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[ Abstract |
displacement forecasting, and a novel landslide displacement prediction approach grounded in the GCformer model was proposed. This

To enhance the long-term displacement prediction accuracy of landslides, the GCformer model was applied to landslide

methodology leveraged rainfall and displacement as input variables, utilized the GConv,, module to capture the global information of the

sequence, and combined a linear scaling technique of sequence length to efficiently extract data features. Concurrently, the PatchTST model
was employed to automatically extract short-term and long-term signals from the sequence data, in order to obtain more comprehensive
historical information and bolster the model’s robustness and modeling capability. Finally, the landslide displacement monitoring data from
Jinliuping Village and Yuanshitan Village in Huichuan County, Dingxi City, Gansu Province, were utilized for case validation. The findings
demonstrate that the proposed model exhibits superior prediction accuracy and reliability. In comparison to the Autoformer model and the
FEDformer model, the GCformer model is found to achieve the lowest error in both total displacement and vertical displacement.

[ Keywords | landslide displacement prediction; GCformer model; FEDformer model; Autoformer model
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Fig. 1 Diagram of the main body of the GCformer model

¥ Mk . www. stae. com. cn



2025,25(12)

W7 B 55 BT GCformer AYTE BE K I B2 0

4915

WE 1 FrR , GCformer #5732 B 1y 4 i 2% 11 i
TR A8, 2 i 25 FH R B2 B B ) 7 37 7 4 )
TR R I R AR, 2549 B P AN IR AT 40 S 4 .
A3 Bl R 57, FEH T RBUFEE TRAT
G R AR e &R, [ B, 38 2 R 4 R 4 R
¥, BEAS IR AR 5 0 o > 7 21 A8 4 A =, DA T 3R B
EJfER . T3 T 0E I R i1 B
(R, I B 3 2 I L 5G9 b AH SR I [A] 20 22
(IR AR ECAE T, 9 5 A B 4 A 51 19 22 350 38 40
CMTAEEEAN A ) o AT el 45 458 70 70 AN 5 4k ot o) o
TATERYRTHE T /N RS SR B, X PR 53 3 45
¥ {153 GCformer REMS = 350 B 3 51 5040 | [ e £
i THORS B

G JR A S W SR e 81 A B AR O
AR 2 RG220 &8 S5k
e, I T Transformer A5 Y 7E AL K 7 51 B 19
JaBR M, Z S5 FE AL GConv,,, , GCon,, Fl
GCon,, 3t 3 Fjyik, Hrpr, GConv,, Jr ki id 4 2%
— FRBNFRAS I 3 16 1) A% kA 4 Ry 46
e, T 25 1 51 i A 5 4 i A 7R 4 4 K
HIHOm G AR IV RE ST, GCony,, J7 ¥ I AT [] J 471 1Y)
IS 72 480 A 1 Fe AR IR e v ) 4 JRy KOS O 3R |, I [+
MR FE SO0 2 L8], D3 3R A w8 %5 B 1Y
A, GCon,,, Jy 30 3 28 SCIRASHALHE B i A E
P 1 B A5 S8, 4 DR A A7 5 DA Sl 2 (] 4% 52
B H A 23 8] (40 Legendre %5 [8] ) AT B AR 4E | B
P [mI Iz (], DAk 21 6 e 371 e R A i Ak B
I HM,

GCformer FY J5) &8 43 52 /& — > % T Transformer
BILER 57, B B T T A B A RS ) B R A B,
PRI (] 15 A5 BT 22 18] B B R A, A 17T o AT A 76
ARG R Gl X R, GCformer RERS A X0
FIIH Transformer 5% 74 7E 438 $5 5 1 A1 W45 8. 0 THI
HIPEHA, FHETF Transformer F 4548 43 TR | 3= 21,
45 PatchTST | Autoformer Dlinear £l TCN 4 Ffk Al

TEfAS g, o 4 k4 A 8 AR S Bk
R H R G B (8] Y 5 RR A, SE B0 2 B9 A S5 E AR,
IR AW TSR, 5, FIH 2 2 BRI
4 JRy 1) BRI B S 381 A e ) %) B e 44 B A AR
2 JRy AR RHIE BB A 7E [A] — 25 Rl N 4758 B, 42 5
T ARG BMFHZE, Hik, e R e
oA i 5] B g (Query ) | JR A AE AR D B e
k(Key) FE A5 v( Value) , R A 238 LR )
BLAIAL R | DA (] B 2% i < 09 R e 0944 3 O %
PEFHTO R AERR B, B, AR B A RRAE ) 2 E—
Al it 2 )2 BONHLLA A Bt 24 1) T 2%

AR Mk www

2 ETF GCformer BigICHI I BB

Rk ki)

T A RS i H A RSt | = 4 R A Y
PESERE 0L, JF HAFAE R M fF Ab 3 28 B s
B, A5 48 (AR TR AR A X DA 5 3 4 4 30 s vh i L

FAE . GCformer F5 5 H A7 PRk $12 B 1 5 91) &2
Jry R Ry R R A A8 A B, () B 3 T DA 30 A 8K
ALK M s AG S, B, s s 2
YA T, $2 T — I T GCformer FE7 1) 1
PRI RS B 7 i . GCformer Y fE4H &
i) B 4743 32 R GConv,, B R 31 B 42 JRi 55
PERAIE , N AT S NE I PatchTST A He > 4l P2 £ 4
I A RRIELS B

TESEA T I A B s T = i, B SR R
FE TR (72 %o Jiy A 100 88 T i R A7 % i a4 7 T Ak
P, BRI AR O MR RS EH v SO B
L, R X AL B B B AT A — A4k, DAAE
THER AT SRR SERRN R g, [RIEE, B 09—
AL G WREAEHE LA 72 1: 209 FL )R 43 I 25 4 56
p5E S 1 7w SO € o i I 2 S I 2 S N
GCformertid B, FI| H 42 J&) 73 32 GConv,, 45 FHL bR
BT R DT i 4 )R 25080 RR AR 7 9
F R4 3 PatchTST I HEA T # AL EAE , AT
LR RY S (8 €7 R (IR | R 2 7 8| D5 5 =Y L -5 7 =
R AR A SR R 22, Dt PR E 0 R AE ) 52 3K
P e, 2R 5 B RS B e it e i
N IR B BR8], IR = 1AL A T
HRAH, R, $32H )5S 55k 2 k175K
H, 2 VA —Ab 5 i b A 2 ) SRt 2R, DT A5 2]
S A TIAARY 1) FH 96 E 42 S uE A R g PR RE , LA
UEASTR A 3500 O I R BB A A S A B Y
1785 R 15 2 A i 25 R . FEF GCformer 1Y)
TR 3 057 % 10 TN A 7R f8) P e R AN 1] 2 T s

FT GCformer 4T 3% 4 193457 £% TT 0 A5 28U 14 Tt
MR

(1) B TAb B, X A A e W 5080 i B 7
BT R AL R E AT — b Aab B R, 8
FEE TR A A B0 LA 72 10 200 Fe 8 R 4 R il 4 4
B UE AR MR AR | IR e 40 LA A A 1)

(2) GCformer F5 B B4, 45 1] 25 52 55 6 i A
GCformer BRI | H 42 /) 53 32 H Y GConv,, 45 FH
Y Pt i Ay 90 80 b i 4 R AR e . [FES, R R
H43 S Y PatchTST 458 A1 48 B A7 51 2 BL X,
(30 (55 4R AE

(3 REAEAL . f#F ADAM 1Ak %%, %) 4R LA

. stae. com. cn



B R 5 TR

2025,25(12)

4916 Science Technology and Engineering
RIS R AR AL J e B e
Y
FAEERAE . WERA AR
v
RISNGEE. RUESERIRE
v
RENGE RS H
|
| ! |
Pl S IUESE =S
R e ; ; IIESE )
R(Z ; AHIE PPAE GC former AT 58
i\ gt | CCOmer BN i iitee || GCrormerti
N
WAL TR
B GCformertiH A

(12 3 o A% Y00 G AR 5]

Fig. 2 Flowchart of landslide displacement prediction
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Fig. 3 Monitoring point displacement-rainfall monitoring
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Fig. 4 Comparative effect of the total displacement, vertical landslide displacement in Jinliuping Village

T4 Ry ¥ R4 3 GConv,, Fl PatchTST 4544 73 32
S3 MRS HEAR B T s P A0 v Y 4 JR R AR R ) T AR
TIE, N A ROREAR T AR A A B B vy 17 A8 A 1)
DURS B2

21 S TR EE R U S R A A A )
AT Y A7 A PN A BE X b, AT DA AT
Autoformer 5% % F1 FEDformer # %Y | GCformer % %Y
MR 25 23R B 1 B I, RS A T
T

T HHIE GCformer LR Ty vk B v HE M | AR SCE
SR FHH R P T I B2 N TT A MERT GNSS 5 3%
23QJO1 Wi 55 B AH G EL A FEAT T RN IRk, X
e R 4 5 U s Al T B, ELR AR B, W T
WEAA K, P 20 m, KB I 200 m, -4
25° AR 1300, S T RS I SR T g — 1k
SR FH S5 MIART 1 3000 55 R [) RS 0] f A 3000 2 i, JHC Ak
FRZE 5O 25 R 43 e 5 3 2 P,

& 5 A e A WERT 1 3 a5 S B AN I BT A A%
XPELEESR, TTLIE S, K S SR 4E RS 4 45
FAR 5, TR A GClormer 5 J5 J0 46 MEAT HE 3%
MG B e o 3% 2 MOCIRMER M 3 A B % S e

F1 BUERBEBABMNER A EARRERR A
BB ERT
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Table 2 Comparison of prediction accuracy of total
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GCformer 0.274 0. 130 0. 360 0.917
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GCformer 0.553 0. 505 0.711 0.871
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Autoformer 0. 845 1. 160 1.072 0. 636
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