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A Machine Vision Algorithm for the Automatic Inspection of
Electron Gun Heaters

In-Su Kim', Moon-Kyu Lee™

ABSTRACT

Electron gun heaters are used to heat a cathode in video(TV) monitors. Major defects of the electron gun heaters
include dimensional inaccuracy and pollution with dirty materials. In this paper, to save the labor and time being
taken to inspect the heaters, a machine vision system is considered. For the system, a new algorithm is developed
to measure the 9 different dimensions of each heater and to detect polluted defects.

The algorithm consists of three stages. In the first stage, the center of the heater image is obtained and then its
boundary detection is performed. For the efficient boundary detection, a mask called the sum mask is used. In the
second stage of the algorithm, a set of fiducial points are determined on the boundary image. Finally, using the
fiducial points specified dimensions are measured and the amount of polluted area is computed in the third stage.
The performance of the algorithm is evaluated for a set of real specimens. The results indicate that measurements
obtained by the algorithm satisfy the tolerance limits for most of the dimensions and the algorithm detects the

polluted defects successfully.

Key Words : Electron Gun Heater(d A} 3] E]), Machine Vision(?]41¥]#), Boundary Detection(£3 F&),
Dimension Measurement(X] = 7).,
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Table 1 Specifications for the electron gun heater

Fig. 2 Dimensions to be measured

(29 mm)
Item Specification Item Specification Item Specification
@ up to 1.35 @ 63 ~ 83 @ up to 0.5
Dimensions @ 19 ~ 25 ® 96 ~ 10.6 0360 ~ 0410
® 1.00 ~ 145 ® 09 ~ 23 ©) 121 ~ 137
| Appearances szggen None RBelgaic(])(n None Crack None
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Fig. 3 Schematic configuration of the inspection system

Table 2 Specifications of the equipments used in the system

No. Item Specification

1 CCD B/W Camera SAMSUNG BW-2301(512 X 492 Pixels)
2 Lens Zoom Lens(X6), Extension Ring(10mm)
3 Frame Grabber B/W CI-512 Board(Resolution: 512 <512)
4 Liting Device Light Source(ELI-100M2), Ring Light
5 Controller IBM-PC 586(166Mk)
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Table 3 Inspection results for 4 specimens
(unit: mm)
No. 2 3 4
Rotating degree 193.9° 212.0° 224.9° 243.9° Specification
Inspection item Estimate [Observed| Estimate |Observed| Estimate | Observed] Estimate |Observed
1 1.180 1.160 1.216 1.200 1.234 1.165 1.236 1.185 up to 1.35
2 2188 | 2.150 1.973 1.950 | 2.101 2070 | 2233 2.190 19 ~ 25
3 1.043 1.100 1.207 1.280 1.249 1.260 1.266 1.255 | 1.00 ~ 1.45
4 8.783 8.750 8.787 8.750 8.921 8.800 | 9.168 9.140 63 ~ 83
5 9.930 9965 | 10.012 | 10.015 | 10.183 | 10.250 | 10.146 | 10.100 | 9.6 ~ 106
6 1.238 1.170 1.102 1.180 1.606 1.620 1.531 1.585 09 ~ 23
7 0429 | 0350 | 0.048 | 0.030 | 0.071 0140 | 0.115 0.080 up to 0.5
8 0.362 0.400 | 0.363 0.385 0370 | 0.385 0389 | 0390 |0.360 ~ 0410
9 12.761 | 12,770 | 12.991 | 12.980 | 13.019 | 12.980 | 13.086 | 13.080 | 12.1 ~ 13.7
(?}iiréegeg::) none none none none none none none none none
Decdgs;émctsfor defective | defective] defective | defective | defective | defective | defective | defective -
Result defective
inspection item 4 4 4 4 4 4 4 4 -
Table 4 Summary of the experimental results
_]/v}verage lfxbsolute
ren n . .
Insepction Item P Eesteimcaete :;vzlie?tns : Corr%ctness Specification
Corresponding Observed (%) (mm)
Value (mm)
1 0.032 100 up to 1.35
2 0.032 100 1.9 ~ 2.5
3 0.038 100 1.00 ~ 1.45
4 0.033 100 6.3 ~ 8.3
5 0.041 100 9.6 ~ 10.6
6 0.039 100 09 ~ 23
7 0.035 100 up to 0.5
8 0.035 50 0.360 ~ 0.410
9 0.044 100 12.1 ~ 13.7
Polluted area (white region) - 100 none
Decision for defects - 100 -
Inspection Capability for
Objects with Different - 100 -
Rotating Degrees
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