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Router Features Measurement by using Machine Vision Method

Student: Ku-Ming Hsu Advisor: Dr. Ja-Chen Lin
Dr. Der-Baau Perng

Institute of Multimedia Engineering

National Chiao Tung University

ABSTRACT

The microrouter is an important tool used to-cut a printed circuit boards (PCB).
The microrouter manufacture products-a variety of microrouters to fulfill distinct
customer’s requirements. The traditional way to control the quality of microrouter
depends on human inspectors. As the diameter-of the microrouter gets smaller, it is
more difficult for human inspectors to examine the microrouter’s quality.

In this thesis, we proposed an auto-optical measurement system by using
machine vision method. We designed and applied digital image processing to capture
the feature points on microrouter fishtail and then calculate the characteristics of the
microrouter including right hook deep (RHD), the rake and the gap. Experimentation
results revealed that the developed measurement system can objectively and
effectively measures the characteristics of microrouter in different sizes and different
types. In addition, the system can avoid measurement error caused by the human
inspectors due to long-term working. The accurate and robust assistant remind
producer to immediately fine-tune the processing machine if the results of the

measurement deviate from the designed specifications.

K eywor ds: microrouter, fishtail, digital image processing, machine vision
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i i Actual Experimental i .
Sample No. | Orientation | | Difference(mm)| Variance
size(mm) data(mm)

#1 0.162 0
#2 0.162 0

1 #3 0.162 0.162 0 3x107
#4 0.161 0.001
#5 0.161 0.001
#1 0.162 -0.002
#2 0.162 -0.002

2 #3 0.160 0.162 -0.002 0
#4 0.162 -0.002
#5 0.162 -0.002
#1 0.147 0
#2 0.147 0

3 #3 0.147 0.147 0 0
#4 0.147 0
#5 0:147 0
#1 0.148 -0.001
#2 01147 0

4 #3 0.147 0:148 -0.001 2x107
#4 0.148 -0.001
#5 0.148 -0.001
#1 0.147 0
#2 0.146 0.001

5 #3 0.147 0.147 0 2x107
#4 0.147 0
#5 0.147 0
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% 42 #%4 417 47 Sample No3#2 £ 7 2.+ 7 EiFiE
7

77 Mk 1 2 3 4 5 6 Average
+ 7 AiF(mm) | 0.148 | 0.148 | 0.147 | 0.147 | 0.146 | 0.146 | 0.147 | 0.147

B 4.5 427 Sample No.3(Orientation #2) & k& =4 & 825 % £ 7 7 2 ¥ ¥n%h
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%435 % £ FHEPESE

Sample No. | Orientation | Actual size(") Exp;:;:(lgntal Difference(’) | Variance
#1 7.44 1.56
#2 13.26 -4.26
1 #3 9 5.62 3.38 8.54148
#4 9.7 -0.7
#5 10.45 -1.45
#1 9.32 -0.32
#2 7.46 0.54
2 #3 8~9 9.27 -0.27 0.79097
#4 8.33 0
#5 9.61 -0.61
#1 9.27 -0.27
#2 8.9 0.1
3 #3 9 9.55 -0.55 0.11887
#4 8.66 0.34
#5 9.21 -0.21
#1 8.81 -0.81
#2 7.33 0.67
4 #3 8 8:42 -0.42 0.32628
#4 7.85 0.15
#5 7.87 0.13
#1 8.81 -0.81
#2 8.05 -0.05
5 #3 8 8.03 -0.03 0.29973
#4 7.34 0.66
#5 8.44 -0.44
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244 FHFHRTPIESE

Sample ] ) Actual Experimental | . )
Orientation . Difference(mm)| Variance
No. size(mm) data(mm)

#1 0.066 0.001
#2 0.067 0

1 #3 0.067 0.067 0 2x107
#4 0.067 0
#5 0.067 0
#1 0.064 0
#2 0.065 -0.001

2 #3 0.064 0.063 0.001 5%x107
#4 0.064 0
#5 0.064 0
#1 0.062 0
#2 0.065 -0.003

3 #3 0.062 0.065 -0.003 1.7x107°
#4 0.063 -0.001
#5 0.064 -0.002

R R E O U

V=3 %-‘k:}%’% L3RRI R L haSumpE RN o A o

2 487 %}:ﬁ{m&/FJJ Ko BHERNERAFAE T 2 13um > BR- 4R AR
B A2 fdip > P A b A ] 2 g7 A5

A3 E R R %

AEAIE 3L S g sty L0 RRE TR £ R0 2 ’#3#;&*7 CR A
ERAL I ARt o Bl AHY R LA ﬁ#“r#??w AR B o &
FRRIR SR AL ARG ARV AR T Y ,i,;pc_ti’ AR
PIEET - 2 R TRER AR 7 BRED Y AR RSN
A ASHELATY FREF LB RRIESRTLRA LA BEETL 406
23487 o

ﬂ?ﬁ

&.

44



2 A58 REHFIZ LB 7N TR R et v EFE R E(HE = mm)

e >
. 1 2 3 4 5 6 7
o
#1 0.148 | 0.147 | 0.147 | 0.148 | 0.147 | 0.148 | 0.146
#2 0.148 | 0.147 | 0.146 | 0.148 | 0.148 | 0.147 | 0.146
#3 0.148 | 0.146 | 0.147 | 0.148 | 0.148 | 0.148 | 0.146
#4 0.147 | 0.146 | 0.148 | 0.147 | 0.148 | 0.146 | 0.147
#5 0.148 | 0.146 | 0.146 | 0.148 | 0.148 | 0.148 | 0.145
#6 0.149 | 0.146 | 0.147 | 0.148 | 0.148 | 0.147 | 0.146
#7 0.147 | 0.147 | 0.148 | 0.148 | 0.147 | 0.146 | 0.146

34647 BHEHEILB7 7 AR 2t AR SE2 %R R
7 Bk 1 2 3 4 5 6 7
Variance | 4.7x107 | 2.8x107 | 6.6x107 | 1.4x107 [2.3x107(8.1x1077| 3.3x10”’

2 AT 87 R EHHLI2Z LB VTR awm B A Pl E(HE )

3
) 1 2 3 4 5 6 7
o,
#1 8.19 | =6.7 8.65 8.08 8.55 9.09 8.32
#2 9.56 | 6.06 | 778 9.41 7.78 7.92 8.19
#3 824 | 631 9.68 8.38 8.59 8.77 8.16
#4 8.16 | 6.87 | 813 8.03 8.1 8.38 8.18
#5 795 | 734 | 9.1 8.44 8.47 7.9 8.53
#6 8.05 7 7.09 8.53 8.98 8.05 8.73
#7 8.65 | 6.14 | 9.19 8.22 8.7 9.13 9.04
24887 KEHEILB7 I ARSI R A FHRELZHEE
77 e 2 3 4 5 6 7

Variance | 0.3100 | 0.2285 | 0.8154 | 0.2164 | 0.1575 | 0.2869 | 0.1124
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4t 7 Sample No.l1 & 7 7

YO Y

> A4
T

7 & FE(H =:mm)

77 YL
. > 1 2 3 4 5 6 7 Average
Orientation.
#1 0.163 | 0.163 | 0.162 | 0.162 | 0.163 | 0.158 | 0.163 | 0.162
#2 0.164 | 0.161 | 0.162 | 0.162 | 0.163 | 0.16 | 0.162 | 0.162
#3 0.163 | 0.164 | 0.162 | 0.16 | 0.162 | 0.162 | 0.161 | 0.162
#4 0.163 | 0.163 | 0.157 | 0.16 | 0.162 | 0.163 | 0.159 | 0.161
#5 0.16 | 0.163 | 0.163 | 0.159 | 0.161 | 0.162 | 0.163 | 0.161
47 SampleNo.l 27 7 2= % & E(H =)
79 g i
Orientation: 1 2 3 4 5 6 7 Maximum
#l1 2.81 | 392 | -9.14 | 4.08 | 744 | 4.12 | 7.36 7.44
#2 13.26 | 1.1 |-4.1224,,7.72 | 1.85 | 5.85 | 9.17 13.26
#3 3.65 | 5.19 [--4.05 | -545{-5.62 | 482 | 1.57 5.62
#4 9.7 | 7.25°] -0.55 4 5.04.| 7.61 | 2.42 | 3.59 9.7
#5 0.95 | 8.69 834 |.=2.68 | -6:35 | 10.45| 7.11 10.45
&7 SampleNo.2 & 7 7 2+ a7 B (2 = mm)
77 S
) ) 1 2 3 4 5 6 7 Average
Orientation.
#1 0.162 | 0.162 | 0.161 | 0.163 | 0.161 | 0.162 | 0.161 | 0.162
#2 0.162 | 0.162 | 0.161 | 0.163 | 0.161 | 0.163 | 0.161 | 0.162
#3 0.162 | 0.163 | 0.161 | 0.16 | 0.163 | 0.162 | 0.163 | 0.162
#4 0.161 | 0.162 | 0.162 | 0.162 | 0.163 | 0.161 | 0.163 | 0.162
#5 0.165] 0.161 | 0.162 | 0.16 | 0.161 | 0.163 | 0.161 | 0.162
#7 SampleNo.2 &7 7 2= % & @& (H =:")
79 i
Orientation: 1 2 3 4 5 6 7 Maximum
#1 7.19 | 7.14 | 8.62 | 932 | 872 | 7.57 | 7.49 9.32
#2 6.63 | 739 | 6.72 | 7.46 | 5.66 | 6.56 | 6.9 7.46
#3 7.62 | 7.23 | 7.14 | 6.62 | 10.01 7 11.32 11.32
#4 7.6 | 7.76 | 7.24 | 8.29 | 833 8.3 7.63 8.33
#5 872 | 6.97 7 7.3 8.59 | 7.58 | 9.61 9.61
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47 SampleNo.3 & 7 7 2.+ 7 A7 E(H :mm)

77 YL
. > 1 2 3 4 5 6 7 Average
Orientation.
#1 0.148 | 0.148 | 0.147 | 0.148 | 0.146 | 0.147 | 0.148 | 0.147
#2 0.148 | 0.148 | 0.147 | 0.146 | 0.148 | 0.146 | 0.147 | 0.147
#3 0.148 | 0.148 | 0.147 | 0.148 | 0.147 | 0.149 | 0.147 | 0.147
#4 0.148 | 0.149 | 0.148 | 0.148 | 0.146 | 0.148 | 0.146 | 0.147
#5 0.147 | 0.147 | 0.148 | 0.148 | 0.147 | 0.146 | 0.148 | 0.147
47 SampleNo.3 27 7 2w % & E(H )
79 g i
Orientation: 1 2 3 4 5 6 7 Maximum
#l1 742 | 813 | 847 | 7.62 | 8.05 | 9.27 | 7.62 9.27
#2 7.25 | 7.57 8.9 8.63 | 8.87 | 8.87 | 8.21 8.9
#3 9.55 | 844 | 821 | 7.15 | 835 | 7.13 | 7.62 9.55
#4 7.84 | 839 | 7.27,4:s295 | 8.66 | 7.75 | 8.11 8.66
#5 741 | 7.86 [~824 | 8.66 (+8.85 | 7.42 | 9.21 9.21
&7 Sample No.4 % 7 7 2+ % B (H 2 :mm)
77 Mg
) ) 1 2 3 4 5 6 7 Average
Orientation.
#1 0.149 | 0.148 | 0.148'10.148 | 0.148 | 0.147 | 0.148 | 0.148
#2 0.149 | 0.147 | 0.147 | 0.146 | 0.147 | 0.148 | 0.146 | 0.147
#3 0.149 | 0.149 | 0.148 | 0.147 | 0.148 | 0.148 | 0.147 | 0.148
#4 0.147 | 0.149 | 0.148 | 0.148 | 0.147 | 0.149 | 0.148 | 0.148
#5 0.148 | 0.149 | 0.148 | 0.148 | 0.147 | 0.149 | 0.147 | 0.148
47 SampleNo4 &7 v 2% ¥ & B(H ")
79 g i
Orientation: 1 2 3 4 5 6 7 Maximum
#1 7.66 | 7.17 | 6.73 | 853 | 7.55 | 8.81 | 8.09 8.81
#2 6.81 | 6.84 | 733 | 6.89 | 7.04 | 6.48 | 7.24 7.33
#3 725 | 794 | 842 | 7.85 | 7.02 | 7.52 | 7.67 8.42
#4 7.75 | 7.66 | 739 | 7.09 | 7.12 | 7.85 | 7.54 7.85
#5 734 | 775 | 7.57 | 7.87 | 778 | 7.72 | 7.72 7.87
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47 SampleNo.5 & 7 7 2.+ 7 A7 E(H :mm)

77 gL

Orientation: 1 2 3 4 5 6 7 Average
#1 0.146 | 0.148 | 0.148 | 0.147 | 0.145 | 0.148 | 0.147 | 0.147
#2 0.146 | 0.145 | 0.147 | 0.147 | 0.147 | 0.145 | 0.148 | 0.146
#3 0.146 | 0.146 | 0.148 | 0.146 | 0.147 | 0.146 | 0.148 | 0.147
#4 0.148 | 0.146 | 0.146 | 0.148 | 0.147 | 0.147 | 0.146 | 0.147
#5 0.145] 0.147 | 0.146 | 0.147 | 0.148 | 0.147 | 0.147 | 0.147

47 SampleNo.5 27 7 2w % & E(H =)
79 g i

Orientation: 1 2 3 4 5 6 7 Maximum
#l1 854 | 7.12 | 6.79 | 822 | 7.14 | 881 | 7.27 8.81
#2 748 | 7.09 | 7.35 | 8.05 | 7.81 | 7.45 | 7.33 8.05
#3 6.81 | 749 | 7.69 | 7.42 | 8.03 | 7.63 8 8.03
#4 7.08 | 6.9 7.34, 0204 | 6.87 | 7.21 | 7.02 7.34
#5 6.47 | 844 (751 | 7.05 {-.7.05 | 7.98 | 7.85 8.44
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