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Application prospect of Al technology in the land
subsidence analysis

QIN Tongchun', YU Tongyun', WANG Yong>, NING Di’, WANG Haigang’
(1. Department of Civil Engineering, Nantong Institute of Technology, Nantong, Jiangsu 226001, China;
2. Hainan Marine Geological Survey, Haikou, Hainan 570206, China; 3. China Institute of Geo-Environment
Monitoring (Guide Center of Prevention Technology for Geo-hazards, MNR), Beijing 100081, China)

Abstract: As a global geo-environmental issue, land subsidence poses a severe challenge to urban safety and
sustainable development. Traditional methods for land subsidence analysis face challenges in terms of speed and
accuracy in big data processing and monitoring; it thus requires new approaches. Artificial intelligence (Al)
technology, as a representative of new quality productive forces, offers advantages in data preprocessing, model
construction, and trend forecasting. This paper aims to further integrate Al into the study of land subsidence
through a literature review. Initially, the paper provided a background introduction to Al and analyzed its current
application in the field of land subsidence. The application of Al in land subsidence from the perspectives of

monitoring and early warning systems, as well as macroscopic and microscopic mechanism studies was then
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prospected, highlighting the potential of Al in improving efficiency and accuracy. Finally, this review analyzed the

limitations of Al and proposed suggestions in the future. It states that the study on land subsidence requires further

assistance from Al technology. A deeper integration of Al technology into land subsidence analysis will not only

improve data processing capabilities but also provide new insights into the early warning and effective control of

land subsidence, contributing to the advancement and development of the field of land subsidence.

Keywords: new quality productive forces; Al; land subsidence; data processing; monitoring and early

warning systems

b TET I R R A R TR AR T R AR TT
R W ILIT R A B I3 264 AR A A5 TN 3R 5 A i 3R
e N RN, BEE MR bR . A3 T
i B B, A ERAR 22 5] 5 B[R] 7 ) v O

W, S BT Sl M T A L T 2 SR (R O I

FE Al B 41 IR A AR IR, A KR K AR, MR KOs
PN i £ 357 1 25 PR 85 3t o ) AT 20,

XF TN Ry PRZR S R B b T T R AT L 5K 4 B
AL AR I AT B 4 o R A M TR IIC AR M R 2%
BT T A R R, M T 2 on S A I
2%, BT AL GE I X 0 1 2 1] ) 2

0 B K Wt S A B

GPS Wil . InSAR W5 | 56 £F S W I Fn M T 7K o7 W
WA, 7 A 1 T o 1 245 4 16 5 AR S A A W D &R g e

Hby T I9C B2 AT 5 o 5 SR FH %) A% 0 5040 Ak 38 7 3k DL
giiteF oyl E, wAAERR G . s rEgE it
G307 AR [IA 2 B 45 o (HJR TR R %
W, g e @ ok R F oK. tin, 7E b3R5
PEmr, B TR AL B R E R, f B R A
Do B A R AT I RN B ARy b i B v, W A
I3 AT 2OV 6 RS TE 5 0 5 s A7 A0 31, [R] A A Tk
PEAIE M BRE IR, LR IE 25 50K B Ab, $dis oy
Bt 2 A [R) A1 B, G SB2% YOR 54 ek J 2 T 7
JE A, OB EBU A i  AE e . N T R
(artificial intelligence, AD)+% AAE A 387 Bt A 7 ) 1Y H %2
ZH R Ay, R B T Ak B AR TR R A0 T ThT
FOA% 58 A8 T ok B R, A R

B T 7EBCE A B v e B R A, AT R 7E Hb Bt K
W FE R WA R TN, S HOR RN S e
A1 bR A O AP b B U, R R I P e
o7 IR BE AT AT R RE T o 3K 28 R G RR A% S A W b
KA . M K7 1800 B 45 G 48 A, JT 38
aof v e b 3R GE AT IR A S ATT, AR AR TR T A 1 b
oK FE LR R R R e, b T T R R 2% A R Ml B R
F, 55 kM b T U HE AR L, ATEE R B AR AN

o HRT AL AR TE b TR A5 b A R AR 7
b o b b BB BE, AALSE B R BE v, R B S
PR 4 T BE W A, (H R E R F R A
AT F AR B S b ™ (2, R R b T TR F 53 6 5E T
SUHHE Z Bl . N T S E Y BT TR SR, IR
A HB N ATH: AR S 8 b 187 TR 5% 3 AE 01T o

AR SR WL [ PN AN ST 58 SCR A SRR L 2Rk
T AL H AR A M T TR W ZE Y ;R BRAR, xR A T
ST TR, ST T ATER AT RE AR AE A9 JE O 42
TR S, BN AT R IE— 2 5] A M T LR
FFE, i S b T T R BIF 5 S0 1) a0 25 R J2

1 AIFEAREHMETERR PN AR

R

Al — Tl f AR T 1956 4F, i K8, B L%
BHEZE RN, AL DB AR E L h o
X4, B FEAE A A0 5 A N R I BL AR, ST
S KM ET R EGORG] B RE T AL
BT U, HEEA DOk, AT AR EERYY DA it
VI NNEER7 3 N = B k= UNE SR P SR X b e
SEREPESERE . AT JLAR, FE M DTREIT I, AT AR DL
LR KB R A SR T, S 43 B A B AT 2% 1) Hl T DT
AR R AL T B A

i R 4328, AL AR W] LUy LA 2% 2] (machine
learning, ML) . ¥ J& % 2] (deep learning, DL) . H X i
FHAFE R LS AR . BB B AT R TE
b Y 0 R AF 5T P A A, R B R ML A DL A 5 A
(SR .

Al ML, DL =& Z [a] i) 5 £ n] LA Ay AH B4
TR, Hoh ML J2& AL T4, DL & ML i 74 .
W 1w, ML 5 DL B X507 T, DL A8 REAL R 1
C= I ERun RN E S S B I €T ek 31
A FHIRAE, A AT 58 BRI b B AN 43 BT ik A0

i 25 B Bk R Wl AR LA T B AR R RS IR A
0 b 8 T 24 A0 AE A R R B LA PRI KD, AR



- 234 - 7K SCHi B TR b R %56

HAEmA

TR

N TAFESEI

% A
LEHLR ]
< BRI Py
‘ e mmEnsy @

k&» sy @

ZARFIE AR 2R

1 AITEEMNBZEIURRERZIZEHHXER
Fig. 1 Relationship of AI, ML, and DL

P LU K FR A F 58 ), AF T T R s, 5 FH A ML
BRI YLk A2 U7 K 4K (k-nearest neighbor,
KNN) . 3% #5 =] & #L (support vector machine, SVM) , i
HLAE M (random forest, RF) | J [7] 1% i (back propagation,
BP) M P 2& | 3= Al 4343 T (principal component analysis,
PCA) . Apriori #7145 ; & F i) DL B4 Kk g2
3 I # 22 W 4% (long short term memory, LSTM) . % 1
™ % ( convolutional neural network, CNN) . 5% [ 3% /R 2%
B A FEIRVERA A B LB, AR AEAS [ A B
iy 5k £ 0 0 IRE AU SRk, R R A AR T A0 AR 1Yy
KA

B AR &R, BINANE &A 380 #41 Al
e AR Ry T b T PR 58 b o H S H A SRR A L

B &R B A B o AR ST R . WOS,

Scopus % 3 It SCHR 25 A KHE PR, B A b e T
AL AR R H 1w 30 R BIF 5% 04 AH OG SCik, 3R R
% . [ PSRN AT S AR A T b TR B 5
F BRG] T A3 BT . K R T AE RO G v
AT T, K ML A1 DL J5 32 % 808 2847 43 A, 9%
b IO AR b A S S R PR I O R U,

DL ML AR ], SR FH b, 234 R ML AR Y
A Sk b T U A e B L ) PR 2R A RRAE I R O b R K
AR | KRR | 1A 48 A5 R i) b T U R 1Y)

PR AE Ry [ A8 o, o b T 0 R 2 1 R PR A o, DABRCF
FARE S BT B (B N FEBR R0, L, Zha A8 PY A
FH BP A5 A AL T b S % PRI DX b IO R K R
S5 A mT U T p AT D R v b B R KA AR AR
A R 45 J2 V5 P R SR T RS AR 1 A R E R 2 SRR
Hi R KA 55 b T TR A /N BRI S A G
R, B R X RE AL SE R . Shi 452 F
FH PCA AR AR 8L T b 50 b 1T I [ et 5 3 R K 2 AR
b, T 45 2 TR B 22 0] 1 G 3R, R 9 45 1 3% B b 1 370
B 5 [ 2 22 R FTE IR R R R

ML 58 5 AT AR i b sz 19k b 1A T o4 % HC 52 i) [
22 8 5 & EE X T e AR L B diE , DL S Al
BN G o AT B R 4 R G 0 B AR AE,
Gy R T DL A AT b DT REIF SR, L
an, Li 5527 25 18 2 M 1 0 R %) A 42 e s ()44 1
K T LSTM A5 U 4 g8 1l 1] U B 5 5 7T % 46 )2 )&
JE B3 R R, 45 5 R LSTM B2 A 7E BT %
R AR Hb DX AT A ol R, A 0 R T B X8R 1 38
5.

T B AR R TN B R, A 2 ML
DL #E A 4] A fff FH ol 2 A% B, DA e i
ZELSTO L AT AR P Rl SR T BP AR AL | RF AR
R SVM Y | KNN B X6 b 5 i kil T 5 350 b



2024 4F

ZEIRAR, 45 N T8 e RAE b 0 TR R 58 vh iy B 1 5 e - 235 -

THT 19T % 1) R R AT 0F 5, AR 9 245 SR e ) KONIN A 78U 7 4k
PRBHEAEA AN JE B0 Pa) R 5 30 i T R R

ZEAr RIS BUIR, AT B AR AR b i UL AT 5 v Y
N A G0 4

(DAbFAXS R A B Br . M T H b4 B), AL
AR AE Hh T T RAAE 5 b I R 3 A RS A B B, B %6
{51 R 5% Kt A R 35 2

(2) WA LB E IR Aefb . B A 7E 1w TR i
7 R ARy BR T A1) A ML A58 FN DL A5 R 3F 47 500405 43
BT, SR ALFEARAE B SR 5 A3 . THREALSE . HLES
N AR A5 R ) A A 0 oA 7 b T T R T Y P A B
a2 DAE = (| W (IR i S DEE N (5 N T E B
A 2B B Hb ST 45 R W] IR AR 53 BT L LR N B B 3 5
A, AT LR R T 1]

(3) AN [R) A A5E AR A N [) A9 335 1 2% 1 o BRI 18 8 431
5% FIAR TR LY B 58 2% BH , A6 I AT HE R I Ji b T
DURERFIEIT, T B L5 5 5 M 75 5 L Bk L AN T3
SR 2, MR AS [R] (14 107 ] 37 S5 38 HE R PR AL B0k

() FESC I AR i A v, THR AL R IR & &
E R REEMIEM . WLl C++. Java, C#. Python
FRFEHRFEE T, MU E AN TR A 119 3
Rr o 0 7E M E TR A S b, S AT Y (Y 4
B F S Python, B ki s W] 1, AURS A) 2 PE O,
A T2 W b o AT VR, 7 Ak T R ML A5 AL A
DL # A ) gm A2 B2 . Hean, ) NumPy #1 Pandas %,
il S BT b, T 970 AR W 000 4 0 1 i A Ak B 5 R Sci-kit
Learn £, 1] DA4& & A1l 2% ML A7 ; F1) H PyTorch 2
Al LLSEIAE DL AT i) ] Matplotlib 22 fig 75 0 1 LA
P I 3 7 b ThT 0 R 55040 o3 T 485

2 AIFARAEMEREARNASEEN
o) B3

LB B AT B ATE 3 T8 TR W5 b 89 0 AR s
b PRy =, A M TR R ST A B 2 A D, (HEN
A A DA e TR M DU U e A B, [ B B
(1 AL B ARWAFAELT T R BRAE::

(DA EAYREZ S ) BE W 5 32 T o 78 # i L
RERT ST, TRA AT LR I i 1) 52 2 R RS 1 E 1 2
SR HEEL, ] Ke H TETL R 5 5 B TR ST I AR R Y
256 AV FE 20 44 4 31 ALBE R Hp (i £5A5 180 O i ol
SRR i A L TETC R B 3 oK AT R IR AR A R Y TR
A AN, A AT SR TE RO b ORI R 5 7 T

JEBL I B Jy, B S PR H h, f R A R
R LA S AR TR, 0 T HOR N 5L R A > 1514
T—E PR

) BRI S AP AR RE 22 o AL AR T XI5
P b 1T TR BT 58 A & e H R TGk e i e 3o AUAE
He— [ R A AT AT E AR T D0 1 DR AT 5, 1
B AT M, (B2 R AT SR XS T A8 [5] [ 5 i X
JT Jé 25 I ) R 25 DX S 1) b T 7 o AT 5 38 A7 7 — 5 A
JE o v BE 22 3 SA0H A [R] 1 53R M X B KO i gk
PRUEFIIE 2 BORA — 2 Bl A 22 e A —
B ATEAR R A RS D5 ] b AFAE 25 5% L 45 1
KA AR 22 5745

() BRI AT BEVE IR AT R o >l AT SR TE M
T T o v B IO P e 6 T e T SR S s D S, A P A
TUANGA 1, 348 B0 1 F) B IR 2%, AT S S s
AU AT HCHIE FO0I0 Py o R, X8 T i T ITC R 174 ) BRI
ez AR R HATE 24 L 50T i 4y Sa 1Y
it 2 O AR B 0 g AR R, ELIX R RE & 7 X
AN HIE B SRR, 3 R L A ARDUNS JEE F H o
IR ] i R A B — AR

(4) AT B AE o T T KA 5 v 19 S AT A2 8 5
I . BB BE AT SRR T T K IF 5 Y I 325 LA
Kol oy Mg 32, B ATE AR B J BR T 880 3 A, i i
B — 2 {131 JR 2 e R B M U O, B0 RE 20
VAL R RE KRS L RE R AR e, i
SR M DX, LA AT, i B A 5 2% 1 0 A 9 A 45
RIS L, %23 M DX Kods A 42 il X R AT 4 BE 20 A 3
i o FREEAN, FIHT AT EEARRS Z2 M 80 IR 21T AR B, #4
R I DN UB LAY, O Rk 2R 207 L el
F R 7 2 8, 52 00k M THT T 5 XU 49 B ik o iz, - 35
THR P A B0 BT, A Ao AR ol o BE B A A ik
AL SR HEA R SRR R E

3 AIFAREMENERAAEAGRHREES
i
3.0 AL AR FH A Ml DT R R R W I T R 4
ALY T3 B me) o7 3 B O R AL e iR, B 4 AW
Yoo Ve AU Hb R S MO E W 190 b A5 2
FHE = pr ik, 3% = A 32007 & 00 b 5T 9 W 1
e G, AR TR T AL TR R I 3 A, ST 6
FANBLAETE . o R ARAL - M 45 SC S 38 b 1Y) 1 2
W 33K 4 WA ) K T Ao g A A% e D 2 S L 4R



- 236 - TR SCHb J5T TR b 5

55 6 1

Z e b IR S8, F AT AR S Bl E AT IR A 2 Hr
DA ) RS0 Vs A 0 b BT R AR X R GR
H A7 3528 1 AR A 0 S 58 R ML B K E

R ATERTEM S . Ve i . M= 45 58 K b
9 W I 0 2 45 v B A5 B A R0, (H b T TR 1
Sk G278 M b T U, AT AR A L W U R 4 1 g
A R X — B Y SR R 2 T Y B G,
b T IIT R 1 Bl /N AR A A A R ) Bk v, 5 SOCH: W T
%E’JE%@M&@%,EQ\ R T W b v T R A A

IR B 2R GORE B, X T 45 480 AT FR (9 W) 5 45 %L
jzﬁ% e Ja, BT T IO R Y DX R A, W R G
7 B4 PR A G, X BHE A At 3R G RN T S A B R
PE T E R EDR

SR B 7 AR k2L, R 1 A IS A BA T IR
AT HE AR AE o TR W R e, ke
P 5 DX b T K 5 b T IE 9 R 5 T AR 2% O 0
FEuk, VR R 05T R X T KRR 25 A TR
5 b R DTRE B A B KRR G RS, CA E
e A I 5 A B, 223500 AT 7 R 3 4 31 0 5 R

>

T AR TR S BT L
g .

«FLB"FE’J?&%%I
B 2 O S 1 S € = T 2
FLERAK R /N, Ak FLBRKE 38,

ROV, HIZFUBE A0S, FLB
4, FEOOEVHE. K, FEOGH LI

() MR KA 2t e S B 0 S T 7 e

T3 Hb DX ) b 3 T A8 2 245 W T o 0 b K A ) e

i 245 98 M Tl J5T e R e W DN L R 4 1 B )
2L o N (5 NI B TR R R o
SR A X G A 1R it B R M TR, R AR R M AR T
XiF 2 A5 P i 5 ¢ A I By R T, A R BN R A A K
WP 4
32 AR SR

)R] R

by 1T U0 R 1) A R R R LA — b 3R R s (]
PE o FE IR b, AN TR M X AT BEA R [E] B UT R AL . L
W, 7E VRV M X P T A A R 2 VA A8 2
+-F L2, MK R & R E K Z IETPEROK,
5 ) b TV A A L oA i DX SRy R, B A
il FH 7K 5 AR SR A7 A 35 TL 4 W T R Je B4 B0,
FER ] L, b TR A RLHE 5 R K B L b T KK A 45
K2 1A A8 B ARG . bhan, J 19 2 40 MK A T i
5 =ty A o R S PR s U 11 G 1 N VA1 5 3
o1 I 59 15 K )2 A 0N 7 A i [ 46 R 1
18, BB K Z 5L, & A Al R 2) .

A T 5 18 5 3 1T T 53 U0 A 7Y

>

H KA B BOR A R

% V:”x*ﬂ& KﬁE"

3E§$f$ Y AR
TTV’EE’JﬂﬁEmF%

KA R FEORTTS AT,
MENEKZ TS FARSZ I )
TATESE R I, §EK)E A
WA RS, S EOAS T R4

(b)) M R KA RIS e S S AN 308 s AT

B2 KRN SHETRER X R

Fig.2 Relationship between groundwater level and land subsidence

1 G55 114 T I 3 o A R 20 T 8 Y 5 B Al
e THT A4 70 S S5 K 3 AR S 0 50 ] e 7 2 1 42

AR A A O 28 A S U - R A A, B AR AT AR S B
JZASIE 0y BEAL ], (B 7 R A A SRR B



2024 4F

ZEIRAR, 45 N T8 e RAE b 0 TR R 58 vh iy B 1 5 e - 237 -

T B2, 78 K B SEBr i o s ™, #E Rt
I [ W 00 i ) Al B, A ML A ALFD DL AR Y
FaE ST b THTIIC R IOU AR TR, AT LA MBS A R A ST b THT T
ok o I A A5 - vk A e e

S AT HOR BB RCR B0, (R A H 2 25
> AL AR T 1 7 G2 0 ) PR R AN o X U
FKBEE, HETC A E A Ah 2= 70 b 2 U v 22 306
JER R 5 ML LAY AT R A, Heants HoA W B S
SR ML R DL AR Y 14 i A S 0k 52 SRR
AT, W F TP R IR X AR A [ 5K )2
SR & VA (ESL TN O I S B - S R =W 1N ]
K 45 B 12 12 M %% (attention mechanism long short term
memory, AM-LSTM) £ 37. T 7K {37 28 £k F LI & 1) ¢ 3R
BAY, T R BRI A T D B B, (BB E AL$L
AR5 1l T R A 5 IR BE Y Rl G, AT AT DL AT
AR5 b A RURE G, AT LA A5 e 9 5 S A, R b T
TR 8 HE B Y = B
3.3 ALHCORWEE TR ROW L

H BT v A A 30 B A 23 R ] AT AR 3 T TR
WAL 38 Ji A0 DG B 5, (HL 2 Bl o 4 4 P il fE
THRHLWTE 4 ARG R SF B AR & g, E
S F N AL R 5 BIHGRBIE AR BT 5 ARG
PUEST I

PUACTOW 25 ¥ B 58 R W, AR Y 25 UL 1A% 77 24 1k
BT 52 AR0OUR 445 A4 bR 2 R A R A Y 5 e, e RO 3
PE AR BT | £ ) S AR A A W B ) 2 M R oW
SERFEMER R MR AR . R AR B, BOR T
K5 T M TR, D IOUE A7) 5 5, M TET D0 RS A9 AR i
B RS IK, 5 B R P O 45 R A T 46 AR
W RS W 5T G R T R, B AR AT AT R
A, ATBOR S EUR UM AR S 1 T b 18 350 B A 08
HLERFIE 2 AT AT Y o
34 Z2HEN

Hu TR LR 2, DUk R R B A, SRR
2 2RI AT B R TR b TR R AUF 53 52 B iy FH
Al RE I 2 BT, I X ] BE Ry AT H] 3 5 2R AT 20 A
fHBR T YA N H B A 4l e o 28 35 AH A5 B & DRI IR
FHE AR, AT H2 AR TE b TR A 58 i e 25
T R IT, SN DR i Ak B 3 4 6 R g 1
) 355 8

BEXT ST A AL AR AE b TR 5T 4 1 A B
AR BRI, 58 4 VAR b 2 11 DUR LS g, LA i
UL AR R AR — S S 2 H R

() faim B SR o 2% ZRBUR MBI AL 1 2 43
U FGE 4 SCHF, Sih AT B AR AE Ml DE R W 5 Hh Y
2, A8 B A BT A )

(2)fie Bk 35 = B A o s oA 7] 2 Bk 2 18] iy &
P, RS PRAE BT K SCHE BT TR M S ki e T
IR HLE ARG R BB . ALEOR
SEGU BT 14, T2 i R BT ) A AR 2

) IF LM A SG/RVEN o H R ST ALEEAR
TE M T DR M P | D3 SR RGP Bt &, O
TEEA AR DXHEA T30, B0k AT BRI A2

(4) b A A 55 3%, gl MR8 Ko e 15 o 8
IR BA ATEOR T SR R Ll N A, I i 03
2 BB A YR N B 48 ATHOR

(5) fivam (= B 115 B e 2L oo i 5 [ PRk e
PR B A 1, 362 2000 DO UR, 36 R HE Bl AT AR 7 M i
UURRERIETE Fb B0 L FH A& JE

(6) R I & 58 FR 58 . 3t 7 b TG 7T e 4
AR R AL R R GE, BRI A R0 Ll JaR 2
B, X ALEAR B RIS ol AR g2, 48 A 2 A
Y ik

(7) ISR A AT A BRI ST o IR AT ASEHL f T i
FEPEWT ST, B DR 5L T 1) ke 58 oo A o W, 3 5 T P X
ATEOR AT A2

4 ZEiE

AL BB K8 FSE I  oi A 7 0 B PR B, A 1E
TE 51 81— BB A M7 ML AR o 7 b TRDC R BF 5T
K, ATHR BRI R ST A B S k. ATHOR
7 A B 73 B DR H M TRT IC e R D0 B0 O T A A% G Ak
P70 LA AL 3, b AT AR 75 52 I g I
R F S WOE ey NIRRT N SN U A R =R
X e T T 26 2 DR D 7 o3 R 3 XU

£ #E @k ( References ) :

(1] Z[FEE, BEW, LR B bR R
Jei s L0]. i 58 4, 2018, 37(3 F] 1): 503 — 509.
[ QIN Tongchun, CHENG Guoming, WANG Haigang.
Enlightenment from the progress of international land
subsidence research[J]. Geological Bulletin of China,
2018, 37(Sup 1): 503 — 509. (in Chinese with English
abstract) |

2] SRBUH, X%k, 281 1. B i Dl B 52 25 34 (U],
U M T, 2000, 21(4): 1 — 7. [ ZHANG Agen, LIU



- 238 - IR Sl 5T TR 4 5 5 6
Yi, GONG Shiliang. Overview of international land Mechanics, 2023, 40(9): 29 — 36. (in Chinese with
subsidence research[J]. Shanghai Geology, 2000, 21(4): English abstract) ]

1 —7. (in Chinese with English abstract) ] [11]  ZRBUM, ™F, kA, 5. —FhBOHI 2 k05 AT
[3] =8, ARK, K5 BN IR LR ] S W AR O 2 (0], 3SR AL FHF 5T, 2023, 40(11):
TN E B AR (B AR M , 2016, 33(1): 1 5. 3348 — 3352. [ LI Qilin, YAN Ping, CHEN Baiyang, et
[ YUAN Ming, BAI Junwu, QIN Yongkuan. A review on al. Fuzzy multi-granularity-based abnormal power
land subsidence research[J]. Journal of Suzhou University consumption detection method[J]. Application Research
of Science and Technology (Natural Science Edition), of Computers, 2023, 40(11): 3348 — 3352. (in Chinese
2016, 33(1): 1 — 5. (in Chinese with English abstract) ] with English abstract) ]
41 JKE, B4, 2000, . RS RE (121 53k, A, $IKE, 5. BA 682 (5 B i P4
o] RS BUE T D). A AR, 2018, 34(11): 3173 - 22 AN s (7). st B AR @ R, 2023, 42(3):
3178. [ ZHOU Yongzhang, WANG Jun, ZUO 289 —299. [ ZHANG Chi, PAN Mao, HU Shuiqing, et
Renguang, et al. Machine learning, deep learning and al. A machine learning lithologic identification method
Python language in field of geology[J]. Acta Petrologica combined with vertical reservoir information[J]. Bulletin
Sinica, 2018, 34(11): 3173 — 3178. (in Chinese with of Geological Science and Technology, 2023, 42(3):
English abstract) ] 289 —299. (in Chinese with English abstract) ]
51  JHOkEE, Bk, sKIE, . KBRS 8C# kB 2 015 [13] kT, FRZ . ST E Q M4 1¥ H 318
b —— R A SR R R LAY 0] A A PRI (1], ZR AL R 2z 2 i (A AR RE 22 L), 2023,
2% %, 2018, 34(2): 255 — 263. [ ZHOU Yongzhang, 44(10): 1369 — 1376. [ ZHANG Xuefeng, WANG
CHEN Shuo, ZHANG Qi, et al. Advances and prospects Zhaoyi. Automatic lane change decision model based on
of big data and mathematical geoscience[J]. Acta dueling double deep Q-network[J]. Journal of
Petrologica Sinica, 2018, 34(2): 255 — 263. (in Chinese Northeastern ~ University (Natural ~Science), 2023,
with English abstract) ] 44(10): 1369 — 1376. (in Chinese with English
[6] Brbefd. NLERELEFF . bt Tl R 2240, abstract) ]
2017, 43(1): 3. [ RUAN Xiaogang. Preface of artificial [14] RAEL, frok, FLIUHE, &, 3L T HLa8 22 ) 105 /Y % E
intelligence[J]. Journal of Beijing University of i1 & D0 [ i 2R e mi vk (7). bR Tl k2
Technology, 2017, 43(1): 3. (in Chinese) ] 1%, 2024, 50(11): 1285 — 1300. [ LU Dechun, XU
[7]1 7, i, BooE. N T8 BEVLAS A ChatGPT 5] & Bing, KONG Fanchao, et al. Intelligent prediction method
B IR A0 e HEX SR 5 (3. 3T A 4 BR Ml 2 AR 27 B 2% for settlement curves of shield tunnel based on machine
R, 2023, 25(3): 76 — 80. [ BAO Lei, YANG lJing, learning algorithms[J]. Journal of Beijing University of
ZHAO Wenxuan. Research on the problems caused Technology, 2024, 50(11): 1285 — 1300. (in Chinese
by the artificial intelligence robot ChatGPT and its with English abstract) ]
countermeasures[J]. Journal of Hebei Software Institute, L15] ik, BEeH, BRW, & LT 0 TAEHFF
2023, 25(3): 76 — 80. (in Chinese with English 2R NS L VTR WA D). ) R 2R 5@,
abstract) | 2024, 31(6): 1 — 5. [ XU Hao, LIAO Mingxin, LV
[ 8] HINTON G E, OSINDERO S, TEH Y W. A fast learning Jiashu, et al. Prediction of Surrounding Settlement Due to
algorithm for deep belief nets[J]. Neural Computation, Working  Shaft Excavation Based on Machine
2006, 18(7): 1527 — 1554. Learning[J]. Guangdong Architecture Civil Engineering,
[ 91 BIANCO S, BUZZELLI M, MAZZINI D, et al. Deep 2024, 31(6): 1 — 5.(in Chinese with English abstract) ]
learning for logo recognition[J]. Neurocomputing, 2017, L16]  ZRHE, B#ES, Z2/NE, 55, X3 il Rt o3 0k J 5
245: 23 - 30. JEHR [J]. K SCHb BT LA M BT, 2024, 51(4): 167 — 177.
[10]  FBE A4 R, R IE, 5. B 5 O By 398 P A by 56 [ ZHU Lin, GONG Huili, LI Xiaojuan, et al. Research
R/DFEAREE S (1), TR S1%#, 2023, 40(9): 29 — progress and prospect of land  subsidence[J].
36. [ WANG Chen, HE Youquan, SONG Linghan, et al. Hydrogeology & Engineering Geology, 2024, 51(4):
A theory-aided few-shot deep learning algorithm for 167 — 177. (in Chinese with English abstract) ]
elastoplastic constitutive relationships[J]. Engineering C17] 25T . Hb A7 U R4 79000 A5 AU K2 HC R FH A 5% [D]. 74 %


https://doi.org/10.1162/neco.2006.18.7.1527
https://doi.org/10.1016/j.neucom.2017.03.051

2024 4F

ZEIRAR, 45 N T8 e RAE b 0 TR R 58 vh iy B 1 5 e - 239 -

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

K % K 2%, 2014. [ LI Li. Study on land subsidence
prediction model and its application[D]. Xi’an: Chang’an
University, 2014. (in Chinese with English abstract) ]
TR, ¥ 75 = . GM-BP 4 & 19 458 70 /e 3k BT i j
SR AT R R [T, W 2 DA, 2016, 25(3): 61 — 63.
[ WANG Xianpeng, HUANG Shengxiang. Application of
GM-BP combined model to deformation forecasting of
foundation  pit[J].
Mapping, 2016, 25(3): 61 — 63. (in Chinese with English

Engineering of Surveying and

abstract) |

Mrje, WA, &E =, 55, 5T PSO-BP # 4 M £ 11
BE T A 00 b iU R T O AT (D). R TR CE
+ &l it T.#2), 2018, 45(12): 47 — 52. [ CHEN Chen,
JIN Chengcai, ZHAO Fuzhang, et al. Study on the
prediction methods of ground settlement surrounding the
foundation pit based on PSO-BP neural network[J].
Exploration Engineering (Rock & Soil Drilling and
Tunneling), 2018, 45(12): 47 — 52. (in Chinese with
English abstract) ]

FEU, PN L, MRS, AF . 3T Apriori B R X M T IT
e 5% o PR 22 1) 8 425 908 B d A (7). B T i (g
), 2018, 38(3% F] 2): 104 — 110. [ LU Hao, SUN
Shanzheng, SHI Yehui, et al. Data mining and analysis of
influence factors for ground settlement based on apriori
algorithm[J]. Tunnel Construction, 2018, 38(Sup 2):
104 — 110. (in Chinese with English abstract) |

ZHU Lin, GONG Huili, LI Xiaojuan, et al

Comprehensive  analysis and artificial  intelligent
simulation of land subsidence of Beijing, ChinalJ].
Chinese Geographical Science, 2013, 23(2): 237 — 248.
SHI Liyuan, GONG Huili, CHEN Beibei, et al. Land
subsidence prediction induced by multiple factors using
machine learning method[J]. Remote Sensing, 2020,
12(24): 4044.

EL KAMALI M, ABUELGASIM A, PAPOUTSIS I, et al.
A reasoned Dbibliography on SAR interferometry
applications and outlook on big interferometric data
processing [J]. Remote Sensing Applications: Society and
Environment, 2020, 19: 100358.

LI Huijun, ZHU Lin, DAI Zhenxue, et al. Spatiotemporal
modeling of land subsidence using a geographically
weighted deep learning method based on PS-InSAR[J].
Science of the Total Environment, 2021, 799: 149244.

LI Huijun, ZHU Lin, GUO Gaoxuan, et al. Land
subsidence due to Hazard

groundwater pumping:

probability assessment through the combination of

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Bayesian model and fuzzy set theory [J]. Natural Hazards
and Earth System Sciences, 2021, 21(2): 823 — 835.
YUN K, ADAMS K, REAGER J, et al. Remote estimation
of geologic composition using interferometric synthetic-
aperture radar in California’s Central Valley [J]. ArXiv
abs, 2212.04813 (2022).

LI Huiju, ZHU Lin, GONG Huili, et al. Land subsidence
modelling using a long short-term memory algorithm
based on time-series datasets[J]. Proceedings of the
International Association of Hydrological Sciences, 2020,
382: 505 - 510.

RADMAN A, AKHOONDZADEH M, HOSSEINY B.
Integrating InSAR and deep-learning for modeling and
predicting subsidence over the adjacent area of Lake
Urmia, Iran[J]. GIScience & Remote Sensing, 2021,
58(8): 1413 — 1433.

U, SBIGER, H R, 4. kTR IR A2 M 26 1Y
JE 4 5% 38 5| b TR SR R T R I (0], oK AR 2
#i2 . 2020, 53(3#% F 1): 13 — 19. [ LI Luobin, GONG
Xiaonan, GAN Xiaolu, et al. Prediction of maximum
ground settlement induced by shield tunneling based on
recurrent neural network[J]. China Civil Engineering
Journal, 2020, 53(Sup 1): 13 — 19. ( in Chinese with
English abstract |

JHONATAN S R R, HECTOR A A, JULIANA A P, et al.
Forecasting deformation triggered by groundwater
extraction using ps-insar time series. applying machine
learning and statistical models in the madrid aquifer
[C/OL]. USA: EGU General
Abstracts, 2023 [2024-01-18].
ui.adsabs.harvard.edu/abs/2023EGUGA.2515915R.
B, XV 4E, L0, 55 5T BOn g s AL A 2 2] Bk
114 JE g 2% S5 1 Al v 0 AR T B 7 Y (0] g T iR
(th9E30), 2022, 42(4 T 1): 331 — 341. [ GUAN Hao,
LIU Wei, WANG Feng, et al. Prediction of surface

(spain) Assembly

Conference https://

settlement caused by shield tunneling based on data
enhancement and machine learning algorithm [J]. Tunnel
Construction, 2022, 42(Sup 1): 331 — 341. ( in Chinese
with English abstract) |

KA, BUR, E5, S BT A TR (AD Y 3BT K
B AR R B 0], P dE M R, 2019, 52(2): 103 -
116. [ ZHANG Maosheng, JIA Jun, WANG Yi, et al.
Construction of geological disaster prevention and control
system based on AI[J]. Northwestern Geology, 2019,
52(2): 103 — 116. (in Chinese with English abstract) |
R, RN CTr, IT A, AL R TN T R M B O


https://doi.org/10.1007/s11769-013-0589-6
https://doi.org/10.3390/rs12244044
https://doi.org/10.1016/j.rsase.2020.100358
https://doi.org/10.1016/j.rsase.2020.100358
https://doi.org/10.1016/j.rsase.2020.100358
https://doi.org/10.1016/j.rsase.2020.100358
https://doi.org/10.1016/j.scitotenv.2021.149244
https://doi.org/10.5194/nhess-21-823-2021
https://doi.org/10.5194/nhess-21-823-2021
https://doi.org/10.5194/piahs-382-505-2020
https://doi.org/10.5194/piahs-382-505-2020
https://ui.adsabs.harvard.edu/abs/2023EGUGA.2515915R
https://ui.adsabs.harvard.edu/abs/2023EGUGA.2515915R

BRI 5T (0], mE K AL I S5 K R B, 2015, 13(6):

1133 - 1137. [SUN Xiaohan, CUI Xiangmei.

- 240 - 7K SCHb BT TR b S 55 6 1)
T T A B H A U7k CN114724340A(P). Experimental research on creep characteristics of aquifer
2022-07-08. [ LI Jun, LIU Wenfang, QI Xing, et al. sand sediments in Xi’an under high stress[J]. South-to-
Artificial intelligence based geological hazard monitoring, North Water Transfers and Water Science & Technology,
prediction and early warning equipment and its 2015, 13(6): 1133 — 1137. (in Chinese with English
usage method: CN114724340A[P]. 2022-07-08. (in abstract) |
Chinese) | [40] WM, AR, SKA 4, 4. 4801 I AL b B b ThT T

[34] T %48, %4L. 3T SMOTE-Tomek il CNN H§ & 1 it Wee AL R AE S HLER 5T (00, b [ 4 S5, 2017, 44(6):
Y 5 PR VAN AR TR e N T —— L = e o X ) — 1115 — 1127. [ GUO Haipeng, BAI Jinbin, ZHANG
M & B o (0], A B Hb Rk E 5 B 16 4R, 2024, Youquan, et al. The evolution characteristics and
35(3): 141 — 151. [ YU Xianyu, TANG Li. Landslide mechanism of the land subsidence in typical areas of the
susceptibility mapping model based on a coupled model of North China Plain[J]. Geology in China, 2017, 44(6):
SMOTE-tomek and CNN and its application: A case study 1115 = 1127. (in Chinese with English abstract) ]
in the Zigui-Badong section of the Three Gorges Reservoir [41] GALLOWAY D, JONES D R, INGEBRISTEN § E. Land
arealJ]. The Chinese Journal of Geological Hazard and subsidence in the UNITED STATES [M/OL]. USA: U. S.
Control, 2024, 35(3): 141 — 151. (in Chinese with Geological Survey, 1999[2024-01-18]. https://pubs.usgs.
English abstract) ] gov/ circ/circ1182/pdf/04part]_intro.pdf.

[35]  Jiti/G, BESRRE, REH, B WM IX S OKERS + [42] W thze, #W A, 7, 4. & T MODFLOW-SUB #
2G5 AR TEAFAETF 5% (3. 7K SCHb 5 T 78 Hb i, 2006, S AR B 7 FRRON T KR -4 T TR AL AL [T]. 5 Ak
33(3): 1 — 6. [ SHI Xiaoqing, XUE Yuqun, WU Jichun, K22 g (b BR BL 2% R ), 2022, 52(2): 550 — 559.
et al. A study of soil deformation properties of the [ MENG Shihao, CUI Yali, TIAN Fang, et al. Modeling
groundwater system in the Changzhou area[J]. of groundwater flow-land subsidence with variable
Hydrogeology & Engineering Geology, 2006, 33(3): 1 — hydraulic conductivity based on MODFLOW-SUB/[J].
6. (in Chinese with English abstract) ] Journal of Jilin University (Earth Science Edition), 2022,

[36] M@, REH, Ko, & KIL =M FEEH) Xk 52(2): 550 — 559. (in Chinese with English abstract) |
T LR B9 (0], rh B A2 (D $: HskRL27), [43] #&ET, KM, BT, . AM-LSTM [ 45 iy Jb 50 F
2008, 38(4): 477 — 492. [ XUE Yuqun, WU Jichun, DU ZR 0 b T DT R AR 0L (D] 3 U2 dR, 2022, 26(7):
ZHANG Yun, et al. Simulation study on regional land 1302 — 1314. [ CAO Xinyu, ZHU Lin, GONG Huili, et
subsidence in the Yangtze River Delta (south) [J]. al. Land subsidence simulation in the east of Beijing plain
Science in China (Series D (Earth Sciences)), 2008, based on the AM-LSTM Network[J]. National Remote
38(4): 477 — 492. (in Chinese) | Sensing Bulletin, 2022, 26(7): 1302 — 1314. (in Chinese

[37] k=, BEERE, AR, . Ll LGRS ARE R with English abstract) |
W5 (1. %5 1 1%, 2009, 30(5): 1226 — 1230. (441 2R, b 1T I AR I OOR AL 2E0 % O o S 45 AL A A0 4R —— LA

[ ZHANG Yun, XUE Yuqun, WU Jichun, et al WNARAEM ) [D]. ¥ M- LA K47, 2019. [ LI Kang.

Experimental research on creep of Shanghai sands[J]. Preliminary research on micromechanism and fluid-solid
Rock and Soil Mechanics, 2009, 30(5): 1226 — 1230. (in coupling model of land subsidence: Taking Dezhou in
Chinese with English abstract) ] Shandong Province as an example [D]. Jinan: Shandong

[38] WANG Fei, MIAO Linchang, LV Weihua. Experimental University, 2019. (in Chinese with English abstract) ]
study on the creep behavior of the Yangtze River [45]  JAZde. LURMOREMAT R 5 10122 00 K R U5 1]
sand[C]//GeoFlorida 2010: Advances in Analysis, HT RS EE ] #ekE 2, 2000, 25(2): 215 -
Modeling &Design. Orlando: American Society of Civil 220. [ZHOU Cuiying. Research into soil mass
Engineers, 2010. microstructure and some progresses on soil mechanics [J].

[39]  #hBEg, A 25, & R P62 & K )20 4 b A2 e Earth Science, 2000, 25(2): 215 — 220. (in Chinese with

English abstract) ]
YRiE: 7 R


https://pubs.usgs. gov/ circ/circ1182/pdf/04part1_intro.pdf
https://pubs.usgs. gov/ circ/circ1182/pdf/04part1_intro.pdf
https://pubs.usgs. gov/ circ/circ1182/pdf/04part1_intro.pdf
https://pubs.usgs. gov/ circ/circ1182/pdf/04part1_intro.pdf
https://doi.org/10.11834/jrs.20211297
https://doi.org/10.11834/jrs.20211297
https://doi.org/10.11834/jrs.20211297

	1 AI技术在地面沉降研究中的应用现状及进展
	2 AI技术在地面沉降研究应用中存在的问题
	3 AI技术在地面沉降研究应用中的展望与建议
	3.1 AI技术应用于地面沉降智能监测预警系统
	3.2 AI技术与地质模型耦合增强地面沉降预测模型的可释性
	3.3 AI技术研究地面沉降微观机理
	3.4 参考建议

	4 结语
	参考文献

