$o2 % s e G TR Vol. 22 No.8
2014 4F 8 H Optics and Precision Engineering Aug. 2014

XEHS 1004-924X(2014)08-2267-07

FHEB DA R HERIRE L HE

ABERVLVERBLE R EITAE, HEw®
(AL A LRI BEZERZ, #L M 310027;
2. HEMBZ IV ERANG BEE XN T L(ERARAG,EE X F 723213)

FEE : TV ARALE R A T BB S0 25 0 7 6 BEATAR 2 (AT IR AR AE AN R R BGE RV, R & - A br g i 25, i T e
IR BR A% 5 15 22 91 8 Lk A7 2008 TF 3X — 58 28 AR SCHR M T — i 1 FH 8100 S X R 4% 52 i 28 35 15 B I A ATL AR 38 7 12 .
BT T T RN L A (R 45 ] S A N A R =2 )5 0 B A 5 AR B A — R R R TR P S PR AR R
AR 38 2ot /) A SR 1 SR A 12 M AR X 1oy T R A 1R A8 R N 5 R R T A M B S e AR B R I AR AL A S 8, S
g R R A SCER 1 bR 70k AR e B R BB IR Z R B T 1/50 pixel, %77 0] — R 58 J]AR & , THE 7 5,
T 8 G B, 38 T Tk AL AR R

X # H:T AN EEE RS RRY RV ERER ERYRE

FE4¥ES:TP391;TB853 XERFRIZAD : A doi: 10, 3788/OPE. 20142208, 2267

Calibration of industrial cameras using asymmetric circle center projection
ZHU Wei-dong'” , CAO Liang-hong', MEI Biao', LI Jiang-xiong,' Feng Pu-jia’

(1. Department of Mechanical Engineering, Zhejiang University, Hangzhou 310027, China;
2. Shanxi Aircraft Industry(Group) Company Ltd. s Aviation Industry
Corporation of China, Hanzhong 723213, China)

* Corresponding author, E-mail ; wd zhu@ zju. edu. cn

Abstract: The calibration of industrial cameras usually uses circular points as control points. Howev-
er, there is asymmetric projection in the calibration, so that the calibration results have errors. In or-
der to avoid the introduction of asymmetric projection error and to correct the error in an iteration
form , this paper proposes a new camera calibration method by utilizing the asymmetric projection of
circular centers. Firstly, the theoretical coordinate of the projection ellipse center from a circular point
on the planar pattern was deduced , then the center coordinate of actual ellipse for the image of a cali-
bration board was extracted and the projective transformation matrix was obtained by using nonlinear
least square method. Finally, the camera intrinsic parameters were obtained by using all projective
transformation matrixes. Experimental result reveals that the re-projection error of the calibration re-
sult of Baumer TXG12 industrial camera is just about 1/50 pixels by using proposed method. The
method can complete the calibration at a time and is able to meet the precision requirement of industri-

al measurement in simpler calculation and higher accuracy .
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Fig. 1 Reprojection errors caused by asymmetric

projection and distortion
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Fig. 2 Synthetic calibration board pictures
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Tab. 1 Calibration results of synthetic pictures
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B Heikkila™ b TR AW Ik
fo/pixel 1111011 106,247 5 11 106.1289 11 106.257 9
fy/pixel 1111011 104,026 7 11 104,283 4 11 104,401 9
¢./pixel 647.5 644,332 4 644. 230 04 644,330 0
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Fig. 4 Influence of angle on asymmetric projection

4.2 XERRXE

SR B AH AL S O Baumer TXG12 %Y
T AML. HHER K 1 296 X966, 45 E K
(49 18 TE I 3] 5 ' B A A 2 Bl CR 35 6 BB AT LA
BEL TR EE 2 KR EERE R 1.5
mm, F0H R 3 mm, R T 1 pm, W 5 BF
ARG SEI R T A AL R R TE AL g N 2 BT R
b AR E RN BN AL AT S Tk AH L,
DUAS [R] 5 40 £ 0 48 b o A 9 16 s S 56 26 o 4N K]
6 ST/ » AR 2 50 16 B 12 18 b 2 AR 0 /AL 43 )
Heikklia™ () J5 % . MATLAB # #l #5 & T. B
RN SR O TR AT AR A L S 4 R LR
2. R 3ME A, RPpEHEZREMA AKX 12)

KRG,
L L B L O
oo 00000
oo o000
L L L L
LA B B
oo o0 000
L L L B B L
Toms
| 9

K5 FREdR
Fig.5 Calibration board

K6 scmmt

Fig. 6 Experiment setup

IS B f) S 56 45 28 AT LR M 0 T A S i
i FH 8 Tk AHBLR U, Heikkila #9475 & J5 418 1E
TR AXFRBE R 2, BT W AE e, H
W TR A HARE R S AN A
1M MATLAB ABLER & T H A 14 A TR B
[58] Fv o R Al 0 45 i B0 2 4T DT A L O
BB IEA X FRAERE 1R 22 FoAm E 245 28 10 A vfiE 22



2272 b=

T TR

522 %

FIEE B TR 25 e K AR SCH B9 O ik U T A 0
PRI B 5K 1 2 4078 0 0 R R AT AR 2 L 19 2
14 2% 2 Bk o i 25 40 LL B0/ R IR 25 LR OR
I/

% 2 Heikkila FIFRE 77 3%
Tab. 2 Calibration results using Heikkila’s method

(pixel)
I Iy Ce I
P 11117.768 111 118.880 0 658.943 6 453,213 8
i 2 9,545 7 9,546 7 11.2 6. 07
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Tab. 3 Calibration results using MATLAB

calibration toolbox (pixeD)
fa fs C ¢y
¥l 11 105.268 911 103.634 1 670.259 5 474.991 3
b ifi 2 14,681 9 15.706 1 5.683 0 5.944 3
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