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•  Pipeline operators are getting increasing pressure from regulatory authorities and environmentalists to guarantee 
the integrity of their pipeline network, while facing financial pressure to minimize their maintenance cost.   

• This paper presents a new approach to pipeline external corrosion and mechanical damage direct assessment 
using a 3D laser scanner with dedicated software. 
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PIPELINE EXTERNAL CORROSION ANALYSIS USING A 3D LASER SCANNER 
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Introduction 
•  Pipeline operators have to inspect their pipeline network directly or through NDT inspection service companies. 

In-line inspection (ILI) tools allow the identification of critical zones with external corrosion or mechanical damage 
by magnetic flux leakage (MFL) or ultrasonic (UT) methods.   

• The code specifies that a prove-up from the outside of the pipeline is required for critical zones, often requiring 
excavation.   
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Direct assessment equipment 

1-Portable 3D laser scanner 2-Touchscreen wireless tablet 3-Rugged Field-Pack 
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Setup 

  

1-Prepare surface 

2-Calibrate unit 

3-Set reflective targets 
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Data collection 

1. Acquisition parameters setup-data resolution 

2. Operator hold the scanner at 25 cm(1 foot) 

3. Pull the trigger and acquire data  

 

 

 

 
Resolution  

 
Accuracy = 50 microns 
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Pipeline parameters/Analysis criteria 

1. The inspector enters the pipeline parameters and analysis 
criteria before calculation. 

2. Parameters are useful for burst pressure calculation and 
apply interaction rules. 

3. A report is auto-generated in excel format for assessment 
to determine pipe remediation. 
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Improve data quality 
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Dynamic referencing system 

1. Dynamic referencing ensures in-situ laser acquisitions with constant accuracy within specifications.   

2. This constant accuracy is overcome by positioning the scanner spatial referential directly on the 
pipe.   

3. Since the pipe and the spatial referential are linked together, they both move in a synchronised 
manner which compensates the pipe and scanner movements.   
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pit gauge /comparison method 

1. The manual pit gauge inspection technique is the point of comparison for all other techniques 
developed for external corrosion analysis since the ASME B31G and equivalent code were written. 

2. It is based on single point measurements in a grid pattern.  

 

Pit gauge picture 
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Perfect cylinder data alignment 

1. One method consists in regressing a perfect cylinder feature aligned with the scanned pipe.  

2. This method does not compensate for any flatness, ovality or deformations affecting the real pipe 
geometry.    

NOT CORROSION! 
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Virtual pit gauge method 

1. The numerical method must therefore reproduce the manual method to obtain comparable depth 
measurements.    

2. The proposed analysis software uses a virtual pit gauge to simulate the physical contact between the 
pit gauge and the pipeline.  

3. The proposed method using a virtual pit gauge compensate for the pipe geometrical deviations with 
a best-fitted surface made from the unaffected areas around the corrosion, as shown below.  
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One side virtual pit gauge 

The virtual pit gauge extends now its capability by having 
the intelligence to manage :  

1. Depth measurements near welds,  

2. valves,  

3. floor or any kind of obstacles.   

Weld 

Cross section 2D view of corrosion on each side of a weld 

Extraction of 

Corrosion next to Weld 
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Repeatable results 
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Auto-generated reports 

Auto-generated Excel report 

 Burst pressure (3 methods) 

 Interaction rules applied 

 Maximum depth 

 Dimensions 

 Position 

 Colormap 

 River-bottom path overlay 

 Worst case profile 

 

 

../12-Pipecheck Report/zoom 150.xls
../13-CSV Reports/789pdf33.csv


16 

Inspection speed 
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Data collection mode 

1. 25 000 points measured per second 
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Data collection mode 

1. Scanned surface is reconstructed in real-time to form a 
3D mesh file (Stereo lithography native files). 

2. Pipecheck output .STL and Quad mesh  possible to 
import in FEA softwares 

 

 

 

 

 

3D mesh file/.STL  
 

 
Quadmesh  
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Recognition of shapes 

1. Inside the data collection mode.  The system can also recognise the data acquisition shape; 
either it is a convex or a concave shape.   

2. When analysing, the system will use the same pipeline parameters for the shape recognized. 

 

 

 

Concave Convex 
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Inspection speed-Scan speed comparison 

1. Graph 1 shows a scanning speed comparison between the pit gauge technique and 3D laser 
solution using a 10mm grid pattern. 
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Repeatable data collection 
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Positioning system 

1. Reflective targets must be positioned on the pipe so the scanner can reference itself by 
triangulation with its binocular vision. 

2. The reflective targets are randomly positioned on the pipeline to create a unique pattern. 

3. If the same pipe surface is scanned twice with different target positioning, both scans will 
be the same, again to eliminate the operator skill factor.  
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Positioning system 

1. This positioning system avoid the need for stitching data and eliminates at the same time 
human factor error cause by data stitching.   

 

+250 microns 

+250 microns 

+250 microns 

Pipeline Surface 

+/-300 microns 

12” by 12” acquisition 

Device accuracy 

specified 

+250 microns 
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+300 microns 

+300 microns 

+300 microns 

+300 microns 

+300 microns 

+/-3,05 mm  
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Focal distance 
1. Another important scanner feature to consider is the focal distance, considering optimal 

inspection can only be achieved within a certain distance range between the scanner and the 
pipe.  

2. Using a proximity indicator on both the software scanning window and scanner using LED, the 
inspector is kept informed at all time during acquisition.  

3. The system will automatically stop data acquisition if the scanner is out of focus or out of 
tolerance . 

 

 

Pipeline Surface 

50 microns accuracy everywhere on the pipeline 
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Surface reconstruction 

1. During the acquisition with the 3D laser scanner, a mesh surface file is updated in real-time 
to avoid computing point clouds. 

2. When data points are not linked together, it leaves the possibility of overlapping multiple 
points on the same location creating noise in the scan.   

3. Furthermore, merging point clouds generate deviations like roof angles or offsets that can 
be avoided with a mesh file. 

 

 

 

 

Mesh Point cloud 

VS. 
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Automated analysis 

1. Data analysis follows the same approach to ensure repeatability with pre-programmed 
calculation and software operations.   

2.  The inspector only needs to input the known pipeline parameters required for burst pressure 
calculation and interaction rules.   

3. The analysis is based on ASME B31G code to comply with code and ensure best practices. 
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Conclusion-ILI Correlation 

1. We implemented a visual interface to perform in-line-inspection correlation with the data 
acquired by the 3D Laser scanner.   

2. Minimize economic impact of digging areas where no repair is needed for pipeline owners.   

3. Reduce time to correlate data between ILI vendors and pit gauge (or any other direct assessment 
tool) to qualify ILI tool performance.   

4. User interface completely optimized to compare: Depth, Length, Width and Burst Pressure   
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Thanks for listening! 

Questions? 


