4610 -t q))z}

Xaifr, ( k) = min
(peli-w.j+w].ge[k—wk+w])

Where N is the number of image bands.
We combine the two difference images in a second calculation as:

M = xge, (3, K. if Xaier, G, 1) = Xqies, (i, K

M = g (5K, if Xaier, (i, k) < Xaisg, G K)
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The CDD dataset
(No spatial alignment error)

The Pre-event Image The Post-event Image

/717132 44 [ /717132 44 7
/

/ 9 10 19 17/ /9 10 19 17 / / /

/ [/ /
/ 1215 11 8 ) f1215 11 8 [/ /
/ 86 1918 51 | /56 1218 5 1 |
] 2 60 1272 [ [/

/ // O E 40 I3 5 / / J'/

/1 20 17 87/ [

The CDD’1 or 2 dataset
(The spatial alignment contains an error of = N pixels)

The Pre-event Image The Post-event Image
(remain unchanged) (move downward to the right)
/' 7 17132 44 / 7 /0 00 0 /7
/ / S
/ 9 10 19 17 ’ﬁllmthe /0 0 0 O
// 12 15 11 8 / /gaps with 0/ 0 0 7 17 /‘,
56 13- 135//‘ / /0 0 910 //
/»’/ 2 170 172 144/ § /-‘" / 0 0 12.15 /
/ 0.4 175 200{' /] / 0 0o 5611/ / |
I 1 % 17192} { | / 0 0 2-170/
\\ /7/, ,,,,,, el
Change

FEFFJER) CDD $i3E4E b\ THliERCHE R 2

Original

N L&

Misregistration error: 5 pixels

Before After

A HC 7R 5% 22 M B B T R 25 R



EFFIRY) CDD ¥ #i4E L%t st : CDD HPRE=ZRE 17284k p e R G R4, H B 47160001 B4 4E,
B R ~F 25625615 2 (10000 VIl 2R 4E LA K 3000/ N A AIEAESE) , 25 [E) 4 ¥R N3%100 cm / pX.

Table 1 Performance comparison on CDD data set

Method Parameters(M) Precision Recall F1-Score
FC-EF 1.35 0.609 0.583 0.592
Baseline 1 FC-Siam-Conc 1.54 0.709 0.603 0.637
FC-Siam-Diff 5.39 0.783 0.626 0.692
2 2% ) -3 38 XUE = SIHLE DASNet 16.25 0914 0.925 0.919
i BVER JIMLE| STANet™ 16.93 0.852 0.892 0.872
UNet++ MSOF 11.00 0.895 0.871 0.876
IFN 35.72 0.950 0.861 0.903

FFUNet++ )R f %Y SNUNet-CD 12.03 | 0.956 0.949 0.953 |
SiUNet3+-I" 26.99 0.940 0.858 0.897
WL S.iUNeBJr-IIi 26.99 0.943 0.857 0.898
SiUNet3-+-II1 26.99 0.948 0.867 0.906

SiUNet3+-CD" 27.00 |_0.950 0.870 0.908 |
SiUNet3+-CA-CD 27.00 0.949 I 0.866 0.906

1 I SiUNet3+5 7
EER LI Si R The Second Best
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Layer

Layer

The BCDD dataset
(No spatial alignment error)

The Pre-event Image The Post-event Image
/717132 44 [ /117132 44 [
/9101917«//“‘ /91019 17//,
1215 11 8/ / 1215 11 8 // /
/5617135'//’ 5617135///’/
/ 2470 172 134/ / / /2 60 1272 / /
0 4 175200/ / | 0.40 15 5 /
B 1 2 137192,4-"‘/ / / 1 20 17, 8 / /
G / e [/
R / /
Change

¥

The BCDD’ dataset
(The spatial alignment contains an error of £ 2 pixels)

The Pre-event Image The Post-event Image
(remain unchanged) (move downward to the right
(7 17 13244 | L /00 0 0 -

91019 17/ Jofinime /O O O O //

/ 12, 18 11 8/ /ga/ﬁswnho 00 7 17 / / /

56 17-13 5 // / / 00910 /) /
2170 172 144/ | fo 01215/ /
/04175200/// /0 0 s6 |7_f/ /
-B 137192/ /0 0 2 170 /
67 /
R | ——— /
_./'//

Table 2 Performance comparison on CDD’1 and CDD’2 data sets

Dataset Method Precision Recall F1-Score
FC-Siam-Diff" 0.764 0.583 0.662
STANet" 0.840 0.871 0.855
CDD’1 SNUNet-CD* 0.895 0.824 0.858
BidEiRZE N 24ME 6| SiUNet3+-CD' 0.932 0.863 0.897
Pre-SiUNet3+-CD" | | 0.943 0.868 0.904 |
FC-Siam-Diff* 0.694 0.569 0.625
STANet" 0.842 0.827 0.835
CDD’2 SNUNet-CD" 0.886 0.810 0.846
BeiE R 258 5ME TG SiUNet3+-CD" 0.911 0.836 0.872
Pre-SiUNet3+-CD’ 0.940 0.868 0.902
FC-Siam-Diff* 0.398 0.540 0.453
STANet" 0.797 0.626 0.696
BCDD’ SNUNet-CD" 0.783 0.743 0.761
RCAERZEA SMRIC|  sjuNet3+-CD 0.822 0.731 0.772
@ﬁwgwﬁﬁmmﬁ% Pre-SiUNet3+-CD" 0.853 0.747 0.796

Best results are highlighted in bold. Pre-SiUNet3+-CD denotes the SiUNet3+-CD model
with pre-processing. Other notes in this table are consistent with those in Table 1. * means
our re-implemented results. To ensure the fairness, we adopt the same batch size (2), epochs
(60) and original learning rate (0.001) for all the re-implemented algorithms, and the
relevant BN layers are all replaced by GN layers, and ReL.U by Leaky Rel.U.
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prediction
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Skip-connect

Res Block E > E Res Block

T ' oA . IR
Res Block \ ey Y 2 ‘.'b,‘." IR
- probability g
| 0.5x ) e O § ,
l 0.5x

0.5x Skip-connect T 2x
ip- e
Res Block a4 »  /_/ ResBlock
| 0.5x I 2x
Res Block y 4 > // ResBlock
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