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A Study on Sean Tracking for Robotic Arc Welding
Using Snapshot Visual Data
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sie) 2 alajo] ol e Welsh Fxstu] S EFol ool Welz et golol
Qe ER oy BAA AEWHS Al SHMY AN 23] wRol
el 8RR & 8GR, SHLe ob4E, At FL FAYLS Nesio}
shi Bo| alth.

i1, ulz} oD clolEl: Bl SHA 33

g0 At 9l X (position) W 2|2 e] 8 & (travel speed, wire
feedrate, voltage, etc.)& S&3517] f1ste] Aol A WS aHl0lA
Bi= nje} o] cCD FhuetE Fsle] YEH LA F=e] o|njx|(snapshot vision
data)& B4 X el(image processing)}F & AX HIHUE F&Y F, oA
gAiAE W BHYZAo| Fol U= FAAY dlo]eHCAD database)} H]L,
A AIAAN Yot EHPRE FE3 WYlelch
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guitdo g ¥5Y e zy, Bale] M7, quantization 22 U3}
vle 2 (noise)olL} 7151812l g3 (distortion)o] XE3tx|o] rt. olef A2
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(filtering) T ¥ 3}(snoothing) & Foto] ol & Fagiek. atgol AAY

gelold @S 25 2L Ul Fog duE AU Zoe FHMol
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}

(graylevel)2] &A% xtol7b = 3o idolil, A 2hd A (image
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2.2 3|3 M ¥H(Hough Transform)

qlzbo] wHE Bale] ojulzli= A& whe} SLelolalme] B (graylevel

discontinuity)o| yle} &aljict, o) 24 e 49 SN oiE
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olnjx|ate] HME FZsH=z vl o] fF O B olnAEHE LY

(84

7151314 sle)e] 534 (geometric shape feature)d &3l 2Ysia A&

Bl

uhjojct, ol= point-to-curve 3o} Adzog c}23 ol Doyt 4
dTh(2§i2).

property 1 1 x-y Hulo]A] A2 9-d 7oA sinusoidal curveolt}.

property 2 : @-d @ZtolA] H x-yBwofa A adolr}.

property 3 : x-y H@old FAR Aol & FEE 9-d FelA
common pointd E-2}8}is sinusoidal curvefiol 3w}ch

property 4 1 O-d ZollA] FAR curveslol ¥ HEHES x-yHPHoA

common pointfF F2}3l= A Aol 3|Fyict,

2.3 A X HH(Modified Hough Transform)

Z1&e] S FHY ANAG &3] gl 0 2 do] 3 EoAE
Zojolgir}, & Ry 4(division number) K, L& E7}A Ao} sl=d], oA

Al A& (computing cost)?] Z71E Xelsto] AlA| 7 Alo](real time control)gl

239 ZS Agstrlole ol 3ol glrh Aab uj-ge] zAAE 93 &
Bola] Qg £AH L H I (Modified Hough Transform)& FURFE ol

g 2s)slo] &3 488815 accunulator array?] S| ANIINS WM gt
ZAAANE BAsH= Aol A BH2 AU accunulatoro] A *FHcount 7}
C}E gEch @48 geng AR EAE gatol 1A viete] Hrh

oldA zietdl HE AyntE A ZAIA regressiond FsPA FHY
)M alo] Aate] M}, F RN Aol 3182t MR quantizationo]
51 celloll 43t x-y#nlAde] 215 e] Z15H-% regession analysis$ §ote] FE

MG sk 2ozl obae] H vkl
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1) 2D acculmulation
for (Xi,Yi)
for (O 0,7, AQ)
for ( d=-L, L, AL)
d = Xi cos@ + Yi sin0Q
end
end
end
2) peak calculationo] 2|3t d, 8 AA
3) d, 0ol x| (Xi,Yi)e] grouping
4) grouping™ (Xi,Yi)o} th3) regressiong F3t HHI A Al Al

M accumulator cell?] #3 countd:i= MG sl RHEBoA 1a3E

olffEtl, o] MAF JFHIZE= QA X (threshold value)§ oG A ARt}

7t a7 Hok ER mAe) Zelst e 2% wAe] Aoby HuZRol
AsE Z97} WYL o|RE AR ojujale] ArAMo] WAL o] TARUS
sfepsts Ze xEao] slojolgict. olgizle] HE Mg EYY mE

ZAAE Ao 27 9% daEL thg3 )

no_edge := 0
min := allowed minimum point no, on shortest edge
max ‘= global Max(accumulator)

while max > min do
for cach pixel(x,y) on edge with max
Decrement Accumulator Cells along loci(x,y)
end
max ‘= global Max(accumulator)
no_cdge = no_edge + 1

end
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x| Ae] ARgie 2442 AN seguentd, Z segment Zo], ZA|segment
Aol (perimeter)5-2] Zl4to] 7HsslFc),  o]2}zt& A M9} o|u] CAD databaseo]
A AElo] oli= sisietaal dlejeist ula, wWiBAAAM Uske &7 YRE +F
stA

HjAS Bolo] Aol HRE /3 Fx4 7371]-':1'-% ol JAAEY
z}3ojct. o] A% £AEL oE HEAANE Asle AAE uje} ol s 3lof
gict. Z g EQ] end-effector7} AM-EFE 3lofgich oluf EREQ]

FAZAS AYRAE b FMS WA} wlo] S| FAo] HE A3b
¥lo] 3-83}l7|17t E7bs sl o] & 7|37 213 W22 TaylorZ} AU
Bound Deviation Method7} ¢li=t]l o]%= end-effectorZ} Z}ﬂu— ule} ojg] A2

o} wliolulx] oAl FH3) intermediate pointdF KZIsH= Uijolch

v, HrE Ad W

BoAlol o] 8%t At el AlAYE 1§13} o] FAIE|n AHEH Bule
* CCD camera  ..... PULNIX T™M-545
resolution 512 X 512, 8 bit plane
¥ image processor .... lmaging Tech. Series 100/151 image processor
¥ program library ... [ITEX 151 image processing function
& A}g-shel on IBM-PCoA] CAol & AL&-3lalct
5ol clAE olmx|e| AlAAIE etem Al Z7lst olulxle] A7le)

A A AN S (ealibeation factor) T Palofgivy, ojul] N.A 7]
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raw image

CCD image standard | . ouput
camera processor image IBM-PC
( 2313 Ffelu]d Alagle] 3z )

Grey-Level
50 100 150 200 250 '
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(calibration picce) WAL= ofn| 217]4: Qbw Qli= Apzpale] ApH & o] gspA

RAAS4L 4170 FalACE CD camerail S8t} LiRE o|ulx G A AY &
AF Zo)al Mol whE | A% HASHA 1349t en, ol EUR
BANE TER AL eve). ojeltd  Aaxdel WA E AP os
7}A] 3}  adaptive peak detection algorithm& A-8% Zzp 1363} 2ol
THHES ¢ + Adrh 73 338 s Ty, 43" HTEYY
Ag Az o, AT AL gou FYE Aoy w2 ozt HE ¢+
olth. g gaNae] Haae- 2o ol glAon, ¢ii g ARE F
BAe] 2pRolEZ ol & TA AlolF AMEFIE ZHES Aoj7t WAy
t] o]+ Bound Deviation “H S ol-&shad 41A 3fZeol SIcH(1y9).
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B =Rl AR Wyel AP £3E st st CAD uiolE}
wlo) 2o Exst7] wjBol iyt Hd BHo] BY REZHE F &P 8
ofulz} 7)€} &2 AW (travel speed, wire feedrate, voltage, etc.)k= F&o|
7Hssich. R Aol Aakg A FE FEAHAE ol &3] ulol A
AALg f7)1MeR A7, Fsie viNte] © 4 Alrh. £ STHIBMIT)E
gyt Azt 1Ee] 1= wYto) uls] A E Ao okt FIRE o]
AZol glalen], o]l A vigWnt oplyel Mrl wiE Aol Y=
SRR Yhehs fizHY s &L

100



(1]

(2}

(3]

f4]

[5]

(6]

(71

it
ks
Ha
o

Agapakis,J. E., et al, "Vision-Aided Robotic Welding : An Approach and
a Flexible Implementation”™, The International Journal of Robotics
Reasearch, Vol.9, No.5, pp 17-34, 1990,

Anand,S., Raman,S., Wysk,R.A., " Vision Assisted NC Milling Path
Generation ", Journal of Manufacturing Systems, Vol.7, No.3,

pp 233-240, 1990,

Asada,H. and Slotine,J.J. E., Robot Analysis and Control, John Wilcy

& SOns, 1986.

Brady,M.,et al, Robot Motioh * Planning and Control, The MIT Press,
1982,

Horn,B.K.P., Robot Vision, The MIT Press, 1987.

Nitzan,D., "Three-Dimensional Vision Structure for Robot Applications”
. IEEE Transactions on Pattern Analysis and Machine Intelligence,
Vol.10, No.3, pp 291-309, 1988.

¥ang,K. and Lien, T.K, "The Planning of A Straight Line Trajectory
via Interactive Computer Graphics ", Robotics & Computer Integrated

Manufacturing, Vol.5, No.2/3, pp 215-221, 1989,

101



