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Abstract In the multi-view and wide—angle imaging system, in order to guarantee the quality of subsequent
image mosaic, the distorted image obtained from the wide— angle camera must correct. The linear
characteristics in the image is utilized to correct the distortion and a bending measurement
function is put forward with weight factor that gives each curve line the different weight values in accordance
with the distance from the image center as the object function for obtaining the final distortion cofficients. The
optimal distortion coefficients is obtained by minimizing the objective function. And based on the engineering
examples, are used respectively the traditional distortion correction method based on linear characteristics
and the proposed method to correct the target distort image. Experimental results show that the proposed
method can only use single image to obtain high accuracy distortion calibration coefficient, under the
condition that the noise level is less than 2 pixel, the root mean square error of the corresponding coordinates
within 0.3 pixel.At the same time, the proposed method is simple, convenient and easy to implement.
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Fig.1 Imaging model of camera
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Fig.2 Linkage schematic diagram of edge segment
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Table 1 Experimental calibration data

Method kl/l(T7 kz/l()’u Average distance /pixel
Traditional line=based method 4.9106 2.5137 0.32
Optimal algorithm with weight factor 4.4972 2.1749 0.47
Traditional camera calibration 4.4809 2.1305 0.49
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Fig.8 Original image and after correction image. (a) Original image; (b) traditional camera calibration;

(c) correct image without weight factor; (d) correct image with weight factor

M 8@ el LA ) R R 4 © 243 5 T ARG W, B2 T B [ 8(b) AL 8(c) i 14 Fh 7
A B AR E S R B R RS o 1 50 TR 52 90 25 2R AR i vk L AEGHE — 2D R E SR o0, il T S R Y
R B ARAERAS , A RERS A 2R LT 1) B IPAG T ik o B AT T 52 B PR A Mg 28 A T R0CR 7T LR F N 321
Gt 2 0 LR BE HEAT VAN o TR AL AL IE IS B R R R R AN 10 S8 Gt 2, BEAT LG o A
PG Jo i 72 ) £ b RIS BRI E B %O & o BT RLA] DA s 4 i 28 B A s B0 G 2R F 2 i
B R W AR AL IE ORI M AR v . AR LB AR 8 I IE S5 SR T LU AR SO S 5 A8 SRR HLbR E
V5 LA R R T B AR AR AR ) W A8 B 5 7 TR A LG RS BEAT BT s o

5 4 ®B

AR = 20 2 W) 0 1T AR ) 2 2 I A7 4R S 1 4% 0 WA B B S AT I A5 T, 4Rt — e AT R T 1
25 0 B S BR PRR . B 1R 26 8 PR 0 R A 2 B 2 B B P P D R B 1 A B TR
70 19 50 T MR, A il 2 5 T B 0 0k R B T BRAR LA e R P I R SRR I e AR L
R TR 0B S AT L (L7 AL 1R 15 1 1 4 B T S M AR B A . SRS R 5 G R T R A A
(1 W5 735 5 7 95 A L RIS (K5 JEE 45 25 T 0.2 pixel.,

£ Z XMk

I Lan Haibin, Wang Ping, Long Teng. Nonlinear aberration correction of lens in image mosaic[J]. Optics and Precision Engineering,
2009, 17(5): 1196-1202.
2, OV, e L BUR S D AHLEE L IR R W AR P AL B[] D6 R TR, 2009, 17(5): 1196-1202.

2 Bu Penghui, Zhao Hong, Gu Feifei, et al.. A full automatic camera calibration method based on planar target[J]. Acta Optica Sinica,
2014, 34(10): 1015004.
NUSAE, B %, A CTR, S R TR TR AR 1 4 B SRR A 5 R[] 6AE AR, 2014, 34(10): 1015004,

3 Wu Fanlu, Liu Jianjun, Ren Xin, et al.. Deepspace exploration panoramic camera calibration technique based on circular markers[J].
Acta Optica Sinica, 2013, 33(11): 1115002.
R UM, XV, AT 28, 45 26T PP AR 2 U TR 28 JR 00 A AR LR 2 J5 BA (D). D244l 2013, 33(11): 1115002.

4 Liu Zhen, Shang Yanna. Novel calibration method for stereo vision sensor using flexible target[J]. Acta Optica Sinica, 2013, 33(3):
0315001.
X, LA ST AR A% R ) — i R AR AR A O TR ], e 2R, 2013, 33(3): 0315001.

5 Hu Zhanyi, Wu Fuchao. A review on some active vision based camera calibration techniques[J]. Chinese Journal of Computer, 2002,
25(11): 1149-156.
B S, AR T RS B RS E k)] THRHLAE L, 2002, 25(11): 1149-156.

6 S D Ma. A self-calibration technique for active vision systems|J]. IEEE Transactions on Robotics and Automation, 1996, 12(1):
114-120.

0615001-8



DI S R ¢
7 Yu Jun, Lin Jiaming, Yang Jianyu, et al.. Distortion measurement and calibration technology for CCD camera system based on new
target board[J]. Acta Optica Sinica, 2007, 27(8): 1440-1442.
&R R, AT, S5 ST R RLR A CCD AR 3R ge AR I i 5 AL IE (1] 62 2% 4z, 2007, 27(8): 1440-1442.
8 Xu Yong, Guo Pengyu, Long Gucan, et al.. Research on fully automatic camera calibration method[J]. Acta Optica Sinica, 2013, 33
(6): 0612007.
Vi OB ST, b, AF L SRR LA A SR E Jr kTS )] O 2 4R, 2013, 33(6): 0612007,
9 Xu Fang, Liu Jinghong, Wang Xuan. Distortion correction method for CCD image based on calibration[J]. Chinese Journal of Liquid
Crystals and Displays, 2013, 28(4): 633-640.
o JF.XUARLL, B OE. TR CCD BUR AR AL IE Jr IR IE [J]. WA S SR, 2013, 28(4): 633-640.
10 Su Chengzhi, Wang Enguo,Hao Jiangtao, et al.. Distortion correction for images in planar metrology[J]. Optics and Precision
Engineering, 2011, 19(1): 161-166.
IRk, RV, RV, AE L 1 LA I e Y BRI AR A T D], D6 AE RS TR, 2011, 19(1): 161-166.
11 R Y Tsai. A versatile camera calibration technique for high—accuracy 3D machine vision metrology using off-the-shelf TV

cameras and lenses[C]. IEEE Journal of Robotics and Automation, 1987, 3(4): 323-344.

12 Z Y Zhang. A flexible new technique for camera calibration[C]. IEEE Transactions on Pattern Analysis and Machine Intelligence,
2000, 11(22): 1330-1334.

13 Zheng Yi, Liu Shangqian. Line—based nonlinear distortion correction of a ca libration image[J]. Chinese Journal of Scientific
Instrument, 2007, 28(6): 1129-1133.
R, N s, R AR 09 AR UG AR L vk i AR AL B[] XY R A= 4, 2007, 28(6): 1129-1133.

14 Zhou Fuqiang, Cai Feihua. Camera calibration method based on non- metric distortion correction[J]. Journal of Mechanical
Engineering, 2009, 45(8): 228-232.
Ji) i, ZRAE AR I 0 AR R I B LAR T R ()] LB TR 2, 2009, 45(8): 228-232.

15 Zhou Ziqing, Zhao Peng, Li Bo, et al.. Nonmetric lens distortion calibration based on collinear vectors[J]. Acta Optica Sinica, 2014,
34(10): 1015001.
JATF, R M8, AR B, AF R T AL ) i A I B Sk AR R R[], D65 R, 2014, 34(10): 1015001

16 F Devermay, OFaugeras. Straight lines have to be straight—automatic calibration and removal of distortion from scenes of structured
environments[J]. Machine Vision and Applications, 2001, 13(1): 14-24.

17 M Ahmed, A Farag. Non— meltric calibration of camera lens distortion: Differential methods and robust estimation[C]. IEEE
Transaction on Image Processing, 2005, 14(8): 1215-1230.

18 Cheng Tianfei, Ma Mu, Li Peng, et al.. A camera calibration method based on non-metric distortion correction[J]. Control and
Decision. 2012, 27(2): 243-247.
PRRTR, S gk, 2 WS, A — i R T AR G0 AR A OE YRR AT T ] S TSR, 2012, 27(2): 243-247.

19 Zhang Jing, Zhu Dayong, Zhang Zhiyong. Nonmetric calibration of camera lens distortion[J]. Acta Optica Sinica, 2008, 28(8): 1552-1557.
HK o, RR B, SRR B SR AR LG Sk AR () — Bl AR AL IE D7 L (D). J6sE o, 2008, 28(8): 1552-1557.

20 C B Duane. Close—range camera calibration[]J]. Photogramme Eng, 1971, 37(8): 855-866.

21 Zhang Yujin.Image Engineering( Il )-Image Analysis[M].Beijing:Tsinghua University Press, 2005, 75-86.
T R TR (PO R 43 M. Jb ot 3 AR K A, 2005, 75-86.

22 J ] More. The Levenberg—Marquardt Algorithm: Implementation and Theory[M]. Berlin, Heidelberg: Numerical Analysis, 1978:105-116.

EE®RE: 5 &

0615001-9



