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Abstract: The 750 kV Chaiyu transmission line across the Qarhan Salt Lake area is an important part of the energy transportation
channel in the western part of the country. Affected by the special geological environment and human activities in the salt lake area,
some tower foundations have uneven settlement, which seriously threatens the safe operation of the transmission line. Aiming at
the problem of deformation and failure of tower foundation in salt lake area, small baseline integrated aperture radar interferometry
( SBAS-InSAR ) technology was used to carry out remote sensing interpretation of Sentinel 1A data in 2018 before the

deformation and instability of tower foundation, and the distribution of ground subsidence in salt lake area was obtained. Based on

HEEE : [H 5 WA 7 A B AR5 H (No. 52280721000A), 45 W 44 5 : SGQHDKY0SBIS2100034.

EE BN & (1998— ), I 058 A, 322 DU PR 8% Hb 5 ¢ 3 AU DT 5 48 38 07 T A 9% T4 . ORCID : 0000-0002-3397-7534. E-mail:
begin@cug. edu. cn

* BWAEE HEF , E-mail: lei. gui@cug. edu. cn

Sl AR Gl dh, B biole  RERE RO U, SRS 0 B L 2024, B T TE I 5 1) 980 M DX A R 0 T RS b T DR B S MRV MR, 49
(2):538—549.
Citation: Jin Bijing, Yin Kunlong, Gui Lei, Zhao Binbin, Guo Baorui, Zeng Taorui, 2024.Susceptibility Assessment of Land Subsidence of Trans-

mission Line Towers in the Salt Lake Area Based on Remote Sensing Interpretation.Earth Science,49(2) : 538 —549.



% 2 o LT R AR PRI T M X 46t 2 BRI b T LVE 5 % AT A 539

the frequency ratio method, eight evaluation factors with strong correlation with land subsidence were selected to construct the

evaluation index system of land subsidence susceptibility in the salt lake region. The multi-layer perceptron neural network

(MLPNN), logical regression(I.LR) and Bayesian network(BN) were used to compare and analyze the evaluation effect and accuracy

of land subsidence susceptibility in the salt lake region. The evaluation results show that the evaluation accuracy of MLPNN, LR

and BN is high, which are 0.85, 0.84 and 0.82, respectively. This shows that the method of combining the sample data of land

subsidence obtained by remote sensing interpretation with machine learning is an effective means for evaluating the susceptibility of

ground subsidence of transmission line towers in the salt lake region. At the same time, the evaluation results can provide reference

for transmission line tower monitoring, operation management and new tower location.

Key words: salt lake region; deformation and failure of tower foundation; remote sensing; frequency ratio; machine learning.
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Table 2 Classification of land subsidence susceptibility evaluation factors in study area
PEAN R e B3 SRS AL M L MR ORI RS B M e DR AR & L FR
0~5 797 379 0.777 132 214 0.854 1.098
W) 5~20 Ui 202 985 0.198 21633 0.140 0.706
=20 25 371 0.025 1035 0.007 0.270
—0.2 78 901 0.077 11063 0.071 0.929
N —0.2~0 513 544 0.501 81 362 0.525 1.049
1 T i 2R b2 gl )
0~0.2 355 055 0.346 52793 0.341 0.985
=>0.2 78 235 0.076 9 664 0.062 0.818
<—1 91196 0.089 9984 0.064 0.725
—1~01 579 113 0.565 92 804 0.599 1.061
i i 5 iz gl
0.01~0.02 302 010 0.294 43169 0.279 0.947
=>0.02 73416 0.072 8925 0.058 0.805
2B BT 250 609 0.244 65979 0.426 1.744
BEUUR 88 626 0.086 10 387 0.067 0.776
WA 34 406 0.034 17 748 0.115 3.416
WA ] 229 941 0.224 31112 0.201 0.896
i 2 A B
Y 125001 0.122 552 0.004 0.029
LA 48116 0.047 7964 0.051 1.096
A R 2 197 692 0.193 21122 0.136 0.708
T 51 344 0.050 18 0 0.002
0~300 44133 0.043 14 596 0.094 2.190
L 300~600 41710 0.041 11136 0.072 1.768
ST 3 A9 B 5 (m) B B
600~900 72 020 0.070 15 885 0.103 1.461
=900 867 872 0.846 113 265 0.731 0.864
<6 173 047 0.169 16 292 0.105 0.624
] 5 6~13 ) 443 366 0.432 64 892 0.419 0.969
B AITAE R LR
13~25 139 927 0.136 21 697 0.140 1.027
>25 269 395 0.263 52 001 0.336 1.278
0~400 158 670 0.155 25 895 0.167 1.081
R ) 400~800 132 811 0.129 19 808 0.128 0.988
1 38 % A4 B S (m) R
800~1 200 118 658 0.116 17 106 0.110 0.955
>1200 615 596 0.600 92 073 0.594 0.991
AT 29 530 0.029 2667 0.017 0.598
L 114 370 0.112 32 656 0.211 1.891
- 1 ) 25 A KA B o 4997 0.005 79 0.001 0.105
i 795 944 0.776 66 495 0.429 0.553
itk 80 894 0.079 52985 0.342 4.338

35 WEREBREMEFESELLES T

R T F R W A X AR B U S Ml T DL 5 R
PEVEHRE BE 76 b T80 70 [ B 1k T AE 43 i 5 A
JIT 3 46 bR 22 A] R A5 A TE I 2 P TR) (5 7 OF 4
2019). W MBSz Widsbn £ 2 2 Ik H
¥ (variance inflation factor, VIF) il & Z. & (toler-
ance, TOL). il % , VIF /N T 58 TOL KT 0.2 1,
T 2% W BT 3 BOK - A AFAE 2 L e v LU T

Ty AR R A R e (SR AE , 2020) . 4036 3 B, BF
FE X VAN R 1 5 R 5 22 I ik A e /N4 22 011,201
10787 , 0BT 328 I b T K By A A VAN DR 5~ A A7
e L L[]

4 PEOr R SAR

H A A % X M T DU & R A VEM FE FR K R L 32
JH MLPNN LR #1 BN = 2845 5 JF & #ff 55 X 3 11 770
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Table 3 Multicollinearity diagnosis of evaluation factors

P 6 Hb I ULk S & 1o 9
Fig.6  The land subsidence susceptibility maps

£3 FHEFEELLEMELE K% 5 ke M b

e F 41 B ik (Hakim et al.
P F 5T X b 1T T % 10 5 1 S5 Gy A AL

2020)

FHET TOL VIE W 5, A A RN IR 6 R 3 4 R L R LA B
. 0693 Lo 5 I T 4 55 25 I S G SR % BT 95 Xl T
HI T 2 0.808 1.049 - L ) ; ]
i g% 0787 1108 VLR RO = 8 B A X 38 8 e A A v AR 0T b X
b 0.873 1.145 XEBIEMFERMARART Y E, HPE X
B T 4 B 0.947 1.056 A A T B R 0 107~110 2 FF 55 35 07 T W 25 5 % 1
HiL T 4 B 0.863 1.159 X 5 A
R v Lo 32 FHT M TET LI 55 %2 A5 He e X BF 91X 55 2
- b I 25 A 0.964 1.038

TEM 45 AT IS, 2% 4. MLPNN LR . BN #5 %I 3
M J SR W = 5 e XS S B (FR) 4353 4 102
574(4.467),102 574(4.285),102 574(4.438) , W 5% IX.
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Table 4 Frequency ratio of land subsidence susceptibility evaluation in study area
PP AR b RV R 53 SR £ SOLLEs) M UTREMAR B st R L (00) FR
B 307 720 0.300 3218 0.021 0.099
it 205 147 0.200 14 312 0.092 0.722
MLPNN il 205 147 0.200 24 241 0.157 1.455
- 205 147 0.200 45493 0.294 2.699
M 75 102 574 0.100 67 618 0.437 4.467
Ak 307 720 0.300 8044 0.052 0.219
ik 205 147 0.200 16 196 0.105 0.824
LR Gl 205 147 0.200 24 120 0.156 1.777
i 205 147 0.200 42 708 0.276 2.833
et 102 574 0.100 63 814 0.412 4.285
Ak 307 720 0.300 3324 0.021 0.122
ik 205 147 0.200 14 563 0.094 0.747
BN Tt 205 147 0.200 27 349 0.177 1.338
i 205 147 0.200 42 673 0.276 2.728
e e 102 574 0.100 66 973 0.432 4.438
5 #hig

e
#

LMPNN (AUC=0.85)

20 [ A ......... LR (AUC=0.84)

BN (AUC=0.82)

. N
0 20 40 60 80 100
100-4F 7 £
K7 ROC KB £
Fig.7 ROC curves of the three used models

AR 5 Kk B0 5 5 P B b TR TR 2 R PSR FR
(B 3, AR AR e FRAEY/NT 1, 5
85 5 M ) b TR LA XS KT 70 00, SR BIIF SR IX
) b TET TR o P S PP A 288 B X A [ A R (1
BrAB I, FIF ROC il 28 3 Xt R RUPPAR 45 SR EA T A 56
WE 7, MLPNN BRI ZR45 FL 1 AUCH R 0.85, 18 F
LR AR BNBLRL Y 0.84 55 0.82 5 13 BH 78 U1 A Hb 17 17T
R 55 52 e PR 3R 1 A 2P 5 2 b MILPNIN ) 3 0 A5
RIS 5 .

(1) A< Sk 80 H Xy F £ 36 4 A 7 B L ol
Je N T AR 3l Jr 2 A i T e e R L 5| & ) H
HL 4R B AF 38 AR R B OR8N R AR s TR K
Wik R F ] SBAS-TnSAR H7 AR R T #iy o 48
T 2 1) T AR FE A% B, S T M T DT R 1 9 AR AR
Bl 1

(2) &5 & W5 DX b 1 350 56 155 50 11 Hi J5E 2R 355 R 11E
LIV 2 il T SN A T S ) =R = G N R
T R b R T R R B O BE R L bR
ST 8 2% M T 19T g B4 B ) PR A K 4% R ) A
SEPEVEAT R B S5 HESL T SR 15 Ml X b 1 O R S K Tk
P AR 5

(3) 38 2k Hby 18 W0 R B 1k T 4 R R L R
2 J2 B A A 26 I 2% B R (MLPNN) | 3% 45 (5] 19
(LR) DU 3 (BN Y (% DF R B 35 4, (B IR
1M 75 MLPNN #52 #Y (8 P74 K B2 AR 58 5 4 7 A 158 Y
W, GRS 8. R Tl i A R
A AG Ml T 0 A AR A B 5 PR 2E 2 A A 0 T R
2 W0 M DX PR 2R I AT 3 Hb T U R S PR SR AR 1Y
A BT B [, Hb i TR 5 & M R T 45 R 0T
I L R PR AT S WA s A TR S e R S
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