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Correction of Position Error Using Modified Hough Transformation

For Inspection System with Low Precision X-Y Robot
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Abstract :

The important factors that cause position error in X-Y robot are inertial force, frictions and spring distortion in screw

or coupling. We have to estimate these factors precisely to correct position errors, Which is very difficult. In this paper, we makes
systems to inspect metal stencil which is used to print solder paste on pads of SMD of PCB with low precision X-Y robot and
vision system. To correct position error that is caused by low precision X-Y robot, we defines position error vector that is formed
with position of objects that exist in reference and camera image. We apply MHT(Modified Hough Transformatioa) for the aim
of determining the dominant position error vector. We modify reference image using extracted dominant position error vector and
obtain reference image that is the same with camera image. Effectiveness and performance of this method are verified by simulation

and experiment.
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Fig. 1. Example of a Metal Stencil.
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Table 1. Simulation Result of Position Error Using a Proposed Algorithm,

(b)Imagell 25 00 8 0 7.996380 0.000000 8 0
(0)Imagel2 25| 25 8 -8 11.308589 -0.785398 8 8
(d)Imagel3 00| 25 0 8 7.996380 -1.570796 0 -8
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(i)Imagel8 25| 25 8 8 11.308589 0.785398 8 8

]o

o[mAIE Aztste] RAHHS FREHAUTE HAAE S ¥
3t ZlFZov|R= 19 a)d} 2o, xS yE= Wsko 2 25
mm o]FAIZ] Blao|w| A& Atk ojux]e] A=
7(AODE= 60 X 60mmo)1, omjA Y =7|E 192 X 192
ol W} LPP (Length Per Pixel)e (3)ol <la)
0.3125mmeol1, ©)§A1Z] 25mm= 8 FAo) sgdsict

i

Actual Size of AOI

LPP = The Nmber of Hzel of Image 3

w1} kel wiselrl Aol ejsh Aieke e
et FASAE AN Ao B 15 AR
A e Raed AN dneigel
g AR sk Has

']Q_i

é

7} FARE @

FeLw
H yo =
o T

ﬁt{
1
il
po) g\l rlr

A AE BAEy] A Fo] £ ojujx|e]
A7) sl At A 43 (Correlation  Coefficient) 2
olth. AHAFE (el <la] FeJHrh21].

A

X
e
ro

XA e, ) — AL, ») — f)]

Y 21 @)
(A~ 12 ZUf ) — £

(a) Extracted Posmon Error Vector

Hough Space

Accumulation
&

50
Magenitude

(b) Hough Space

O% 7. 559 91X 2AHE 9} Hough 27t
Fig. 7. Extracted Position Error Vector and Hough Space.



778

@A & AR, f(z, 9)% f(z, 9)E 242 71

olmAls} wmolwlA, £ fE 2z olmAe HE A=
(Average Intensity)o]th. APAFE 01 1A}o]9] Zh& 714
B 2w % olplAle] YA} ¥ AL ulshel, om
A7} e Ae U@

32004 @ F ROl Foelm|A|l EAshs fA|Ab
7h Bgs) AxtElo] A AP" Z)Eolv A7} Blao|u ]}

e YAES BYS ¢ 5 Ut

X2 A
Table 2. Correlation Coefficient.
FaAs| AHeT

Fholl g} o] miA HAl o : A 5
Imagell 0.754646 1 000000
Imagel2 0.609509 0.999748
Imagel3 0.744193 0.999748
Imagel4 0.611305 0.999432
Imagel5 0.755027 0.999708
Imagel6 0.609942 0.999432
Imagel7 0.744668 0.999748
Imagel8 0.610851 0.999748

2. QAIAE M
A/ AlzaEe] Qe 1 37 Zoh 9 239 CCD Ft
HZE A8slng ALY 9 AOIArea Of Interest)Z Al
gk AOIY] Z7)e sid=el o] 28 99 A5yl ¢
g} A4k
GXf=¢gxB (5)

)] G AOIL, fi= Focal Length, g &= Working
Distance, B CCD Sensor Sizeo|T}.

E 3 FAAAEEY A
Table 3. Components of Inspection System.

CCD Camera | Monochrome, 1300><1030, 2EA

Vision Lens 35mm

System Grabber Metrox Meteor [I-MC

Mlumination | Back-Light Fluorescent Light

XY Motor Mitsubishi AC Servo Motor

Robot] Controller ADLINK PCI-8132(2%)

g U f
Focal
Object Lens Point

12 9. Camera, Lens®} Object?] A&.7A.
Fig. 9. Relationship between Camera, Lens and Object.

Mot - K=t - AMAESE ==X H 9 2 Al 10= 2003. 10

fod Ll

(a)Inspection System (b)Inspection Program GUI

o 10, " 2EA PAF Al2sle) FAF 2273 GUL
Fig. 10. Metal Stencil Inspection System and its Graphic
User Interface.

B oA FAE AzEe] AOIE 2.5 X 2.0mmo]
I, FAEE 19.5 X 19.5umo|th XY 2XoA dhiEs
X 92 A¥AF Ho + 1.0mmo|th

9 102 wg 2R GAF Alzgolm, 1| 10(h)2
ZAA T2 GUIE AR &8 =4, o2 &2 W
Moz FAAT)

oL

T8 118 B AlagelA 54 FArE Gl e 432
Folt}y, I 1@ HXex BAA Fivelolu]R e} 7]
Folnjx]e] XL AE Holm ow, 1 11(h)e At

9 R ear AL o8 AL 7IEevAg 7t
vglo] 9] AolE Heln Yot 2y 11(c)S Hough I3
oz gxapE e FANHE UERITE XF2 fXQ
e 9] Zhe, Y& X abE e 7], 252 A
=grolnk Aoty dare)Eel o8] MdHE X AHEE
46.33 £2.57 o|i, AXE 9o BRAPL X Hpgko g
399 A(760.5um), Y& Weko g 2594(487.5 um)olch
AAAFE Y9 BA A 0075004 BAH & 09452
AENSS & 5 A3, 2 1b)AXE 1T 5 9
t}. Hough W3S ARg3h=t] glo} wde shtel A}
Aol Ak £ g BA= 1007) ode] Exjst
2 AgkrZe] geo] a8¥ ok euvh XY ZRAAM 24
HE gxexks dgEo] glonz AFouAe 5 &
o] 9XE F4o= v oF 2mm(10084) o] el Ea)st
T wFoe] 70% o) YX|shs Fhuletoln| A9 &l tial
Aut GBS FATORN AL EY 3
=3

I 2% Mg 2d0d AZe di§)] A7ke] HARES
M) fxea BA AEDTG BA H(ENY daAF
olty. IdollM HEo] AAE R BHA dae]Fd
o8 YAt FHHNSS & & Aom, Az By
& & 45t 2tk 29 129 @ B)elA ro] okF e B
22 o2}t EAste Btk

o;:lﬂo&i



Journal of Control, Automation, and Systems Engineering, Vol. 9, No. 10, October, 2003

Fig.

(a) Before Error Correction

(b) After Error Correction

Hough Space

- - o )
o o o o

Accumulation

o

[N=}

Magnitude
(c) Hough Space

11. AotE dmF=o] 9%t YAoat A4 & BA
ELEE
11. Experimental Result using a Proposed Algorithm.

o o o
(&, ] [s7] ~
;

o
=
-7

Correlation Coefficient

e
3]

! Datted Line : Befare Error Correction |
Solid Line: After Error Carrection

=
[X]

10 20 30 40 50 B0 70 80 90
Inspection Block

(a) Correlation Coefficient of Sample 1
1292 208 Y FBAS

=1

12.  Correlation Coefficient of Metal Stencil Samples.

779
x4 SBASY B
Table 4. Average of Correlation Coefficient
Sample 1 ) Sample 2
Before Error Correction 0.686 0.753
After Error Correction 0.952 0.949
V. 74%

P ERdNE A4 XY 283} vHA2Ye olgst
o] PCBY] SMD sj=od] & T ¥3led AEEE g &
Eﬂ/ke_% 7,j/\}o]-7] _',]5} }\]/\Eé} :[Lzﬂo],_ﬂ, 74}\}._.i0§_ o]

A e AXAE ALt BAshs daEls
Al ket

HArg ] FIEelm| |9} hetolu] Ao EAfele g
Lol Eoll tigk 912, 27) ARE A E T §
58 F AAAEHE Hofstn, W¥E Hough WEHS
olgslel M W HEsE /e HRAMEE A
stal, AAAE ALtste] ZiEelv|AE AT e
PCB A% A AREHE 71 3l o] 88l 71Eolu]A]

2 Y9t ALY BB A oY AN 2
A ARe] Agstel BRAE PRk

PIANE o1BHel NHeAT FEAT WATOZA
1Sl e BT NS S ol B, o
SOl ek AEE s 2ol Fort Bes o

jincs

M

on, o]g o83 BEXe Aojgags da gtk =g
zzke] At ol tieiA f1x| ezt sk ®BAge] $aF
2z 2y d:H AME A 9X=4S 908 Dead-
Reckoning &ita]Ze] whyel ozl A3t vz o
3kA] Atk webA A eat HAS 93 dxElEe] ¢

oA, A=y A A A XY 2R ARge] JbE
Fozm Axg Az as g 5= ok =3 A

W oatdg o83 YlEoln| o] A& PCBRE HA)
Azwo) A8 58,

Ang
[1] W Li, M. Rehani, "Modeling and control of a belt-
12 -

o o
o =]
e

=]
=

[=]
e T e

Correlation Coefficient
o
.}

Datted Line : Befare Errar Correction
Solid Line : After  Error Correction

20 40 50 80 100 120 140 160 180
Inspection Block

(b) Correlation Coefficient of Sample 2

=
o



780

drive positioning table", Proceedings of the 1996 IEEE
IECON 22nd  International Conference on Industrial
electronics, Control, and Instrumentation, vol. 3, pp.
1884~1989, 1996.

[2] W. Li, X. Cheng, "Adaptive high-precision control of
positioning  tables-theory and  experiments”, IEEE
Transactions on Control Systems Technology, vol. 2, no.
3, pp. 265~270, 1994,

[31 Z. Zhao, L. Cai "On the improvement of tracking
performance of positioning tables", Proceedings of the
1996 IEEE IECON 22nd International Conference on
International Electronic, Control and Instrumentation, vol.
3, pp. 1990~1995, 1996.

[4] K Lim, J-W Seo, and C-H Choi, "Position control of
XY table "in CNC machining center with non-rigid
ballscrew",  Proceedings of the American  Control
Conference, pp. 1542~1546, 2000.

[5] G. Tao and P. V. Kokotovic, "Adaptive control of
systems  with  unknown output backlash", JEEE
Transaction on Automatic Control, vol. 40, no. 2, pp.
326~330, 1995

[6] K T. Woo, L. X. Wang, F. L. Lewis and Z. X. Li, "A
fuzzy system compensator for backlash", Proceedings of
the 1998 IEEE International Conference on Robotics &
Automation, pp. 181~186, 1998.

[7] M. Grundelius and D. angeli, "Adaptive control of
systems with backlash acting on the input", Proceedings
of the 35th Conference on Decision and Control, pp.
4689~4694, 1996

(81 T. Jukic and K Pericc, "Model based backlash
compensation”, Proceedings of the American Control
Conference, pp. 775~780, 2001.

[9] S.-J. Huang and M-T. Yan, "The adaptive control for a
retrofit traditional milling machine”, IEEE Transactions on
Industry Application, vol. 32, no. 4, pp. 802~809, 1996.

[10] A. Hace, K. Jezenik, B. Curk and M Terbuc, "Robust
motion control of XY table for laser cutting machine”,
Proceedings of the 24th Annual Conference of the IEEE
Industrial Electronics Society, vol. 2, pp. 1097~1102, 1998.

o - Xs3t - AIARIESE ==X Jl 9 2 M 10= 2003. 10

[11]H-C. Liu and M. D. Srinath, "Partial shape
classification using contour matching in distance
transformation", IEEE Transaction on Pattern Analysis
and Machine Intelligence, vol. 12, no. 11, pp. 1072~1079,
1990.

[12]M.-H. Han, D. Jang and J. Forster, "Inspection of 2-D
objects using pattern matching method", Pattern
Recognition, vol. 22, no. 5, pp. 567~574, 1989.

[13] Zhang, G. Jing, M. Hu, R chen, Zhaoyang, "A new
image matching method based on principal component
analysis", Proceedings of SPIE, vol. 4222, pp. 337~340,
2000.

[141H. K. Chung and R. H Park, "Detection of orientation
and position of the SMD and PCB", Jownal of The
KITE, vol. 31-B, no. 3, pp. 281~291, 1994.

[15]B.-I. You, Y. S. Oh and Z. N. Bien, "A vision system
for an automatic assembly machine of electronic
comppnents”, IEEE Trans. on Industrial Electronics, vol.
37, no. 5, pp. 349~357, October, 1990.

[16]L. Locchi, D. Mastrantuono, D Nardi, "A probablistic
approach to hough localization", Proceedings of the 2001
IEEE  Interantional ~ Conference on  Robotics  and
Automation, pp. 4250~4255, May, 2001.

[171D.-M.  Tsai, "An

transform for the recognition overlapping objects", Image

improved  generalized  hough
and Vision computing, vol. 15, pp. 877~888, 1997.

[18}E. R. Davies, MA, DPhil, CPhys, FInstP, "Application of
the generalized hough transform to comer detection”, /EE
Proceedings Computer and Digital Technigues, vol. 135,
PtE, no.l, pp. 49~54, 1988.

[19]1E. P. da Ssilva, A. gongaga, "Finding the position and
area of an object in a visual inspection system", Znd
Workshop on Cybernetic Vision, pp. 93~98, 1997.

[20}W. Wen and A. Lozzi, "Recognition and inspection
of manufactured parts using line moments of their
boundaries", Pattern Recognition, vol. 26, no. 10, pp.
1461~ 1471, 1993.

[21]R. Jain and R. Kasturi and B. G. Schunck, Machine
Vision, McCGRAW-HILL, pp. 295~297, 1995.



Journal of Control, Automation, and Systems Engineering, Vol. 9, No. 10, October, 2003

z g =

196933 7€ 794, 1996 73Ty
AAEeH A, Fugd
2AH1998). FuiEe  ERAlER(E
A, BAEok= B4 o] Z, Machine
Vision, mlo]aZZZ A 24 T

Fols 2

i3s3

1945 29 744 1971 A2
27 2AEAD. AAd A7E
g3 AAR1975) 2 ¥FAK1979).
1980 d~AA A ustn w. @A)
Alo] - A58} - Al 2dl F3ls] B3

%

781

o & 8

-
gl

19561 29 1094, 1981 A7
W AABHE EYEHD. =
RWTH Aachen(o}dl 3 o)) A%
2 SEAK1986). HAH1991) @ up
(1995). 1998~A ) Bjsn w

A
T

e



