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Camera Modeling and Calibration
for Kinematic Calibration of a SCARA Robot
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Abstract A2 a5 AbgstE, AlZAMEE dRiH e
2F Z¥W CCD camera® AME3IA T F QA
This paper presents a new approach to the we} color, HAM, X-ray, o34 9 MAE
calibration of a SCARA robot orientation with »71% st} dlolg] QAR = keyboard, mouse,
a camera modeling that accounts for major tack ball S92 vision systeme 71%5& #|ojs}
sources of camera distortion, namely, radial, w  display monitors GAHH 2 H/F) JHH
decentering, and thin prism distortion. Radial gole, Mg d3 So] TAACH vision system
distortion causes an inward or outward E= 7Ea AZAMzEE fxg 94
displacement of a given image point from its dn AR FAGE ALHSE gyuz 31—‘11
ideal location. Actual optical systems are GAFAR AZGHA XYL Faete
subject to various degrees of decentering, that gaxels Z=wAolz]7] 2 dolE JOEL zﬂ
is, the optical centers of lens elements are not olahe /O interface®, 123 A28 Ao} 5
strictly collinear. Thin prism distortion arises oz TAHG. olds THLASZ olZoln
from imperfection in lens design and WA Alsdo] AJBANH ATHoT HEs
manufacturing as well as camera assembly. It ] S E e e QASS wEgol @
is our purpose to develop the vision system 01 mad  EREEIL A B Ero
for the pattern recognition and the automatic 9 2 olojof g, 2) DALY : ALAT 9

test of parts and to apply the line of
manufacturing.
Keywords Camera calibration, Pattern
recognition, robot vision, Geometric distortion
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Fig. 1 Radial and tangential distortion
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Fig. 2 Effect of radial distortion
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2.2 Decentering Distortion
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Sua 213w + 08 + 2puv + O (u, 0)*]

S.a = 2puv+ po(2® + 30°) + O (w, )*]

A7VM, p = —jising,, p = j cosg,
2.3 Thin Prism Distortion
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Sup = si(u® + ¥)+0[(u, v)']
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8, = s;(2% + ¥)+ 00 (%, v)*]
s, = —1;8ing;, S; = —1;C0SQ
2.4 Total Distortion
99l distortiono] Z5F £A4T w), FaE3
distortion® 27]ol #F3e FHES ?}Y}i]EE
MowdzgE 4 gtk 4 (2), (3) 8 4E
A%sE AL 49 oEE WEE dlstomon«1 A
AqBe AFgo 33 o) nAFES FAE
oz e Uy 2L F A4S deth
8.l v) = s;(a+ %) + 3pul + po?
+ 2pyuv + kyu(u+v°)
(5)
8,(u,v) = s(u+0*) + 2puv
+p2u2+3pgvz+klv(u2+v2)
g = s1 + b, & = Sy T b2, g3 = 201,
gy =2pE Foom2A 2 (99 FTHLS o
3} ol Hr},
614(74, U) = (gl+g3)u2+g4uv
+ g v* + kiu (i + v°)
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S, (u, v) = gu+ giuv+

(gy + &) v* + kv (i + )
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u+ 6,(u,v) = (r— nry)/s,
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v+ 6,(u,v) = (c — ¢)/s,
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v = (C - C())/fv
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Fig. 3 Configuration of vision system
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