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Problem Statement

• Checking defects along 2.7M miles of gas pipeline and collecting timely inspection 
data is a daunting task despite the availability of modern UAS 

• Challenges 
1. Inspection data collection (large quantity of high-quality 3D pipeline data)

2. Inspection data management (how to reference the 3D defects data)

6



Problem Statement

The proposed solutions: 

An end-to-end 3D data collection and management system
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1. Inspection data collection (large quantity of high-quality 3D pipeline data) 
 automate and enhance UAS inspection through 3D path planning
2. Inspection data management (how to reference the 3D defects data)
 3D model-based data management system with georeferencing capacity 



Objectives

1. Develop  a geo-referenced  3D data management system to manage 
the identified pipeline defect data

2. Develop 3D Coverage Path Planning  algorithms to automate high-
quality 3D pipeline inspection data collection

3. Develop a UAS-platform infrared-based gas leakage detection 
method to detect gas leakages along the pipelines
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Major Tasks

Task 1: 3D inspection data management system

Task 2: 3D Coverage Path Planning Methods

Task3: Develop or identify 3D profile change method

Task 4: Develop infrared-image-based gas leakage detection method

Task 5: Field validation 
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Outcomes
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• Task 1: 3D data management system

System Overview



Outcomes
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• Task 1: 3D data management system

Implemented Demonstration System



Outcomes
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• Task 1: 3D data management system

Case Examples
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Field Pipelines



Outcomes
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• Task 2: Quality-based 3D CPP

Overhead

Next Best View

Our method



Outcomes
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• Task 2: Quality-based 3D CPP-Field Test



Outcomes
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• Task 2: Quality-based 3D CPP-Field Test



Outcomes
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• Task 2: Truss-structure 



Outcomes
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• Task 2: Truss-structure-field test 



Outcomes
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• Task 3: Identify 3D Profile Change: CloudCompare



Outcomes
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• Task 4: Infrared-image-based gas leakage detection



Outcomes
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• Task 4: Infrared-image-based gas leakage detection-Field Test

Processed Image –Time Series



Conclusions
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1. The performance of the 3D CPP accuracy is comparable to the traditional laser scanning 
method but takes much less time compared to the time-consuming stationary terrestrial 
laser scanning methods. And thus, it allows UAS to be widely used as an automated 
powerful gas pipeline inspection tool.

2. The proposed data acquisition system (UAS and 3D CCP) and the proposed infrared 
image processing method working together can be used to detect pipeline gas leakage.

3. The 3D inspection data can be managed more visually using 3D geo-referenced 3D 
models to allow more accurate documentation of the defects’ locations.



Discussions
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Concerning API 653, since the developed inspection method is based on the accuracy of 
the reconstructed 3D models with texture, it can be used to conduct tank settlement 
evaluations, such as factors of out-of-plane, body-tilting, edge settlement, and other body 
deformations when the body changes of geometry dimensions greater than 2 centimeters. 

Concerning Right of Way Encroachment, based on the field test result of the truss-bridge 
case, encroachment or river scour sediment or soil movement can be detected if the 
distance (change) value is greater than 5 centimeters.



Project Page & Final Reporting

More detailed information and the final report is available on the project page 

https://primis.phmsa.dot.gov/matrix/PrjHome.rdm?prj=844
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