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Abstract

Accurate landslide detection is extremely important in emergency rescue. Aiming at the

problems concerning current landslide remote sensing detection that the fusion and utilization of
spatial, temporal, and spectral features are poor in target detection model and the accuracy of
recognition is unsatisfied, in this paper, we propose an accurate landslide detection method based on
multi-source remote sensing images, leveraging the fusion of spatial, temporal, and spectral features.
In specific, we construct a new multi-bands remote sensing image dataset, exploiting the registration
of spectral and scale spaces based on the remote sensing image before and after landslide. Moreover,
we combine the features of temporal variation, spectrum and spatial shape, which are transformed
into the spectral representational model. And then, the support vector machine (SVM) algorithm is
used to identify the landslide objects based on this new image dataset and representational model.
Furthermore, we use the typical shape features, such as the axial aspect ratio, area and invariant
moment, which are extracted for the fundamental shape models of landslides, to further classify these
landslide objects. Finally, we conduct extensive experiments to evaluate the performance of the
propose method by comparing with baseline methods. The experimental results show that our method

outperforms the baseline algorithms, while achieving up to 95% accuracy in landslide detection.

Key words landslide detection; multi-source sensing data; fusion of temporal-spatial-spectral features;

information extraction of landslide; support vector machine (SVM)
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Fig. 1 Results of spectral space registration for remote

sensing images(remote sensing images of Sentinel-2)
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(a) The R component of unregistrated remote sensing image
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Fig. 2 The histogram distribution of unregistrated/
registrated image for landslide area
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Fig. 3 Registration result of characteristic points for remote

sensing images before and after the landslide occurrence
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Fig.10 Distribution of training samples for each

detection method
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Fig. 11 Distribution of test samples
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Table 1 Used Bands and Parameter of Comparative Methods
F1 EXNLFEEANEREMSHIEE
Methods Used Bands Parameter
Otsu R, G, B (3 bands, image after Nothing

Bayes Classifier

Traditional SVM

SVDD

NN

SVM(8bands)

Ours SVM(8bands) +

shape feature

landslide)

R, G, B, NR (4 bands, image
after landslide)

R, G, B, NR (4 bands, image
after landslide)

R, G, B, NR (4 bands, image
after landslide)

R, G, B, NR (4 bands, image
after landslide)

R, G, B, NR(8 bands, where 4
bands image after landslide, and
4 bands image before landslide)

R, G, B, NR (8 bands, where 4
bands image after landslide, and
4 bands image before landslide)

The number of training samples for landslide is 25, and these for
background is 112.

The number of training samples for landslide is 25, and these for
background is 112. The kernel function of SVM is linear; the method to
find the separating hyperplane is quadratic programming(QP).

The number of training samples for landslide is 25. The kernel function
of SVDD is linear; the method to find the separating hyperplane is QP.

The BP neural networks consist of three layers. The number of neurons
The

number of neurons in the second layer is 6,and the transfer function is

in the first layer is 12, and the transfer function is logsig (n).

tansig (n). The number of neurons in the output layer is 1. and the
transfer function is purelin (n). The maximum number of training is
500. The accuracy of training requirement is 0.01, and learning rate is
0:01. Gradient descent method is used for training the neural networks.

The number of training samples for landslide is 25, and these for
background is 112. The kernel function of SVM is linear; the method to
find the separating hyperplane is QP.

The number of training samples for landslide is 25, and these for
background is 112. The kernel function of SVM is linear; the method to
find the separating hyperplane is QP. R, € [0.25,4],R g, €[20,300],

7<20.01.
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(e NN

Fig. 12

‘ (f) SVM(8 bands)

(g) SVM(R bands) + shape feature
(our method)

The detection result of comparative methods on Sentinel-2 remote sensing images

[l 12 Sentinel-2 7% B B4 b & XF 1L 5 v W Bk U 25

Table 2 Accuracy of Each Method for Landslide Detection

x2 EMAEBHEERRAINBER %

A?::ir;iym Otsu Cl]jii]ii:er (451;2/;9 SvVbb NN (SSI:zllnMds) ?eul\ifi I??;f:ivlti?;;;
Correct Detection Rate 62.77 85.40 67.88 89.05 61.31 94.89 95.62
Missing Alarm Rate 37.23 14.60 32.12 10.95 38.69 5.11 4.38
False Alarm Rate 27.62 12.65 8.95 14.98 8.56 10.70 4.47

e E 12 ik 2 LA AEGER Otsu ik
F AR H ) H AR 09 58 AT B B R AT 2 FI AR
S XE DA DX 43 ) Bl TE B A S R 1N T b
Hbm B AR R IR B2 45 2% . i T RN TR B AR R R
Z Bayes 43 3 a5 X W e URORE B AR L (H R R 4
R S R D 255 R T BT R A A M R AR LR K
JEH R.G,B,NR X 4 DM E#HATET SVM 1
Pl A I, HEIE A UK A 67.88 %0 L H I E R i = L It
H 5 3 56 4 3 9 VF 22 U 25 o A 7E TR0 AR
SVDD J7 ¥ AR SO B AT A R R L A
12Cd) AT LA W, i 7 3 ) 8 50 A GE B 55 H bR A
ME LA IX 43 NN J5 7k BB DX 43 R 43 8 50 L % B b
LS 8 35 190 T B 3 50 56 0 U A R 1 S AR R K
AR A 8 W B R T 2 T SVM A9 I 3 A v
RPN BT, 456 18 12D AT LA 350 37
TR T2 0 T R T O SRR A AR fL R AR 5 T
B 55 A ARLAL o DR It At a5 b R ) B T M 3 AR L BT A
HAREARIR 10.70 %0 AR I R AEH T SVM Y £l

7 1 FE A T 35 Al R R AL S BT X A
B 2R B9KS i o3 18 AR R 9 PR B ROCR AN 8 12
(PR AR 2 AT AR SO kA L bR T iRy
JE R W TE A N AR B 9506 DAL [ I i
ARNRERN T 447 V6. 30 3 22 Bl R U A0 U 5 vk
F XS He AT U HR S AR SCH H B0 O i e AT RS A A
THAL Z FO7 k.

4 WMFHEWR

AR SCHR H B T SR A I -5 RO T Uk 2 BRI
TR R R EAR I OE IS R | AR 0 R AR A S ] JE
MARFAE. HARSEBUL R AT

1) 7E 2861 — R 23 ) IE v 19 9 i A0 9 TR
Sfilh b A 22 i i AIE Rl 1) 2 RO AR RO 4R L R R
R 9 Jr 18 S A B b e T 5 BORAE A5 B Rl & e 3R AR
S I R AR B B ) 25 O T il 42

2) AT SVM X £ i s o't 1 ih Ze 47 R0
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P HUE DL 9 1 X e O P SVIME R 5109 B L A ) T
cHl S B AR RS BRI fE R a5k 2
SVM(8 Bands) 1 SVM (4 Bands) P+ %4l il LI &
L Rl A AR A BORDEIEE RS 1 3 IE 6 U S g2
T 27.01%.

3) 4G I B A R AR FRAEXT SVM 351
S5 JL AT 433 AR AL % B8 1 R T Y & Eﬂﬂ%}t{é
BaA 2 H AR R T e &S IO IS R L AR
AR RE AE FITE R ARE A 1 Rl A 0 . 285 & 3R 2 s
55 FRAE T M A SC R 28 T 1k ) BT B AR 1 R A )
HE— 2 4 TE, [A] B 5R 4 2 AR IR IR FR AR B SVM
(8 Bands) TF&T 6.23%.

W Wk I 3 AR D R B B T R K

T JER P ARONT LG 4 B B U R A S0 O 1k
@%EE&'E:‘BELHMH RGN B RE W, 3T S 5
S PRG35 T e 30 PN I IR A A S 5 B AR
FEHT EME AR 5 R K BT ] 2 AT BE S AR Z 1
AT B 5 WA AR SC T 15 % i U RS B

5 #itERE

AN SO 38 SR P B P AR AR AIE L DI 3 A A
I‘ﬂﬁﬁ%%ﬁ%ﬂ%%ﬂﬁﬁﬁ%fﬁmﬁ,%m—ﬁ%?giﬁ
12 R IR 223 R IR R ) B i R A D O 0k L AR 22
18 SRR PEUGOIG115 23 ) C o R RUE 2 [ TE oA 1 B il - A
AL T 2 4 AE Rl A A 2B RO (OO 4R L B H AR
DX 38l I 72 A A 3 ftﬁlﬁ"]ﬁ%(%fﬂAﬁﬁJﬁﬁ SVM
X SR HEAT AN 55 TR L 25 5 A TR TR AR AR A X 4G 0
LR PEAT o B AR AL 52 BUOL 7 18 B AR | 2= i
22 2 R LA T SRS 00 I S O T B R Y
A AR BRI T — R 7 ik
T*%/FI?EEIJ%Z{I‘]%HF%EJ‘T%E\ﬁﬁﬂigiﬁi‘%a
T EL R A RN R A R AIE IS v i 2 1 S
1 Bl 0 L A T2 A e I 8 BB A A A B
P 2 TS BT 3 H AR B DR OEERS B SR
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