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Development of an FPGA-based Sealer Coating Inspection Vision System
for Automotive Glass Assembly Automation Equipment
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Abstract

In this study, an FPGA-based sealer inspection system was developed to inspect the sealer applied to install vehicle glass on a car

body. The sealer is a liquid or paste-like material that promotes adhesion such as sealing and waterproofing for mounting and assembling

vehicle parts to a car body. The system installed in the existing vehicle design parts line does not detect the sealer in the glass rotation

section and takes a long time to process. This study developed a line laser camera sensor and an FPGA vision signal processing module

to solve this problem. The line laser camera sensor was developed such that the resolution and speed of the camera for data acquisition
could be modified according to the irradiation angle of the laser. Furthermore, it was developed considering the mountability of the entire
system to prevent interference with the sealer ejection machine. In addition, a vision signal processing module was developed using the

Zyng-7020 FPGA chip to improve the processing speed of the algorithm that converted the profile to the sealer shape image acquired
from a 2D camera and calculated the width and height of the sealer using the converted profile. The performance of the developed sealer
application inspection system was verified by establishing an experimental environment identical to that of an actual automobile pro-

duction line. The experimental results confirmed the performance of the sealer application inspection at a level that satisfied the require-

ments of automotive field standards.

Keywords: Automotive design parts assembly system, Glass mounting system, Sealer coating inspection system, Line laser
vision sensor, FPGA based vision signal processing module, Smart factory
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Fig. 1. Cell structure of sealer application inspection system (a) blue-
print of system, (b) real system.
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Fig. 2. Composition and communication system of sealer application
inspection system.
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Fig. 3. Signal flow chart of sealer application inspection system.
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Table 1. Our developed line laser camera sensor specifications.

Items Line laser camera sensor

Start 80 mm

Working distance Mid 100 mm

End 120 mm

Light source Laser class 2M (520nm, 660nm), <20mW

Angle of laser line 60 deg.
Weight <1,500g

Interface Ethernet GigE
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Fig. 4. Our developed line laser vision sensor (a) blueprint, (b) 3D
design, and (c) real system.
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Fig. 5. FPGA vision hardware module (a)board design (b) hardware
signal black diagram (c) real system.
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[ PLC-Robot-Vision system ON signal ] [ FPGA vision module ON ]
. . Line laser camera
4’[ Sealer inspection system ON H Sensor ON ]
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1. Check the PLC, ROBOT, Line laser camera sensor, FPGA
module communication and data TX, RX
OK |
[2. Set the initial 2D image ROI region of Sealer coating ]
[ 3. Object(Sealer) Profile conversion of FPGA module ]
[ 4. Profile width, height Calculation of FPGA module ]
5. For Sealer and width, height calculations compared to a
predefined value good and bad judgment
oK OK | NG
4[ 6. Result display ]
Fig. 6. Schematic diagram of sealer inspection algorithm.
[ PLC sequence Event]
0 1 2 3 4 5 6 7
Sealer Sealer Sealer Sealer
Reset Ready Start Comp. Carl Car2 Card Car
8 9 A B C D E F
- - Posl Pos2 Pos3 Pos8 Pos16 -
[ Vision sequence Event]
0 1 2 3 4 5 6 7
Sealer Sealer Sealer Sealer
Reset Ready Start AcK. Comp. AcK. oK oK B B
8 9 A B C D E F
Fig. 7. PLC communication protocol for sealer inspection system.
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Fig. 8. Profile extraction concept of sealer inspection system.
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Fig. 9. Sealer profile conversion : (a) algorithm diagram and (b) cal-
culation algorithm.
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®)

Fig. 10. Experimental environment for performance verification; (a)
A real sealer inspection test scene, (b) the automotive front
glass for measuring the width and the height of the coating
sealer, and (c) our developed sensor for sealer inspection

test.
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Table 2. The results of height and width measurement for test jig (width: 8mm, height: 12mm). (unit : mm)
Our Sensor Measurement error
No GROUND TRUTH Our developed sensor - -
Height Width
1 - -0.567 0.448
Width: 8.567, Height: 11.552
2 - -0.512 0397
Width: 8.512, Height: 11.603
3 - -0.336 0.783
Width: 8.336, Height: 11.217
4 - -0.43 0.498
Width: 8.430, Height: 11.502
5 - -0.472 0305
Width: 8.472, Height: 11.695
Average error -0.4634 0.4862
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Table 3. The results of height and width measurement for real sealing of automotive glass. (unit : mm) (unit : mm)
No GROUND TRUTH(HEIGHT) Ground truth(Width) Measurement value of our sensor Height error  Width error
1 - o . 0.897 -0.013
Height : 13.9 Width : 9.0 Height : 13.003, Width : 9.013
2 - == 0211 -0.901
Height : 17.0 Width : 8.9 Height : 16.789, Width : 9.801
3 - == 2.049 0.406
Height : 15.8 Width : 8.5 Height : 13.751, Width : 8.094
4 0,641 11,596
Height : 14.0 Height : 14.641, Width : 9.096
5 1.807 -0.193
Height : 11.293, Width : 10.293
Average error 0.8646 -0.4594
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