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Abstract: To improve the visualization of switch machine status monitoring and the intelligence of fault diagnosis by urban

rail transit operators, a 3D visualization monitoring and fault diagnosis method of switch machine based on digital twin is

proposed, which provides a powerful technical support for the real-time monitoring of switch machine status, high-quality

transmission of operation data, and the precise alarm of equipment faults. Compared with the existing intelligent operation and

maintenance system of Switch Machines, this study uses digital twin technology to establish a high-fidelity model, maps the

field-working Switch Machines in the information space through real-time interaction of data, and realizes three-dimensional

visual monitoring of Switch Machines indoors through WebGL and model lightening technology; in view of the small number
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of samples of fault data for switch machines in the field, it establishes a combined model of CNN-Transformer to achieve fault

diagnosis. To achieve the fault diagnosis of switch machines, the fault diagnosis accuracy rate is 98.67% under the condition

of imbalance between normal data and fault data; In order to verify the feasibility of the proposed framework and the improved

algorithmic approach, a 3D visualization monitoring and fault diagnosis platform for switch machines based on digital twins is

designed.

Keywords: urban rail transit; digital twin; switch machine; 3D visualization and monitoring; fault diagnosis; CNN-

Transformer
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Figure 1 Framework for 3D visualization monitoring and fault

diagnosis of switch machines based on digital twin technology
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Figure 2 Data acquisition and governance of switch machines
based on cloud-edge collaboration
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Figure 3  Overall structure of the master control unit
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Figure 4 Sectional view of switch displacement monitor
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Figure 5 Web-based three-dimensional visualization

and monitoring of switch machines
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Figure 6 Monitor measuring principle
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Figure 7 Digital twin-based three-dimensional visualization
and monitoring platform for switch machines

4.2 FERHLSPEIS TN BRI IE
KPR AL 2 MR 1 e e Bl gk AT
33, I T Z PRI RNL. AL, STOOK H 4L
g, EESBR TAERREE i IEF RS 5 W 8
Wk AS, M FO~F8 RIR(FO R IEHRA), Wk
NG S JE R IR 1T o AN LA E Bk 4 A 441 1)
STOOK. 4% RALANAE Ty e i 2 F s HEA T Wi a2 WA 28 1)
IRESAIE, X2 MR A s 43 il 50 21, Bl
BB S AT A PR NREA IR, T S 2 2
AR R o R RO SR AN P 2 250, DR K &
IRAT SRR L 7 MR AR (T NP T o 2R AR K 1k B
KRS AC I RNA PR A - Kb R, ik
Shy 5 A W 5 1 B b LA S IS UL, 1 Smote
S 500 4 IEHHEEY 724 5000 41, 25400 414

B FHFELRIFHY] TR B RE LT %5

Wi, NAGESEAEELLEN 8 2, it Python 57,
PyTorch HESZHE AR Y

F1 STOOK HHHENKMERR LR

Table1 Common faults and causes of S700K switch machine

H I 2 H IR H R A
DR HERNE 255 ik TEELERF, ok
! it BAHIAE R ]
. FANRRBRFE, B AREEFERNS
: otk HFm
N s T T
[ PN 1530 EVE DIN-F FFE$E F 5 LA 3

& 2R BT, B R

A B R AL
Fs ﬁ%"‘%i"’\%/}ifﬁ] ’é)\]’ﬂik‘k’é)\%'r‘fb
F AN A B o B R 38 . 0
L AL T s ILE A
TR NG, HFEREE _
1 TR
F; 50 kW b AR F T R E
- TG o AR —HEEK, RTE
N E X 5
4.21 1EMMERR

AWHFCEILRE A Py AR R A Fy 3 EF
MPERE, AR A0
Nrp

= 31
Npp + Npp
- (32)
Nrp + Npy
2N,
) TP (33)

T 2Ngp + Npp + Ny
KA, Npp HIEW S RBAENIREARE Nep W RS
BERLKMFEARE: Noy A REA A 2 oAb 2R 1T
AR
422 1EBUMRELGE

75 3.2 T I 2 T ALl |-, %) S700K
L2 GINOPIE S vei3ei X Ml EZRST ATl Sl E IR 2 7
R AN, RABESERENE 2 s, HEK
AL RS, SR T I SR S AN 5 28
S B SEMNAEE 5, BDUE R Bl 5 8 Bl £t %
50 21, JFEE A RN S AR 3 600 415, BN
AN A 48 PR R b AT 0 b, AL SCHR[15] 1
PCA-HMM. Xi#k[16]f] CDET-MPSO-SVM. 3CHR[17]
) CNN. SCHR[18]f) LSTM. C#R[19]f%) 1DCNN-
BILSTM %5, &5 5L W3 3. X Eb4E R BoR, A ScHE
) CNN-Transformer 5 BY7EELRIHLIASE A 702 E 1R
R BIEF T H 54 98.67%- 98.63%F11 98.65%,

URBAN RAPID RAIL TRANSIT 159



ETHREIZE - 3835 F3H 2025F 6 A

PIET AR
R2 MEBHREBSHRE
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