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Detection of Various Pipeline Diseases Based on Lightweight GELAN
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Abstract: Drainage pipes play crucial roles in urban infrastructure with long service life. However, various issues are
inevitably caused by long—term use that can cause environmental and safety problems. Therefore, regular detection
of the types and quantities of drainage pipe diseases is crucial for providing data support for pipe maintenance. To
address the issue of low detection accuracy in existing pipeline disease models, a lightweight GELAN network is
proposed based on YOLOVY. Firstly, GELAN is made structural lightweight by reducing the depth and width fac-
tors, resulting in a 92.97% and 92.85% reduction in parameters and computational load, respectively; Secondly,
conventional convolutions in the network backbone is replaced with depthwise convolutions (DWConv), mading fur-
ther structural lightweight and enhancing the model’s accuracy at the same time ; Finally, DySample is introduced.
According to the input data features, convolution kernel weights is adaptively adjusted for capturing disease details
and features more effectively, while time—consuming dynamic convolution operations and additional sub—networks is
avoided. Experimental results show that the proposed model achieves an average mAP value of 94.5% of seven
pipeline disease detection tasks, demonstrating significant engineering practical value.
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Fig. 2 Framework of the improved GELAN
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Tab. 1 A comparison of model parameters and computational amount
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Tab. 2 Ablation experiment results
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Tab. 3 Comparison results of different models
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4 & iF

E# % GELAN AR5 T S5k 52 AR I 9%
38 o 980 TR B DR R 9 BE R - X GELAN 5278 25 )
AT AR, 1 25 3 T B bR v o B e O TR
[ 4 L DWConv , i#F— W /D T LAY (1) 2 B0 f it
B, Ak 5] A DySample b oRAEER B | 75 )
2% T G Al B S B A0 YT RARAE , SEEG 2 SRR
TCISFETT I A RS 7 I, G GELAN L[
BRAR AL, Mk GELAN A5 R 2 508 it 5

i GELAN BRI 73 51 /> T 92.97%F1 92.85% , K
WS- K5 B A 2] T 94.5% , ] DL 2 5% RS Bl ik
PRSI B SR AT — 7 1 S F I AN, AN, 76K
e W AIFFE R aE — 25 B I HE K A I8 R A 1) B
FE T DL $R v AR TR A o 0 3, i L O 4 b 3 )
SCPR TRERT K,

[ £ %5 30k ]

[ 1] 7R3, i s KA A I 4 15 R s 5 (D). dE ot

4
R K% ,2016. (LI R H. A study of urban sewer inspection , as-



52 4

AR BE T AR AL GELAN 1 22 il 28 48 1805 75 4G

125

[10]

sessment and related factors[ D ]. Beijing: Tsinghua University,
2016.)

HUANG R M, TAO Z K,LIN Y C,et al. Current situation of
drainage pipe network in China and its detection technology:a
brief review [J]. Polish journal of environmental studies,2024,
33(1):19-29.

BN BNE, RPL. CCTV A I e HE /K48 T8 6 D0 o 1y 1o T S5 A5 [,
T 7, 2023 (Supl) :67-71. (ZHAO T H,SONG K. Applica-
tion and research of CCTV inspection in drainage pipe detection
[J]. Urban geotechnical investigation & surveying,2023(Supl ) :
67-71.)

HUANG F,WANG N N,FANG H Y, et al. Research on 3D de-
fect information management of drainage pipeline based on BIM
[J]. Buildings,2022,12(2):228.

LIU X C,ZHANG H F,SONG X M, et al. Monitoring and analysis
of the current situation of the drainage network in a city of northern
China[J]. IOP conference series: earth and environmental science,
2018,186(6):012033.

R A ER AR R AR HE KA TG I H R B e S IR LD D, P I
437K 4lk7K ,2006,22(12) :11-13. (LI T,ZHENG R D,ZHU J. De-
velopment of sewer inspection and assessment technologie [J ].
China water & wastewater,2006,22(12):11-13.)

DONG S H,SUN X, XIE S Y, et al. Automatic defect identifica-
tion technology of digital image of pipeline weld[J]. Natural gas
industry B,2019,6(4):399-403.

HAWARI A,ALAMIN M, ALKADOUR F,et al. Automated de-
fect detection tool for closed circuit television (CCTV) inspected
sewer pipelines[J]. Automation in construction,2018,89:99-
109.

R Jg. TR P G 4 I BB AT T RS [ D). 7
2 P8P TR %% ,2018. (HUANG Y L. Research on pipeline
crack detection based on video image[D]. Xi’an:Xi’an Univer-
sity of Technology,2018.)

WANG M Z,LUO H,CHENG J C P. Towards an automated
condition assessment framework of underground sewer pipes based

on closed-circuit television (CCTV) images|[J . Tunnelling and

[11]

[13]

[16]

[17]

underground space technology,2021,110:103840.

LID W,XIE Q,YUZH,et al. Sewer pipe defect detection via deep
learning with local and global feature fusion[J]. Automation in
construction,2021,129:103823.

W& 2, T 0T, RS, R T kilE YOLOX i M kK 4 3 ik
AU S [T ). IR R ,2022,45(21) : 161-168. (LU Q
R,DING X,LIANG Y W. A defeet recognition method of the
underground drainage pipe based on improved YOLOX algorithm
[J]. Electronic measurement technology,2022,45(21):161-168.)
TP, ) ARAE AF KT YOLOVT (45 T i e A ) 4
ARWFFELI ] LT AL TR %40, 2024 ,44(4) :82-90. (FENG
L D,WANG C,QI J,et al. Research on pipeline defect detection
technology based on improved YOLOvV7[J]. Journal of Liaoning
Petrochemical University,2024,44(4) :82-90.)

WANG CY,YEHIH,LIAO HY M. Yolov9:learning what you
want to learn using programmable gradient information[J]. Arxiv
preprint arxiv,2024:13616.

LIUW Z,LU H,FU H T, et al. Learning to upsample by learning
to sample[C]. Proceedings of the IEEE/CVF International Con-
ference on Computer Vision,2023:6027-6037.

LIYJ,MA CY,LILP,et al. Lightweight tunnel obstacle detec-
tion based on improved YOLOV5[J]. Sensors,2024,24(2):395.
SANDLER M,HOWARD A,ZHU M L, et al. MobileNetV2 :in-
verted residuals and linear bottlenecks [ C ]. Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition,
2018:4510-4520.

HAtEE L, 0, m TR, 2 L, BN LR s

DR TR IS T AR
BRI T, 95, Mg LR, 2, = S TR A o

SR AL RS TAF

TR, B g AR, A, RN TR
IE /S (E

ARATIR U5, G TR, 2, TN £ TR
BhIRAE LA

JE o 55 B, T, BT A R R AR

(L35 116 M)

cleaning technology on small diameter ductile iron water supply
pipeline[J]. China water & wasterwater,2021,37(3):69-73.)
THA IRAERL, TR, S5 KP4 K T 22 A R R D BT 5
[J1. i< fi%iz ,2004,23(10) :8-12. (SU X J,ZHANG X G, WANG
D, et al. Pressure loss calculation of multiphase slug flow in hor-
izontal pipeline[J]. Oil & gas storage and transportation, 2004,
23(10):8-12.)

TWHAR, SN, A5, 55 A PR A I8 kR e e AR N
R 5T 5 BT [T]. oK HOR ,2024,43 (6) :204-209. (FAN
LJ,GUO J P,WANG S H,et al. Application case analysis and
discussion of ice slurry flushing technology for existing water

supply pipelines[J ]. Water purification technology,2024,43(6) :

[19]

204-209.)

P SCTT. T 928 A A DR VEBCR WP D] db st
Al K 2%,2018. (RUI W J. Research on the cleaning effect of
pipeline slurry based on experiments[ D |. Beijing: China Univer-
sity of Petroleum,2018.)

g KPR oh I 1 4 K B 1 A I R T 9 e HG AR A A A
[D]. MR W R T Tolk K 2% ,2014. (YANG K. Two-phase flow
reserach and numerical simulation of air-water pulse cleaning
process for water distribution pipe[ D ]. Harbin : Harbin Institute of
Technology,2014.)

HAIEE : SKA U, IE R TR, 1, RN /R 2 e fR I

R RIS T AR





