BTk H2H

BRSO ot

2010 4F 2 A CHINESE JOURNAL OF LASERS

NEHS: 0258-7025(2010)02-0488-07

He 13 1 0 ELA S TR AL 5 R £ AR DL A 1
FERES TN

(CREER ARG F AL A SR T TR PO A B AR A HHE W E A LR, K 300072)

WE  HERLMEH (DLT) 2 5 T FE AR Y 5 0 A8 e 45 0, 3 2ok SRR 2 vk o IR 4l 15 3 — 4 2D) G Ak 47 5 = 4
(3D HH: 57 A s 14 W AR 56 2 46 B 3% 07 6 B SRR 17 B0 BE RS A0 6 B IA B BB SR E 2w . Oy Tk B RESR
i 5 B S REARC IE W AE 1) B B4 5 7E SR R A T s 8 1 SR 1) ik il 3 43 2 BB 3 B W A 1) 5 ) L AR I SRR WLV 15 B
FESBOUME G 38 2o 5 /> 3 D Ak B0 A8 1 A i P T AR R B AR B T B AR S B O SR R [ B 4 A 1 B a
RON S BRAIE T I T BT B AR R B A AR X ST P . e T s R SR AR 0 AR R O R AR PR R 18 T ks R AT
B IE AL IE G BG BASTE A T B i  TE B T A 7 1 1A sk

KR BB WA A IE s de /b Ak s S R VAR i

FES%ES  TNI0L XHtARiIRED A doi: 10.3788/CJL20103702. 0488

Camera Lens Distortion Correction Based on Coplanar Point
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Abstract The direct linear transformation (DLT) based on the ideal perspective transformation model can obtain
the mapping matrix between the two-dimensional (2D) image coordinates and the three-dimensional (3D) coordinates
by solving the linear equations. The method is simple and fast, but it does not take the effect of lens distortion into
consideration. In order to correct the distortion in an easy way, this paper takes full account of the lens distortion on
the basis of coplanar point linear solution. After initial parameters determined according to the camera information,
transformation matrix and distortion coefficient are modified continuously by least-squares method to obtain the
optimal parameters, and use data points pair of different location distribution to verify that the distortion coefficient
calibrated by the method is relative independence. Finally, square image obtained by the camera was selected and
corrected using the distortion coefficient gained by the above-mentioned method. The results have improved
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significantly and verified the validity of the method.
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transformation
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Fig. 1 Perspective transformation model
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Fig. 2 Corplanar calibration point pairs. (a) world coordinate sampling points;

(b) captured image; (c) pixel coordinate result
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Fig. 3 Data of different coordinates
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Table 1 Optimized parameters of 5 different locations data distribution
Initial _ Standard
Parameters Data 1 Data 2 Data 3 Data 4 Data 5 Average o
values deviation
ki 0 —0.01564 —0.01562 —0.01541 —0.01567 —0.01558 —0.015584 1.03X10~*
ky 0 0.001180 0.001182 0.000944 0.001520 0.001212 0.001208 2.05X107*
P 0 0. 000888 0.001016 0. 000880 0.001179 0.001259 0.001044 1.71X107"*
22 0 0.01355 0.013819 0.013567 0.013667 0.013695 0.013660 1.09Xx10*
S1 0 0.000297 0. 000307 0. 000535 0. 000475 0.000332 0.000389 1.09X107*
2 0 —0.01254 —0.01296 —0.01287 —0.01250 —0.01278 —0.01273 2.02X107"
ag 0.00592 0.006104 0.006136 0.006249 0.005975 0.006107 0.0061142 9.77X10°°
C, 320.0000 320.0159 319.9679 320. 0008 320.0091 320. 0052 319.99978 1.87X107*
C, 240.0000 240.0582 240. 0354 240, 0677 240.0414 240. 0482 240. 05018 1.29X10°2
my —0.69918 —0.68609 —0.68610 —0.68611 —0. 68550 —0.68540 —0.685840 3.58X107"
miy —0.31399 —0.30569 —0. 30466 —0.30538 —0. 30449 —0.30437 —0.304918 5.83X10""
mis 335.2416 335.0013 335.2996 335. 1344 335.1848 335.1687 335.15776 1.07X10°!
myy 0.074296 0.076056 0.076428 0.076222 0.076673 0.076733 0.0764224 2.89X107"
My —0.08957 —0.08448 —0. 08350 —0. 08400 —0.08375 —0.08348 —0.083842 4.15X10°*
Moy 138.8615 139.8622 139. 8952 139. 8513 139. 8934 139. 8761 139. 87564 1.92X10°2
ms; —0.00061 —0.00059 —0. 00058 —0.00059 —0. 00058 —0.00058 —0.000584 5.48X10°°
ms; 0. 000589 0.000599 0. 000603 0. 000600 0.000602 0. 000603 0.0006014 1.82x10 ¢
R, 226.1353 223.3238 222.1658 220.5181 219.6233 222.3533
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Table 2 Tsai calibration results
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Fig. 4 Square image before and after correction
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Table 3 Fitting results of the 12 lines in Fig. 4(c¢), (d)

N Before correction After correction AR... =
“ an arz R Az Az R R —Rue
11 0.0026 —49. 89 98.09 —0.0056 —41.428 26.07 72.02
12 —0. 00096 —142. 48 45. 37 —0.0033 —139.78 11.81 33.56
13 —0.0035 —238.57 10. 19 —0.0012 —239.21 5.45 4.74
14 —0. 0060 —334.93 59. 06 0.0017 —338.61 8.97 50. 09
15 —0.0077 —428. 20 107. 39 0.0046 —436.67 22.84 84.55
21 77.10 —3320.12 70. 36 167.90 —3265. 33 35.03 35.33
22 92.52 —11919. 70 50. 26 166. 67 —19741. 67 18.58 31.68
23 118. 21 —26195.71 27.28 173. 20 —37849. 87 7.80 19. 48
24 167.52 —53287. 48 6. 44 189.93 —60461. 54 5.55 0. 89
25 212.06 —88432.01 19. 48 164. 34 —68638. 24 9.61 9. 87
26 400. 05 —204760. 57 43.73 162.72 —83857. 75 19. 37 24. 36
27 2187. 80 —1313489. 98 66. 34 150. 51 —91959. 78 33.11 33.23
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