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Calibrating internal and external parameters of multi-cameras

by moving freely rigid ball bar
ZHANG Ling-fei, CHEN Gang, YE Dong, CHE Ren-sheng
(Department of Automatic Measurement and Control , Harbin Institute of Technology . Harbin 150001, China)

Abstract: According to the requirements of calibrating multi-cameras in motion parameter optoelec-
tronic measurement systems used in big space motion analysis, a novel approach of calibrating the in-
ternal and external parameters of multi-cameras is proposed. Firstly, a principal point is assumed at a
certain location around the image plane center,and the fundamental matrix is found out by Hartley’s
eight-point-algorithm. Then, different focal lengths of different cameras are obtained linearly through
a epipolar geometry and it's constraint. After educing the essential matrix, the singular-value-decom-
position is carried out to obtain the rotation matrix and translation vector with a scale factor. Moreo-
ver, the coordinates and the distances of the ball bar are computed by a triangulation method, and the
scale factor is found out through the true distance of the ball bar. Finally, the estimation of internal

and external parameters of the multi-cameras is transformed to a nonlinear minimization problem by a
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cost function, and the optimal principal points of two cameras are found out iteratively by using the

improved simulated annealing evolution strategy. The experimental results show that the precision of

focal length and principal point is up to 0. 1 pixel and the stardard deviation bar length is 0. 046 mm.

Compared with traditional methods, the novel calibration approach expands the applications of the

multi cameras and can find out the internal and external parameters simultaneously without the con-

straint for the ball bar movement. These results prove that the improved simulated annealing evolu-

tion strategy accelerates the convergence speed and improves the global convergence performance.
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Tab.1 Calibration results of

internal parameters for camera

PGS FEEE //mm F 5 o, /pixel T 5 o, /pixel
Fig. 2 Experimental calibration and measurement
=2 16.273 1 163.475 845. 357
system composed of four CMOS cameras
15 16. 275 1179.563 856. 574
B 3 ALLAM I AR 75 BR FH W Bk 21 4 58 ) 4 2B 16. 277 1155.397  872.795
FF HAE R R (— HE B HE S0 o W ch e Limess s
F2 BBIWIISERAEER
Tab. 2 Calibration results of external parameters for camera

Jike 7% % b SEF 1)

0.0493 18 —0.427 099 0.902 859 2.463X10°

1 S H%HL 0.099 965 0.901 531 0.421 010 —1.754X10°

—0.993 768 0.069 491 0. 087 156 7.859X 10"

—0.936 225 —0.342 263 0.079 621 2.637X10°

2 S B —0. 340 476 0.939 585 0.035 449 —6.874X10°

—0.086 943 0. 006 080 —0.996 195 2.495X10°

0.061 093 —0.378 322 —0.923 656 8.572X10'

3 SR G 0.081 129 0.924 204 —0.373 181 —7.965x10°

0.994 829 —0.052 137 0.087 156 2.758X10°

PRI £t % AL BR 28 B E AR 55 0 5 58 AR L b SR
0 S HRARBIL Y e & JE B g B0 [ P B ) B O
M, LR 2P HAERTH 1.2.3 SHEBEN
FHXT T2 0 5 BRAR AL B T e % B A1 F% 1) = (Sb
ZH0 .
6.2 ItEEME LI

FRAR 22 G5 00 5 A5 AL A 19 i 119 £ 90 S A
TEER O B[R] B 0 A E A bR o 25 K
e /IME VA R e RAE S l/MEZ 22, sk 3
N

K3 BRI LZHALEEBNLEEE
Tab. 3 Calibration results of ball bars length

Bl 44 7 Ul /mm
A M FL A A 00 2 L S 00 ) 750. 607
{8 AR SO Bk 25 50 750. 554
T ¥ 22 0. 046
RRHE 750. 704
R/AME 750. 332
R RAE — Fo/ME 0.372
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