B2 BS5W R 2 (B2 ) Vol. 72 No. 5
2026 410 H J. Wuhan Univ. (Nat. Sci. Ed. ) Oct. 2026,627~637

DOI: 10. 14188/j. 1671-8836. 2026. 0002

EF ARIMA-iTransformer B 5B ERBIHMAR
=18 E i

BT, HENLE BLAWEL K i!il

1. RBELRKF AR EG S %i&}ﬁiﬂ;ﬂ%a‘ﬂ\lfﬁ , 9 AR AR 610059 ;
2. R IKRF AR5 EHFFR, @) ﬁk%ﬁ610059~

3. w2 K B2 AT BB M AR RIS P, vl R AR 610081

Yok H 39 . 2026-01-02

AT H ER A RPFIE S (42304042) ;U114 A SR 5E 4 5 L0 H (2026NSFSCZY 0024 ) 5 K Hu i & 55 M BR 3h 77 2% [ 58 5 05 52 56 28 ik
4 (SKLGED2021-5-6)

B —AEH R, Lo, BB, AR O, T DA B S R U 5 W TS B 5Y . E-mail: jiangyanan@cdut. edu. cn

T OE . 2K U Sl AR TR A B 3RS, 0k R DX R R ok 22 S R A T A R AR R AE L 4 1 AR T ML S B S 0 B
Ao 90 e A TR T I R Bk o Ry SR S M SRS A v G B TN £ — R 22 4 Bl F 35 (ARIMA) 5 2 45 i
A Transformer IR & ¢ B2 W5 % A B TR T ARIMA-iTransformer, F] KRR UL 2: (GWO) 5 728 /0 #8285 43 i (VMD) %
Tt W 0 KO AT i, 5SS SO/ AR e (XW T ) 2 BT B 437 B8 5 52 i) (81 - [ 44 2 285 0k g AR AE 5 B 3 96 R, T 45 IR £ 5 396
3BT CGRA) ) B4R R By ABRAE o BE & ARIMA 55 iTransformer ¥4 22 ¥ 3 37 8% TR G B8, 3 DL F 2K 3] ¥ 35k S 4] O J 52 56 46 3
25 2 B i Transformer #5557 BUMOKS BE | W2 00 T XF LB ; ARIM A -iTransformer R & 19 00 455 50 Z2LRH 3 B% 10 8 1 44 )5 AR
25 (RMSE) Jy 7. 686 mm, ¥4 4 iR 22 (MAE) 4 5. 544 mm, e 2 ZEC(R?) J9 0. 997, T3 BT A K I 5 R 2 ok, o T 0k
LA T SR T A ROy AR AR A

xk B R EARTI  HEE A B LB B G R 538 UM AR (XWT) siTransformer; [ 815 2% 43 8% 5 -3 (ARIMA )
hE S ES . P642.22; TP183 SCERARARRD A XEHS:1671-8836(2026)05-0627-11

High—Precision Displacement Prediction of Reservoir Bank Landslides Based on
ARIMA-iTransformer Hybrid Model

JIANG Yanan'?, YANG Jiakai’, LIAO Lu’, TANG Minggao', ZHU Xing'

1. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu
610059, Sichuan, China;

2. School of Earth and Planetary Sciences, Chengdu University of Technology, Chengdu 610059, Sichuan, China;

3. Surveying and Mapping Technology Service Center, Sichuan Bureau of Surveying, Mapping, and Geoinformation, Chengdu 610081,
Sichuan, China

Abstract: Affected by reservoir water level fluctuations, rainfall and other factors, most landslides along the Three Gorges
Reservoir bank exhibit the characteristics of periodic step—wise sliding. Their complex displacement mechanisms and lag effects
pose significant challenges to landslide early warning and forecasting. To achieve high—precision prediction of landslide displace-
ment, this paper proposed a hybrid prediction model for reservoir bank landslide displacement combining the Autoregressive
Integrated Moving Average (ARIMA) and Transformer with dimension-invert embedding (iTransformer). The Grey Wolf
Optimizer (GWO), Variational Mode Decomposition (VMD) and Cross Wavelet Transform (XWT) were introduced to extract the
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response characteristics and time—-lag relationships between landslide displacement and influencing factors, and the input features of

the model were constructed in combination with Grey Relational Analysis (GRA). The Baishuihe landslide was taken as an example

for experimental verification. The results indicate that the iTransformer model significantly outperforms the comparison model in

terms of prediction accuracy; the root mean square error (RMSE) of the hybrid prediction model cumulative displacement predic-

tion is 7.686 mm, the mean absolute error (MAE) is 5.544 mm, and the coefficient of determination (R?) is 0.997. The model ex-

hibits excellent prediction accuracy and stability, which provides an effective method for landslide displacement prediction.

Key words: reservoir bank landslide displacement prediction; landslide displacement mechanism; time—lag relationship; Cross Wavelet

Transform (XWT); iTransformer; Autoregressive Integrated Moving Average (ARIMA)

0 3

il

32 KL 9 o Y R TS AR TR R R
SEES N, P DXV 3 2 B A 0 00 B R A RS AR
PRl ot , FF R 3 3 A0 B 9 R AE o A7 5 0RG o S0, X
X B 9 R B AR AR B A Y, M
etk 2 ) & R, a3k 1R F 0 & 48 (Global Navi-
gation Satellite System, GNSS) Wi U % 3% 5 R FF
o) B 25 A =X, K R aE 12 (Long
Short-Term Memory, LSTM) W £ "] 4% & 35 ¥ o0
(Gated Recurrent Unit, GRU)"WEE L RIS B 327 [
FH T 10 9 A0 7 i F0I0 A5 o SR, Ik A B R 22 1)
o = JBE S5 1 52 ) X DR 2 K B 1 4 o O
F o, HAETR)Z W21 Zrask 78 vh Byt B0 A 32 0 2% 5 4k
K ) i

2017 4F , 43 T WF 5% 1 BA 42 HY Transformer 15 %1
SEUNERE =Wk N i == DTN RSP L Y S S SR 'e
A TR AR R R, TR B AR TR AL PR ACR B
", AR Transformer # 8Y i FH F B[] ) 51 75000
B}, R 4R Transformer A% A /& (Embedding) 3 A~ i
FHF 7 90 0 R AE 48 B 78 bb Ak -, B98N B GE
b B T L B A A el HGE TR
J 1 i B R AR A (H b 28 Transformer 75 &
LAY 1) R iE 2 BT 2 B 22 W AN () A% ] 1Y) 4 2R
I ME LA 3 43 5 A LA B O v Y AR G AR AE
Liu ZFWHE Y iTransformer #6580 | 38 i 4 75 5] & fix A
A8 T Transformer 09 &AL A o 76 B[R] 4 52 I,
iTransformer # B 45 4> A2 4 065 B 1) 58 & I 18] )5 51
43 it A ST 458 5106 (token) , R H i A 2= £ 4T
A7 5 B AR IE P2 I . AE A8 S 4E B -, iTransformer
AL 38 5 A WL AR 2 (] 9 DG IR 1
AN ) AR AR R W A R e ) R
t JOW &SRR/ & S ol G A S TR
Ao HAT, i AR AR iTransformer #5881 T 3 3¢
HL R P X — B A sk AR Ltk 2 R FE G R Y b
JoT R P A

AR —F F Il 22 53 7 B oF- 1 (Autore-
gressive Integrated Moving Average, ARIMA )" 5
iTransformer & & (4 FE 52 18 3 46 B8 B0 A Y 3 4
XF T b T A A% 9 5 5 e R 1 AT 4 A A5 )
AR R 9 B AR AE 49 43 6, BB SE TR e [
5550 B 1] 1 M) 1 AR AIE R B OG R G JT A T
iTransformer #% 8Y (f) S B A B & . )5, 456
ARIMA #% A1 Xf i #5350 £ 7% 5000 1 o 35, # 2t
ARIMA-iTransformer & & #4520 1 X% 2 7
P A 7% 1 e R EE T

1 BB E

1.1 #HEFNIEZR

BE T 18 W 6 B TR0 ARE R SR R IR AR 4K (Grey
Wolf Optimizer, GWO) 8 35"l Ak A5 43 15 75 43 fift
(Variational Mode Decomposition, VMD)"1) 2% ,
Vg T W DN A R AR RS 91 43 fige o b I ] S 3
FBE LI, Kt 52 el K5~ (R R L 22 7K A6 ) 4 fife oA AR AR
g3 R e A3 i o HC R B IR A G AR R
W75 P A, NS SRR Z5 . 45 A 28 /N AR
(Cross Wavelet Transform, XW T )" %53 # 4 FL
B M 0 ] S0 A7 A% 109 5 ) 5 s O &R AR I
JK A5 e B 43 M (Grey Relational Analysis, GRA )™
i 1 5 gt 52 o) K] 1 /E & 1 Transformer 552 5 () &y A
S 30 7 B By S, PR ARIMA R 48
G AT I WO . fe JE R R BT R JE T
T 45 SR AR A5 2] R R A, #E— 0 #%
LB PPl R Y 00 15 22, I 3 IROAS [R] s 0 0 A
R HEAT X L A A, AR 78 T 0 A 2 ) L R g AR A 1
B o
1.2 THREEHE

VMD J& — Ff b BAE 2 PR F AR PR AE 5 1Y B Al
INE 53 it D7 1%, B A 4 IS ) 5 51 43 figk A ) 41 48 114 A5
#5431 (intrinsic mode function, IMF) . A 4 W 3 {37
RS AY | 7E 53 itk W 3 51 B8 IR0 O3 it 4 k= 3,



o5 5 1

PG 45 JET ARIMA-iTransformer & 2 1%

RURY R 5 T L R v R T 629

[ BEALITE HGWO-VMD]

FERT . FEKAL

I
<t

GWO-VMD

XWT__( N w—
(s |——{ wmonm s |

GWO-VMD l GRA

[ ARIMA } [iTransformer}

[

(i e, uan

v

[ szt |

[ sttt oo |

[ st |

MR R ZE TP

MR R ZE PP

1 A B TN i

Fig.1 Landslide displacement prediction process
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Table 5 Accuracy evaluation of prediction results for ZG118
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