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Abstract: When traditional Tsai two-stage technique is used to calibrate a camera, its calibration accu-
racy will be limited by first-order radial distortion model. Therefore, a camera imaging model consid-
ering both radial distortion and tangential distortion is proposed, and a new method to solve the model
is presented to improve the distortion correction accuracy. As the center of an image has a smaller dis-
tortion, the image center points are used to give a linear equation group and to calculate a part of pa-
rameters of the camera. Then camera parameters are taken into comprehensive distortion model to de-
rive the initial values of distortion coefficients. As focal length and matrix’s translation value can not
be calculated directly when the calibration board's depth variation is small, the values have to be retak-
en to model and to be calculated. Then the converged solution is approached by two-stage iterative
computation. Finally, the world coordinate system is converted by space geometric transform, per-
spective transform and imaging transform to obtain the pixel coordinate of the reprojective image. The
calibration error is obtained by calculating the mean difference between re-projection pixel coordinates

and actual measured pixel coordinates of each point. Experimental result indicates that the calibration
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method can offer the accuracy of 0. 1149 pixel, which is better than Tsai's 0. 3670 pixel with well re-

peatability.

Key words: camera calibration; tangential distortion; nonlinear distortion; distortion correction; Tsai

two-stage technique; iterative computation
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N 0.185 2 0.072 4

LU 0.274 8 0.092 7

Al 3 K [r) 0.259 0 0.070 1
N 0.287 9 0.086 1

E2UN 0.427 8 0.120 4

TR IR R R 2 0.367 0 0.114 9

4.3 Rz AMK

R TR B AR SO AR Y W AR S A orE TR R
A RPE 2R 1 1S SO T ACE [ — & 41
BLAA B 0 A AR . S T A o TR 15 I 7 A IE 2K
H BN BHR R L B ¥ 07 2248 S 1 48 b AL 436 1
1] 50 B 25 25 R0 9 1) (5000 B85 359 7 25, 43 31 I ke
PR AL 1) R ) L %) 18000 B 4 SRR

R ER A M 4T N S4B FL, AR 4 B 17
fA 1800 B 35 5 22 SR N s (21)

N
E (d,'_,' — J’_)Z
i=2

N—1

K dy TR AT ARG S5 AT —
1A IRLG Z (B R R BE B, d0 R 5 @ AT RO
G BB WS- YA std (D FRom 5 i AT RO R R IR
BT 25 N O EMR B 0B . RS R A A 1)
[l C R X 7 22 o0 25 A RO 5 3R IR B 34 5 22 1 °F- 1
fi.

std (1) = , 2D

£33 MNAEGGERGEHFTERR

Tab. 3 Comparison of mean square errors for center

distance on test image (Pixel)
[0 B X5 5 2% Ji ey T 45 e 1E J5 ER
& 1 F# 1) 0.219 7 0.086 3
N 0.156 8 0.082 4
K 2 1 1) 0.275 3 0.079 8
N 0.192 4 0.074 7
& 3 H 1) 0.404 2 0.100 7
END| 0.306 5 0.091 8
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G\ 15900 L4 5 2 B B35 1k 5 A ) [ B
Y7 2R TR . R 1 PR A
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Hy L R AT, 5 IR R AR L AR IR S B FRTR
52 B 22 75 22 AR AR ) N ) L 339 i/ . X R
WK TE Ji 14 PG (B8 B A B i PRAH R4S . A
SCTT RS A Mg 8 2 B o P 3 AR B
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