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The purpose of this study is to develop a system that can accurately extract the
machining start point based on the developed laser vision sensor system in the
manufacturing system for carbon fiber reinforced plastic (CFRP). The developed
sensor system comprised a multi-line laser scanning module, camera-based
image acquisition module and specially designed image processing algorithm.
The multi-line scanning module created several laser lines on a hole located on
the CFRP, and the captured images were processed to extract the coordinate
information of the hole on CFRP. Finally, The machining start point was
extracted using the n-point circle center extraction method.

To verify the reliability of the developed sensor system, numerous experiments

were tested and analyzed to increase the accuracy through the actual field system.
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Fig. 2 Hole for recognition of machining start point
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Fig. 6 Flow chart of multi-line laser scanning algorithm
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Fig. 8 Flow chart of algorithm for detecting feature points on
laser line
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(a) Harris corner detection

(b) Shi - Tomasi corner detection

Fig. 10 Results of extracting feature point by 2 corner detection
algorithms
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(a) Harris corner detection
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j-min ‘11
(b) Shi-Tomasi corner detection

Fig. 11 Corner discrimination
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(a) - Machining system '
device 1

| Vision
~ . - sensor

Control module

(b) - Control

Vision sensor control
module
T

Fig. 15 Experimental setup for detecting center point of machining
hole on CFRP panel

% Laser vision System

Galvanometer motion control
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W[ 7 [ WOe0820I 500000000000

RSZ3C Serial data

Fig. 16 Graphical user interface software that performs real-time
monitoring and image processing algorithms for laser
line
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7. Recognition of machining start
point’s location information and
transfer of machining tools

| Machining robot control system

I l 1. Start Signal

5. Machining start w0 .
point extraction w0 | e .
— ol . .

6. Machining start point
3D location information
transmission

Laser — vision sensor control module

2. Scan angle setting value
(CAN protocol)

4. Scan angle reception
response(CAN protocol) and
image data transmission

3. Laser irradiation according
to the received scan angle

o

Multi-line scanning

Fig. 17 Process of machining start point recognition and coordinate
transmission from vision sensor to machining robot
controller

Table 1 Experimental conditions

0.1/ 0.5/ 1.0 (°/step)
Random position
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90 mm (fixed)
(u, v) = (22.95 mm, 27.20 mm)
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Measuring count

z coordinate

Real coordinate

Hole diameter
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Fig. 18 Results of center point extraction using n-point circle
method
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Table 2 Ratio of starting point extraction in the whole process

Scanning Speed (°/step) 0.1 0.5 1.0
Scanning Time (s) 9.1 4.5 0.9
Total Process Time (s) 67.1 62.5 58.9
Processing Start Point Extraction
Time Ratio (%) 13.6 7.2 1.53
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