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Abstract [ Objective] To address the low accuracy and difficult interpretation in detecting hidden hazards around municipal
drainage pipelines, this paper validates the effectiveness and reliability of pipe penetrating radar ( PPR) through a combination of
controlled full-scale experimental setups and field engineering measurements, and demonstrates its potential for intelligent operation and
maintenance of large-scale drainage networks. [ Methods] Three full-scale experimental setups (3.16 mx3.20 mx2.56 m) were
constructed with buried DN80O concrete pipes under 12 conditions, including standard, defect, and interference scenarios, to collect

270 PPR 2-D Longitudinal-profile ( B-Scan) images. A you only look once version 8 YOLOv8) algorithm instance segmentation model,
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integrated with a convolutional block attention module (CBAM) , was developed for hazard identification. Additionally, a localization
algorithm combining multiple-wave reflection and hyperbolic fitting was established. The method ology was further validated through a
field application on a 150 m drainage pipeline section in NH Avenue, Wuxi, utilizing joint detection with both PPR and ground-
penetrating radar (GPR). [ Results] In the controlled experiments, the defect localization error was less than 0. 15 m. The YOLOv8-
CBAM model achieved an mean average precision at intersection-over-union threshold of 0.50 ( mAP @ 50) of 0.921 on a
comprehensive dataset of 535 B-scan images. During the field engineering test in Wuxi, the method successfully identified and located
four soil-void hazards. The result demonstrated that the proposed method enables high-precision, cross-scenario recognition and

The proposed YOLOv8-CBAM-based PPR method

establishes a closed validation chain from controlled “full-scale setups” to “field-engineering transfer” , enabling high-precision and

quantitative measurement of hazards surrounding drainage pipelines. [ Conclusion |

robust recognition and quantitative measurement of hazards surrounding drainage pipelines. The result support its practical applicability

for rapid non-destructive inspection and intelligent maintenance of municipal drainage pipeline networks.

Keywords pipe penetrating radar ( PPR) ; drainage pipeline inspection; pilot study; instance segmentation; machine learning;
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Fig. 1 Detection Equipment
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Fig.3 Drainage Pipeline Model A

B4 HAEERXREB
Fig. 4 Drainage Pipeline Model B
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Fig.5 Drainage Pipeline Model C
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Fig. 14 Recognition and Calculation of
Field Measurement Data (y33-y35, 2-4 m)
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Fig. 15 Segmentation and Calculation of Multiple Targets: (a) y37-y39 (24-28 m); (b) y37-y39 (8-14 m)
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