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Development of Real-Time Pipe Shape Measurement System
Using Line Laser Imaging
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Article history: As the plant, home appliance, and automobile industries develop, the importance
Received 4 August 2025 of piping technology using pipes is increasing along with material technology.

Revised 15  August 2025

Accepted 18 August 2025 During the bending process, pipe products stretch and the bending curvature

changes due to spring back after bending. Assembly errors occur because of
accumulated deviations in pipe shape during the bending of pipes with multiple
Keywo.rds.' bending points. In this study, we developed a measurement system capable of
Real-time capturing pipe shape information in real time during the pipe bending process. The
performance of the system was quantitatively verified through 45° and 90° pipe
bending experiments and comparative measurements conducted by installing it on
Line laser image a bending device. The results confirmed that the developed pipe shape
Image processing measurement system exhibited a maximum measurement error of 0.178° in
bending angle and 0.254 mm in vertex position.
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(a) Pipe shape before bending process
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(b) Pipe shape after bending process
Fig. 1 Shape change due to spring back occurring in the pipe
bending process
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Fig. 2 Methodology for measurement of pipe shape
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Fig. 3 Configuration of pipe shape measurement system
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Table 1 Specifications of developed measurement head

Item Value
Measurement resolution 0.05 mm
Measurement area 96x128 mm?
Working distance 300 mm
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Fig. 5 Operation module
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Fig. 6 Image processing flow for calculating pipe shape information
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Fig. 7 Center coordinates of the pipe displayed in the camera
area
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Fig. 8 Control module
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(a) Bending machine equipped with developed pipe
shape measurement system

(b) Measurement module and bent pipe specimen
Fig. 9 Experimental setup
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Fig. 10 Pipe shape information calculated by image processing
procedure using measured laser images

(a) 45° bending (b) 90° bending
Fig. 11 Pipe specimen after bending process
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Table 2 Measurement results of pipe shape information after 45°
bending process

Specimen Measured | Reference |Difference Unit
P value @ | value @ | @-O
1 43.547 43.651 0.104
) 2 43,191 43.296 0.105
Bending 1777 43259 | 43355 | 0096 | degree
angle
4 43.184 43.343 0.159
5 43.052 43.230 0.178
1 227.240 | 227.156 -0.084
2 227.334 | 227.519 0.175
Vertex 3 227.636 | 227.890 | 0.254 mm
location
4 227.260 | 227.433 0.173
5 227.056 | 226.836 -0.220

Table 3 Measurement results of pipe shape information after 90°
bending process

Specimen Measured | Reference |Difference Unit
P value @D | value @ | @-O
1 87.126 | 87.174 | 0.048
_ 2 87.085 | 87.151 | 0.066
Bending 87.183 | 87.102 | -0.081 | degree
angle
4 87.028 | 87.106 | 0.078
5 87317 | 87213 | -0.104
1 196.038 | 196.020 | -0.018
2 196.671 | 196.884 | 0213
Vertex 3 196.835 | 196.858 | 0.023 mm
location
4 196.898 | 196.704 | -0.194
5 196.878 | 196.635 | -0.243
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Fig. 13 Difference between the reference and measured values
of pipe shape information

Table 4 Specifications of developed measurement system

Item Value Unit

Max. measuring error

of bending angle 0.178 degree

Max. measuring error of

. 0.254 mm
vertex location
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