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A New Hand-eye Calibration Technique to Compensate for the Lens
Distortion Effect

Hoi Bum Chung*

ABSTRACT

In a robot/vision system, the vision sensor, typically a CCD array sensor, is mounted on the robot hand.
The problem of determining the relationship between the camera frame and the robot hand frame is refered to

as the hand-eye calibration. In the literature, various methods have been suggested to calibrate camera and for
sensor registration. Recently, one-step approach which combines camera calibration and sensor registration is

suggested by Horaud & Dornaika. In this approach, camera extrinsic parameters are not need to be determined

at all configurations of robot.

In this paper, by modifying the camera model and including the lens distortion effect in the perspective

transformation matrix, a new one-step approach is proposed in the hand-eye calibration.
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(b) new camera model

Fig. 1 The basic geometry of the camera
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(2A13) 448 E(image acquisition)
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(b) new hand-eye calibartion

Fig. 2 The transformation graph for the two
configurations of robot hand.
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Fig. 3 Radial lens distortion effect
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A hga gol s
X=Rot{[~1,0,017,12 °}, Trans{[0, —100,100} T}
A,=Rot{[0, —1,017,3.95 °}, Trans{[100,0,50] T}

A,=Rot{[—1,0,017,3.8 °}, Trans{[0, —100,50] 7}

Table 1 Camera's intrinsic and extrinsic parameters

intrinsic para.
foc = 25.426478(mm)
ki = 0.000432(1/mm?)

extrinsic para.

¢ =-20"°
S¢ = 1.011 6 =30°
N = 768 @ =-50°
Nex = 752 =0
dy = 8.6(;m) ty = 100(mm)
dy = 8.3(ym) t, = 1500(mm)

C, = 256(pixels)
C, = 256(pixels)
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Table 2 Converged values of the computer
simulation
z(1) 2(2) 2(3) 1 p() | D | p(D
ideal | -7.5461 | -7.1624 | 0.93582 {100.776 | -8.16418 | 1573.89
uncompen | 5032 | -7.1235 | 0.92420 | 100.554 | -10.6338 | 1574.60
-sated
COmPEN | 75613 | -7.1767 | 0.93580 |99.8303 | -8.01864 | 1573.75
-sated
Ay Z23E AEHRY F 7HA] F§ BT



A3y . AL FFIAA A9d Aig

A ulA e 2 FHE D QAY A=
EAE BA ZA45 o]AA-A ol o st
3 9tk Al wE v APESdE e ¥ s
Fig4ol Jedch w2 b59E of dz, dpg
z71ez oA ;e 5% AHEEIAE W
HB Al AatE 33 Aol 2l oj A ghol
THPon 5~63] AiA FBE FAXEH
=& 001) ol B A= aas BRI
Ao RAEA e BE ZFolAM fARE W
VERRZ YA A= SaaE BAS A
BAQ A7 AL g 73

=2

{®) Calibration Emor of 2(1)
& ¢
0 LI 2 4 L

-
-2
D B
]

2
Reration No.
{c) Cabraion Error of py(1)

Catibration Error

Caltseation Error

e

2 4
teration No,

(d) Calibration Efror of py(2)

200 . 200
@ ;
E 100 lg 100} *
2 ;
é 0 e e g o! v v
3 3
9 1100 » © -100}
; &
200 - - 2001 R
° z 6 ] 2 4 6§
Iteration No. Iteration No.

Fig. 4 Calibration errors of the rotation/transiation
vector when the initial values are 75% of
the ideal values
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Fig. 5 Calibration errors of the rotation/translation
vector when lens distortion coefficient and
frame coordinate of image center are 75%
of the ideal values
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Fig. 6 Calibration errors of the rotation/translation

vector when perspective transformation
matrix are 90% of the ideal values
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