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Damage Detection of Pipeline Insulation Layer Based on Line Structured
Light and YOLOVvS

Wang Zihan, Yang Guotian ', Lan Tianxiang, Li Yaqi
School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China

Abstract Detection of the damage to the pipeline insulation layer in a complex environment 1s challenging because the
current automatic damage detection ignores the depth information and only uses the 2D image information. For the orbital
robot inspection scene, a damage detection method for the pipeline insulation layer based on line structured light and
YOLOV5 is proposed as a solution to this issue. After pre-segmenting the laser domain, the line structured light was added
to the video acquisition device, and the laser center line was extracted using the adaptive threshold method. Further, the
active ranging was operated in conjunction with the theory of line structured light depth measurement. To address the
registration issue between the RGB images and depth information, RGB-D images were automatically created from the
video by image stitching. Finally, RGB-D damage detection using the YOLOVS5 algorithm with middle-level feature fusion
was conducted to identify and classify two types of damages: bulges and dents. Experimental results indicate that the
suggested method can extract RGB-D data from the captured video using the orbital robot, and the mean average precision
of detection reaches 85.1% , making it possible to detect damage to the thermal insulation layer of the thermal pipeline
with high accuracy and efficiency.

Key words surface damage detection; linear structured light; deep learning; thermal pipeline; image processing
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Fig. 1 Orbital robot with a laser transmitter and a camera
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Fig. 2 Influence of stitching position on imaging perspective.

(a) Pixels in the rightmost column of each frame are

stitching; (b) pixels in the middle column of each frame

are stitching
AN TRl 7 B AR 3R E AT PREE I, 2 1R 37 B A0 28 1)
(0B AF A 22 5, T TR A B PR R B 0 R A5 MO
W2k, A5 RGB 5 5 B8 B2 FAR B9 AL F AR T, 07
B PEEE MO AR R AL B AT DR LU RCE . 5E

0611008-2



45 06 O B AL B0, 23 A7 R A OB RE | IR
R AR R R B 1) A 0 A S ] A S BUR = A
TR b A R AT A R ) DA AR AR
GBS A A i B2 52 R L T DA 220 B ERICR Bl R
ALK S TEIRY
2.2 SEEMeEEREE

2 25 P OB AE T IR B (2 m ) I B O R I B R
FIURE BB, 32 IR B8 58 BE 52 ) /)N |, B 8 A1 i 400 3R 1

E 6055 6H1/2023 £ 3 A/BAERBEFEHE

ok
1

s |
)

|

3 LA i RGB K]
Fig. 3 RGB long image generated by a video
2 OK R TR JE R AL, 2R 45 R O T % R D B [ 4
B 7 o

(@) (b) imaging plane
image | Lo,
Yy £ 3imm -
laser transmitter s [
-—— 4
- 4 = camera 2 Xlens
M )
I(z)

measured surface

B4 0RE BB Ca) 45 K D00 B 28 5 (D) B A5OG %
Fig. 4 Ranging principle. (a) Principle of structured light ranging; (b) optical imaging path
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Fig. 6 Extraction for the laser center line by the adaptive threshold method after pre-segmenting the laser domain. (a) Original image;

(b) laser domain pre-segmenting; (c) adaptive threshold method extraction
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Fig. 8 Extraction results of laser center line. (a) Original image; (b) thresholding method; (c) extreme method; (d) proposed method

3 WAy ik

YOLO 81 46 Ay 5043 S K6 0 99 4% HLAT
R B PR LR W OKS BE R R RE A5, YOLOVS & X
YOLOv3 #E47— & 81 el o £3 2, DL ST 4% 521k 19 ™)
2% ZERE RN B G (R I SCRAS B T T N . BR R
B BRI TEm ARG LR REEMA YOLOVS 42
o R G 0 B TN 8% N 1] 9 BT R

SCHR[16-17 5256 3E W], RGB-D 15 B 89 v 2 57 1F

AR AR TR A S S K mm A, HiL, 2%
X SCHE P 2R AR A VAR R A YOLOVS 224y
HEATECHE 36 B T CSPDarknet B T W 4%, & il 45 1F 32
B2 E A 9O RGBAFEE 5 DAF B ARG s, 18 fm 2p
TR ECD 3 T E B A RRAE R BUZ . W E 9 FToR  E K
W25 1% 38 2 2 W /Y P 2 AR AE AL A s E AT IR D A
RGB MERAE Rl A, R 1< 11 38 UK 38 38 B0 (o) i
Shy J G 3 S A R ) o AT RS AL A . R RRAE fil
B W PR R R AR 2 R E A = A A TR

0611008-4



160%160x128

01.3.5;,3.‘.2.,91.28

80x80256 S X 26

CBS: 3,2¢256

F605FE 6H/2023F3 A/BAEBEFZHE

,___ﬁonéﬁmnkS(}XSOX%G

! ggxgo,;gi;'oBs: {20512 CBS:3,2¢1024

¥

£ (3 »SPP)

20+20+1024

20x20x1024

40x40x512

BS |

: _lzoxzoxmz'
. 40x40%512 ... 20x20x512 e “het :

cat—'-03 —»‘CBS—\- Concat—-CS

|
1
'SPPF ; .
| " :
: T 20%20x1024 |
X AX0 g ; Neck :
L .
o e e s s et e
...................................................................................... 1
1 PEnT. Toen
1 Conv
1 paizas
0 1
—Conesp—{CBS |- |
T '
[}
]
]
1
: Head

_________________________________________________

E9 B YOLOVS M 4% 454y
Fig. 9 Improved YOLOvV5 network structure
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Table 1 Device parameter configuration

Parameter Value Parameter Value
a /(%) 84 v /(m-s ") 0.1
M 1920 F /(frame+s ') 50
n, 1080 d /mm 90
f/mm 18 L/m 0.7
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Fig. 10 RGB-D map generated from a video
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Table 2 Comparison of indicators of various models

AP /% )
Method Dataset type Bulge Dent mAP /% Detected time per frame /ms
YOLOVS RGB 80. 1 82.3 81.2 4.4
Fast-RCNN RGB 80.5 81.8 81.2 8.7
YOLOvVS RGB-D 83.0 83.5 83.3 4.6
YOLOv3+midF RGB-D 83.2 84.6 83.9 9.0

YOLOv5+midF (Ours) RGB-D 84.5 85.7 85.1 6.2
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