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Cloud-edge-end architecture and application for intelligent
detection of backfill grouting in shield tunnels
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Abstract: With the continuous development of urban rail transit, the demand and quantity of shield tunnel
construction are constantly increasing. Backfill grouting behind the shield tunnel lining is a crucial technology for

controlling engineering issues such as ground disturbance and segment misalignment, which is vital for ensuring
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the safety of shield construction and surface buildings. In order to achieve automation and intelligence in backfill
grouting detection, and to address the low efficiency of traditional Ground Penetrating Radar (GPR) manual
detection, a Loaded-to-Frame (LTF) equipment capable of rapid automated GPR detection of grouting quality
is proposed. The hardware composition, operating mode, and main parameters of the L'TF equipment are
described in detail. A series of model tests conducted under various conditions yielded over 600 000 high-quality
labeled A-scan data. Based on both A-scan and B-scan data types and training strategies, intelligent models with
excellent performance for backfill grouting thickness recognition are developed. An intelligent detection method
for backfill grouting based on a “cloud-edge-end” architecture is proposed, and the GPR-AI Master platform,
based on partial “cloud-edge-end” architecture, is developed to achieve cloud deployment and rapid application
of the artificial intelligence model. A dynamic feedback mechanism based on the LTF equipment and intelligent
analysis results is proposed, realizing comprehensive monitoring throughout the tunnel excavation process. The
application 1s derived from 16 distinct shield tunnel projects domestically and internationally validate the
effectiveness of the intelligent detection method, providing valuable references for the secure and intelligent
construction of shield tunnels.

Keywords: tunnel engineering; shield tunnel; backfill grouting; ground penetrating radar; intelligent detection;
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Fig. 1 Principle of GPR for backfill grouting detection™
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Fig. 2 Development history of the LTF detection

equipment
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Fig.3 Hardware composition of the LTF detection equipment
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Fig. 8 Dataset creation based on A-scan and B-scan
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Fig. 9 Intelligent real-time analysis results of

backfill grouting
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architecture
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Fig. 11 Main page of GPR-AI Master

554 8 9 N TS 43 B AR I A3 L, GPR-
Al Master 45 £ T 5 24 19 5005 Ak 2 28 5 AR 1 42 g
) bR R TR A BT RO AR E T A BT
45 R B W EFAES R . AT, GPR-AT Master 1
T AT R 5 RN A B TR N R e K
a0 BT 5 SR B0, T 56 3 10 2 SRR B Ak
FFN bR A6 09 D RE , DL T 58 RE 0 -3 - iy AR A S
BRECHE 119 125 R0 RE 43 BT
2.5 RMERMWHERBEHH

WAL 12 s, BE S v 2R Re s I Y A 2 PR IR
W% T8 B 2 4l T, TR 0 4 SR S TR il T Y
B R . B IE U AR, DLBE A R S RO Y
HE PR HEAT VS TR A5 RS Ja 3 2 AR BE AT =k T AL
AT 3 SR AT ARG DU A 1 D G AR 2 % e Ay
BT, A5 2 JE 5 o A FPEAN 25 5 o 5 24 W B A 7 2K
A AR W JC AN VR IR S B AT R A Y A
W R AN AR W PEAT R, I R R
—HERSEL R T —HTa G A

E12 EBEFEREMNERINEREIH
Fig. 12 Dynamic feedback mechanism of backfill grouting

inspection results
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Table 3 Recommended value of detection parameters

o GPRE  Bahi g/ RAEL mTEEMGE R0
bk 18 E . . . .
F/MHz  (()/s)  #/C)  BE/C)  £/min
KERZ
300/700 1.0 0.5 0~360 <5
(D=10m)
/NER 400/600 .
0.1 0~360 <5
(D~6m) 400/900
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Fig. 13 Field application of the LTF detection equipment
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Table 4 Statistics on the application of frame
accompanying testing in China and abroad
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6
7
8
9
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