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Abstract

In this paper. a high-resolution algorithm for detecting the orientation and position of
the SMD and an algorithm for compensating the position and skew angle of the PCB are
proposed. The proposed algorithm for the first topic consists of two parts. Its first part is
a preprocessing step. in which corner points of the SMD are detected and they are
grouped. Then the coarse angle of the principal axis is obtained by line fitting. The
second part is a main processing step. in which the fuzzy Hough transform over the
limited range of angles is applied to the corner points to detect precisely the orientation of
the SMD. The position of the SMD is determined by using its four corner points. The
proposed algorithm for the second topic is the one which detects a rotation angle and
translation parameters of the PCB using a template matching method. The computer
simulation shows that the parameters obtained by proposed algorithms are more precise
than those by the several conventional methods considered. The proposed algorithms can
be applied to the fast and accurate automatic inspection systems.
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1. Flowchart of the proposed detection
algorithm of SMD orientation and
position.
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(a) Corner points.

(b) Line fitting by the least squares
method.

{c) Line fitting by the moment method.
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Fig. 8. Test Images.

(a) Test image 1. (b) Test image 2.
(c) Test image 3. (d) Test image 4.
(e) Test image 5. (f) Test image 6.
(g) Test image 7. (h) Test image 8.
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Fig. 9. Extracted corner points.

{a) Test image 1. (b) Test image 2.

(¢c) Test image 3. (d) Test image 4.

(e) Test image 5. (f) Test image 6.

(g) Test image 7. (h) Test image 8.
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Table 1. Line fitting results in preprocessing
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Table 2. Detection results of principal axis
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6 7

° 1 3 4 5 8
. i
XL 0738 | 5702 -5.264 | 7606 | 2912  -5.273 | -0.779 | ~3772
i oo 0098 | 5004 | -6056 | 7119 | -0953 | -5279 | -3.146 | -7.528
T et 1 1000 | 5750 | ~6:250 | 8000 | 3500 1 ~1250 | 1.250 | -4.125
LAy 1 1000 | 6000 | -6500 | 7725 | 3500 1 ~1260 | -1500 | -4.000
o | g | 001] 0190 | 5040|5780 | 7340 | 30301 1175 | 1010 | ~4030
L H iabg | o | 0124] 5040 | -5770 | 7340 | 3040 | ~1180 1 1.020 | -4.030
g } " T
h ig e 005 | 0125 | 5250 | 5750 | 7200 | 3100 1175, 1060 | -4025
LS M : S I T T D
! 001 | 0085 | 5030 | -5920 | 7150 | 3010 | ~1050: 1010 | ~4000
| pie-k \-g N - i - -t -
| 1 [y | 00| 000| 5100 | -5920 | 7140 | 3020 | -1060} 0980 | -4.000
| ‘ 006 | 0125 | 5200 | 5850 § 7350 | 3100 -1100 | 0980 | 4010
|
T T
’ 7N 4 00 | 50 |-60 J 70 30 | -10 ‘ 10 | -40

(¢)

(e)

()

(g)

a8 10 &% wEk

(a) ’E—l%‘é‘o 1 (b) }I‘—_]q: g}‘o

(c) A&
(e) A4

(g an

K
o
K

A}

[

2 #x

(h)

3 (d) dgd4t 4

25 () A¥dd 6
247 (h) AY34d 8

Fig. 10. Detected orientation and position.

(a) Test image 1.

(b) Test image 2.

(¢) Test image 3. (d) Test image 4.

(e) Test image 5.
(g) Test image 7.

(f) Test image 6.
(h) Test image 8.
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Table 3. Results of center point detection.
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Table 4. Comparison of computation time
(unit: sec.).
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Fig. 11. Test PCB images.

(a) Reference PCB image.

(b) Test PCB image 1.

) Test PCB image 2.

(d) Test PCB image 3.
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Table 5. Matching points with test and
reference images.
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Table 6. Results by least squares line
fitting (unit: degree).
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Table 7. Final compensation parameters.
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Fig. 12. Compensated PCB image based on
detected parameters.
(a) Test PCB image 1.
(b) Test PCUB image 2.
(c) Test PCB image 3.
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