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Design and implementation of rail crossing tunnel disease detection system
combined with linear array camera/scanner
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Abstract: Tunnel maintenance is crucial for averting safety incidents triggered by tunnel structural issues. Effective maintenance
depends on thorough and accurate detection of tunnel diseases. Traditional methods of tunnel inspection rely on manual detection, which
are hindered by factors like inadequate tunnel illumination and limited inspection time, leading to inefficiencies and inaccuracies. To
tackle these challenges in tunnel disease detection, a subway tunnel disease monitoring system has been devised, taking into account the
uniformity of tunnel structures and the fixed nature of track lines. This system integrates laser scanning technology with photogrammetry,
employing laser scanners to capture three-dimensional point cloud data of tunnels and multi-line array cameras to obtain tunnel imagery.
Laser trackers are utilized for calibrating the spatial coordinates of cameras and scanners to ensure a unified coordinate reference system.
Adopting a distributed software architecture, the system develops data acquisition software for sensor communication and data storage. In
addition, the system uses an external trigger mechanism to synchronize the sensor data acquisition rate with car speed. Finally, a data
management platform, built upon the Cesium framework, is employed for the organization and manage of tunnel data. The system is
applied to a tunnel to verify data accuracy. The experiment shows that the rail tunnel disease detection system can detect cracks with a
width of 0. 2 mm and misalignment with a size of 0. 5 mm in the actual tunnel, and has the disease detection ability of subway tunnel.
Finally, by applying the data collected in the experiment to tunnel crack detection, misalignment detection, deformation detection, etc. ,
and locating the detected diseases, the practicability of the rail tunnel disease detection system is proved, and a reliable solution is

provided for the subway tunnel disease detection.
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Fig. 1  Article structure
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Fig.2 Schematic diagram of how the scanner works
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Fig.3 Pulse distribution diagram
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Fig. 5 Distributed multi-sensor acquisition control diagram
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Table 2 Scanner parameter
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Fig. 10  Rail tunnel disease detection system
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Fig. 13 Tunnel data management system
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Table 4 Verification result of point cloud accuracy
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Fig. 16 Point cloud filtering process
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Calculation diagram of misalignment in the loop

4.3 BRERZEWDN

HI THILE A0 25 A R T 22 0 UG R B KGR By,
BER /S, T3 BB R E K, IR A T30
Jr Bt 2 ), T A B N T RE B R AT R i A
REHII,

T G Ik X AR A Y B AE R G R AT N LA
P B AR 4% 1 R BRI T2 Lanelme i
TN TAREE, W P AE iR 18 A KR 4 . Pl T R 28 4 )
ZUBE R/ RGBS S5 5 ) S O B (8]
PRI BT e AN G o Ay AR PR T 2% f D R o %o
FU B Y 935 0 L PS4 Ak AT G A B R
IR IE B3V Y3804 O v PR R B R il 5 Ak 4 4 Xk
XFECRE . FIFH YOLOvS 2%k [ 44 o 0 344 5 J 1 TR i
g DIZRIE I E N 60 LI 2R R/ N & R 472 ) &
TR B R INIE 24 FoR  RIIRGERE T T A ki
ZeGER

24  BEIEZ4EIN T

Fig.24 Tunnel crack identification



192 - LSRR R e o

38 &

4.4 RBEBEREENM

R IE PN A AE 9 T I o 0 A R
TP PR A RTEE . R Gl 2 T R 1 PR 5% 1 ER5-15
S R R TR AR Y Ok, R DG R E P BRI it
B A Sy 1 1 LN RS 32 v A0 R A, o B G N i
FOLHE

fEHIE 19 Fim ik gad AR e | R P64 07
S XSGR A ), DA JE R IR R ol BT, il
FH YOLOVT B f A6 i 380 32 X6 Ltk A7 2R 540502 B4
e BN ZE B0 A7 B AR U A TR 1, G AR S i 2R 7 R
PR EZ e EaNIF R BVIENE &2 N Tar ¢S apE N i o g IS
SUHITPR 7 ARG U 3 P15 550 DR A 000 0 | 4 B 1
X R B A5 R R FE T A 3R R b, A4S B 54~
JEIAR S

SERRREI o N R s S| P B S 7 S
AT BC I A SR 6 e B R 5 L S AR e D 22, OF BB %
FA R RN, R 25 25 B, AT Hh B0 i I i 9
B ST I8 BEE AT B A5 B0, Bt LTS BEX A = il e )
YRR S AT R OE . R G A B P B B R PR RS B AL
e, PR T BE A [ AR L, i IR (27) T B ik
THIE BEAE XS i = A L R PR 7 el I
W, - W

T-1

o) S ORRTER TSR EIIE , S S lUIE J5 1 8 =
RINIEE, W, AR AR B0 7 SERE(E, W OB ik
TFREEEME, T AR N L S8,

MR G iR ) B B G AR E A
S F T E S A5 0 R it By 5E B (E A B )
WA R B E IR R WEE B S, AR 4 A B i &
FNIR R A 419 2 [ R B o 0 5 TR IZ R i NI IR S,
4 7 P AR N AT A5 A B N AR L S R G
AR A B HORE R, B AT A5 20 R BE GE N A B
FE

TE W% T8 B 05 B0 7 ) S 1h B 4% A0 KGN B0 A% A R 06
BIAR 20 B0 4R S0 b LR B Ay 6K G RS 4R TR 7
o % S A g B — S 19 B R 50K I S St B A B T A 0
10 ZbHEFR it 42 sl 45000 H0 B A S0 AR 1 AR bR A, T 5R
A5 AR 5 R bR R AR 0 BB B (E, A 5 R 4R R AR Y RE
T FRR AR, A5 3 45 A H0 AR E R T N Y LR JF DAL
FRAE N SE o LR, X R e 1T 15 20 A9 S A B R aE AT
Bk

AN 5 PR, RETHA AR LR 5 Ak 0T
B R EIRETE 3. 75 em 24, H R R ENRE
W R UE ] T R GEAE A8 00 5 J7 T 1 5 I o

S=S, + (27)

RS5 TEMERTLE

Table 5 Comparison of positioning results
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