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A digital twin approach for tunnel deformation detection
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Abstract: To solve the problem of slow tunnel deformation and difficulty in obtaining effective experimental detection
data leading to limited research on tunnel deformation detection technology,a digital twin method for tunnel deforma-
tion detection is proposed,and a high-fidelity tunnel twin model is establishedin this paper. The deformation of tunnel
is simulated by finite element method,and the true value of tunnel twin model is obtained. A virtual simulation plat-
form is built to realize the three-dimensional laser scanning of tunnel models in a virtual environment to obtain large
sample detection data and assist in training deformation detection methods. In deformation detection, Geotransformer
neural network is used to realize tunnel point cloud registration, and tunnel section point cloud is obtained by fitting
tunnel central axis to realize tunnel deformation analysis. Experimental results show that the proposed method can ef-
fectively overcome the problem of tunnel deformation detection technology research limited by experimental sites. The
average error of tunnel model surface reconstruction is 0. 00253 mm and the maximum error is 1. 1325 mm. Compared

with the true value of deformation output by finite element method, the average error of deformation detection is less
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than 0.34 cm. It is verified that the deformation detection method has high accuracy and basically meets the engineer-

ing requirements.

Keywords : measurement; digital twin; tunnel deformation detection; surface reconstruction; finite element; laser
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Fig. 1 Research on digital twin frame of tunnel deformation detection
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Fig. 2 Multi-radius rolling ball method schematic diagram
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Fig. 3 Flow chart of tunnel deformation detection
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Fig. 4 Point cloud registration network structure diagram
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Fig. 5 Experimental results of tunnel point cloud pretreatment
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Tab. 1 Statistical table of point cloud preprocessing

Initial points 51141

Point cloud segmentation 15809
Percentage of point cloud segmentation/% 30.91
Remove outliers 12282

Percentage of outliers/ % 24.01
Pointcloud subsampling 18498
Percentage of subsampling/% 36. 17

Final points 4552

BEXT = PR AR T 2 2B R BRE , i TR
A TS S s W E SR AE, &R 2R
1R, RS B 37 7 R TE 58 = i &8 =& A0 A
KA F, BEARER G T i, O B AR Jr 3 1 PR B
HOOEGY S A AR SRR TR L, 8 i
6 FTLAELAE , AR BGY = Mk S g R ek
RIS A S ) AR SO i s A
R AT BB SRR ) S m FE g 2S5 )
RO, e Bk T R i A T A . [A]BY E F Cloudcom-
pare R4, X7 VAT B IR ZE X L, PEAG HE AR LA
TIAL P A B TE f 2 Ry A, 1A AT — s 3
B B R T BE B P MR e R KR 25 . AR
2 E M, TR A EE S SR
SR A R, HANRRAE = AL IR B xof il 1 2E 47 57



Bt 5 404 No.9 2024 B

PAF e BRI A BT ST R R AR A T vk

1397

FALIRIB S, B LIS 29 22 5 T GEIR BRI 73 %,
ARTCT5 1k 72 1 E A T P R 22 AR G TR BR kAR
15. 1 % , F2 iR S s LSRR GE

(a) BB =fMLe:

(b) LRk
6 HEMR
Fig. 6 Reconstruction effects

k2 EAREEXI

Tab. 2 Comparison of reconstruction accuracy
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Fig. 7 Tunnel finite element model
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Tab. 3 Main parameters of tunnel structure
Structur Density Elastic Modulus Poisson
e (kg e m ) E/MPa ratio 1
Soil 2500 5 0.3
C30 2400 28000 0. 167
C25 2400 30000 0. 167
AC-13 2300 1350 0.25
AC -20 2450 1200 0.25
AC =25 2600 1000 0.25
Water stabilized 2077 2100 0.25
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Fig. 9 Virtual simulation environment
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Fig. 10 Point cloud registration effect
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Tab. 4 Comparison of registration algorithms

Method RMSE/m Registration time/s
GICP 0.0724523 38.53
Point-to-plane ICP 0. 0663015 23.29
1Cp 0. 0540097 90. 67
NDT 0. 0439395 47.57
Our method 0. 0150634 2.44
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Fig. 11 Tunnel cross section
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