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Position and Orientation Recognition for Adjusting Electronic Tuners

Yang, Jae-Ho", Kong, Young-June’, and Lee, Moon-Kyu™

ABSTRACT

This paper describes the development of a vision-aided position and orientation recognition system for
automatically adjusting electronic tuners which control the waveform by rotating variable resisters. The position
and orientation recognition system estimates the center and the angle of the tuner grooves so that the main
controller may correct the difference from the ideal position and thereby manipulate the variable resisters
automatically. In this paper. a robust algorithm is suggested. which estimates the center and the angle of the tuner
grooves fast and precisly from the source image with lighting variance and video noise. In the algorithm.
morphological filtering. 8-chain coding. and invariant moments are sequentially used to figure out image segments
concerned. The performance of the proposed system was evaluated using a set of real specimens. The results
indicate the system works well enough to be used practically in real manufacturing lines. If the system adopts a
high speed frame grabber which enables real time image processing, it can also be applied to positioning of robot
manipulators as well as automated PCB adjusters.
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Fig. 2.1 An electronic tuner with
5 parts to be adjusted.
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(a) Part A.

Fig. 2.3 Original image for the two parts concerned.
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Fig. 2.4 Part B being adjusted.
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Table 2.1 Specification of the frame

grabber used for the automatic
tuner adjustment system.

Video Inputs RS170, CCIR
Resolution 512 x 512

Frame Buffer 0.5MByte
Processor DSP(TMS320C40)
Program 1.5MByte

Memory

Text Overlay available
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Fig. 3.1 Procedure to estimate the center and the
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Fig. 3.2 Resuits of median filtering.
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(a) Part A

(b) Part B

Fig. 3.3 Results of binarization.

(c) Binarized part B.

(d) Result of opening to part B.

Fig. 3.4 Results of opening by 9x9 circle mask.
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(a) Part A

(b) Part B.

Fig. 3.5 Results of boundary following using chain code
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(a) Part A
Fig. 3.6 Results of deleting image segments which are not based on the distribution of invariant moments.
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Table. 3.2 Average and standard derivation of the invariant moments for the half-circle images.

invariant moment
. [ 2 U3
item
. average(X .) 0.04017 0.00205 0.00002
half-circl
upper hali-circle standard(o 1) 0.00478 | 0.00051 |  0.00003
] average(X 1) 0.03824 0.00182 0.00001
lower half-circle average(0 1) 0.00577 0.00049 0.00001
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Fig. 3.8 Final core images obtained by using
the similarity analysis.
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(a) Part A.

Fig. 3.9 The roughly estimated center line
and the boundary points of two
half-circles.
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Fig. 3.10 The estimated center points and groove lines.
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Table 4.1 Experimental results obtained from
real specimens.

wo| sar SR Apvel) | anaswen Nzl
SEANAFA ax | &Y lad I“M e ae | NTD
Ban [ 105 ] 94 | 3 | -6 671] 53 411,00 X
&M W2 b_!(l} 101 1 1 1.41 35 54 1.00 A
R #3] 99 161 -1 1 1.41] 55 4 1.0 -
RA 4] 100 [ B0 | 0 | -1 ] 1.00] %6 54 12 4
@450 92 | 106 | -€ | 6 1i0.00] 53 -1.00 .
qe6{ 101 {06 | 1 | -4 | 412 55 54 |-1.00 .
&\ 47 | 100 101 1 1 Al s3 ~1.0C X
8M4ef 101 105 1 [ 5 0] 53 M [-1.00 .
B w] 102 ] 106] 2 | 6 3259 4_15.00 X
10|ad 910f 92 | 95 | 5 I -5 [ 539F 54 | 54 [0 .
1] &slgt | 98 | 86 | 2 | 14 Jiad] 56 | 30 1-1.00 3
1 CETZE K& 109 Q2 9 X 27 30 1-5.00 .3
Ta] MR § e 10 |1 10 oo 28 1 30 I 4
1 LELT] 103 101 3 1 Al 30_j-1. ..
1 U 1?: 98 -3 -2 61} 30 30 190 r
Te] WAI#6 | 101 | 103 | 1 ) 830 | %0 J0.00 .
Hag7 P o7 P oo T -2 1 -1} 3161 21 1 X ¥
3] MW § 100 | 99 | 0 | -7 1 1.00] 29 | 30 I .
TMeg [ 103 | 108 | 3 | = | 361] 30 | 30 ]0.00 .
20| qaAmct o7 3 [ =2 6] 3z | a0 12 .
21  ma4#i T oo T o5 T -1 1 -5 V500 -4 1 -56 [2.00 I
22 wa#z 7071 108 3 8] =57 | -5 [-1.00 :
23 =as3 101 | 99 =) 41| 756 | -5 1000 X
J4| uaa | 102 | 98 2 {283l 5 | se 100 .
[os) =5 Pwol ov | ¢ | 1 00f 55 | 56 [1.00 .
9g {97 | 2] -3 1 - 56 [ 0,00 X
% i EITH T3 N 24] 82 | 56 [-2.00 !
28] malag o7 | 96 [ -3 "4 g ~56_| -56 0.00 X
=al#g 796 | 2 | 47] -54 | 56 |2 ;
% wano] 162 | o1 f 24| -56 | -58 10.00 .
[t Walih | 100 | 04 —6 | 6.00] 33 | 36 [-3.00 .
[32] 1 104 4 4 36 1200 .
33] A4 [ 100 | 96 =] 37 [ 36 [1.06 | 1.
[Se Waa 101 | 95 =5 | 5a0l 36 | % [0.00 | 1.
[35] 102 < 35 -100 L7
36] Waeg | 100 | 102 F] 38 | 36 |2 1,
i Wde7 | 97 | 161 | -3 [ 1 168 36 36_10.00 1.8
!gg 100 88 9 -2 X 1.
ﬁ wayo | 99 ] 101 | -1 1 A1 35 36 _|-1.00 1.
[acTeascl i [ o7 | 1 ] -3 ] atel 34 | 36 [-200( 1.
Table 4.2 Summary of the experiment.
Error E"“’" o
pixel mm rotation|{ Procei
o degree | ssing
aX | AY el AX LAY halg0() Gsec)
+ - + - + - + - + -
average | 1.26[-1.89 2.63 | -3.5/3.84|0.05|-0.0710.10[-0.130.14} 1.22}-1.4 2.28
31-8] 9 [-1a]141]0.111-02d033]-050052| 5 | -3 28
0{0 0 0{10;f0({0) 0] 01004 0} 0] 16
standard
deviation 0.96( 1.94 2.36 {2.52} 2.7 {0.04{0.0710.09/0.11 {0.10{ 1.26 ()ﬂ 037
mxcl size|
gnx— x : 0.0367, y : 0.0364
eI
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