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Abstract: The identification and detection of tunnel lining diseases are crucial for tunnel
maintenance and operation safety. To develop image acquisition and software algorithms, a
simulation detection system, which can be used to simulate the working environment of tunnel
lining disease identification and detection, was designed and developed, and a surface disease
identification and detection software for tunnel lining based on deep learning technology was
developed. The two factors affecting the identification and detection effects, namely the object
surface illumination and observation angle, were experimentally studied, and the concepts of
“illumination offset of the object surface” and “observation angle offset” were proposed. The results
show that the detection rate and identification accuracy of tunnel lining diseass when the camera
equipmentis facing the observation surface of the lining are non-linearly and negatively correlated with
their offset values, while the identification time is determined by hardware and algorithms.

Key words: tunnel lining; apparent disease; deep learning; computer vision; simulation system

Bl e PERETT SR LEOAR B P R e, N T

AR, TR 27 ) A B R TR AR 2 90 T B

AEJ7 ¥k 1 N FH B AE 42 BRIV A SO R, 45 21
VS R R E 2 ) TN T AL
BLaR27 > K HARTE & Ab PRAE U %07 vk i
3t A i BBOAER J2 R i S i G 1) v 2 T A 26
S FIRFAE , LA SRS B4 70 A OB A 2
F8 RS A I o A7 S R 4 A DB 5 3R, 3 R
oK RJ RE K AR 7R A BEA T TN . A D N T RE A0

KFEEE: 2024-10-22

Yy TN AR MG TN R 56 2R U LA L %
T2 TR U 5 G A

8% 5 R BE B 7™ AR Y B LI R B
SEAT T UL B T S TR, 0 g T T A 3 ™
AR 22 A R A NS A B ) 2244 5 LT 25 7 HEA TR
T SRR A A TR E T AR A N TR
A A3 iz o B O Y BRI R AR K

HEE&TH: FEEHRBAIEG R H (52274141,52108090) ; 5 8 25T &3R50 H (2022YFC3003304).
TEFRN: XA (1995—), 5 i i HA, F E b K 2= i 5T A

E{E1E#E: 220, E-mail: lyh@cumt.edu.cn.



126 RAKFFHR(AEAHFIR)

% 47 %

A VARAB BRI A b UL A8 (L H R
0 BRI T AL IR 22 e 405 30, BN 2N
T3 A R T, DA Ak R S A ) 22
AR A ORI AR, B T RIS B AR 1Y
W T8 e 0 A 00 75 9 ) B P 2 i
TEREAE 7T, [ NS E AR e A 4 5 7
RIS AR TR Z IR, H AR 24
BIF 0408 RE AN A D TS0 S A I AR 2,
e LS 5 AR T SO R SR 5T AR A T IR
WM AR R T, HAR PR L E L
L T A AL TR 55 R A7 A B AR 22 A ll R HILA
X B T Ao s 3 R AR I g i O T AT
TR

FIRI, B A 8 % R 38 A s 7 R S5
DHEATIETE S TR SR AR A RE 7 1T
TE BB B R I 1 36 3IE 20 95 249 75 #4541 4 ¢
DA R IE N HEAT SE G, AR B R AN )
I3 ST ASCH ERGHRER T 1 &R E S
S RRDURG D00 % 5 AR (AL 3 BRI A 5% [ e
G 11T IR B ) Bk RO R A S
PRI S A I A e R G . R S R G
AT BT AR BIZF 5 0]l FE S g
PR AT B e 8D T R T 4 A AU S T RE . (]
ARSI T X —F 65, il i SRR T Se A
LI #41 JBE 3 2 A7 R M R3S A R 9 A O
ISEN UK

1 BETEAS B 3 FR AR 2 B

% 3 Ao W E AR AT ) R AE B TR OK
Ak B TSR 7 LA Ky TR 7 S ok i A
b R FLAR , JFE el ) 2L 4% R U K Bl L
WIS A0 2, AR A SRR 73 o AR 58

SRS IR ZEE . SCHR 19 145 1 T BUA A Bk R
SR SR VIR iR R (1 b &2 g e US|
7R R Bl B LA 1 ) 5 A 45 2
BN T E AL D, AR SC DL B R LSRNy
FHIE F AR, JT R R 1E AT B 35 A5 A .

[ PGS

I s

[ [k s

19.05% W LETR

5.31%

19.41%

/

56.23%

E1 ARESLBEBEBIZERSSIE
Fig. 1 Proportion of cracks with different forms in
highway tunnel lining™®
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Table 1 Parameters and performance of several common neural networks®"
AR TR TFRPREEEIE/ % RMUR/(T-s™) AR AR FHERSIAR R WAGHERARER
Faster R-CNN 73.2 7 1 6 000 1 000%600
Fast YOLO 52.7 155 1 98 448%448
YOLO 66. 4 21 1 98 448%x448
SSD300 74.3 46 1 8732 300x300
SSD512 76. 8 19 1 24 564 512x512
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