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Abstract

Path planning for in-pipe inspection robots is a key technology for reducing energy consumption and
time costs during inspection tasks. To address the full coverage inspection problem in pipelines, this
paper presents a systematic engineering solution based on the classic Chinese Postman Problem (CPP)
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framework. In this approach, the pipeline structure is first modeled as a complex network. The mini-
mum spanning tree of the network is then extracted to obtain the optimal connected backbone. Based
on this, an Eulerian transformation is applied to the original network graph: by matching odd-degree
nodes and adding minimal-weight duplicated edges, the non-Eulerian graph is converted into an Eu-
lerian graph. Finally, the Hierholzer algorithm is employed to find an Eulerian circuit, generating an
inspection route that covers all pipeline segments without omission and minimizes total weight. Ex-
perimental results demonstrate that, compared with traditional methods, the proposed solution sig-
nificantly enhances path efficiency and operational performance of inspection robots, offering an ef-
fective and feasible technical solution for pipeline inspection applications.
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Figure 1. Nodes and edges of the pipeline network model
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Figure 2. Types of pipeline installation
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Figure 3. Complex network model of the pipeline system
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Figure 4. Minimum spanning tree
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Figure 7. Cumulative weight growth curves during the inspection process
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