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Abstract: In order to improve the calibration accuracy of camera parameters, the improved Zernike moment and
eccentricity error correction were used to locate the center of the circle with high accuracy for the problem of
blurred edges and eccentricity of spatial circular projection when calibrating with circular feature points in stereo
vision system. The problem of blurred edges of circular feature projection image caused by uneven illumination
intensity at the calibration site of stereo vision imaging system was firstly considered, and the Gaussian error

function was introduced to describe the grayscale distribution of the edge transition section. The Gaussian edge
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model was established, and Zernike moments of the projection image were calculated based on this model, and

then the improved Zernike moments were used to achieve high-precision circular feature projection edge pixel

coordinate positioning. In addition, the factors that affecting the deviation between the projection point of the

circular feature and the fitted circle center were analyzed, and the deviation compensation of the iterative fitted

circle center was made based on this analysis to make it close to the real circle center projection, and lastly the

circle centers of 99 circular marker points were extracted and used for the calibration of the camera parameters by

the proposed algorithm. The simulation experiments show that the accuracy of the algorithm for edge positioning

of the projected image and the accuracy of the circle center fitting are higher than those of the traditional

algorithm; In the practical measurement experiments, it turns out that the length measurement accuracy of

standard rod based on the proposed method is improved by 30% compared with traditional methods.

Key words: stereo vision;
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Tab.1 Edge location accuracy of simulative image

Type of noise

Locate method No noise White noise(c->=0.002) White noise(c->=0.004)
Mean error/pixel Variance/pixel” Mean error/pixel Variance/pixel’ Mean error/pixel Variance/pixel’
Gray moment 0.0666 0.0172 0.0807 0.0232 0.1218 0.1979
Fit method 0.0727 0.0363 0.0821 0.0443 0.3277 0.1843
Zernike moment 0.0501 0.0198 0.0867 0.0307 0.1064 0.2512
Proposed method 0.0469 0.0130 0.0564 0.0312 0.0687 0.0866
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Fig.8 Edge and center localization based on improved Zernike moments
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Tab.2 Center location accuracy of simulative image

Type of noise

Locate method No noise White noise(c->=0.002) White noise(02=0.004)
Fitting center Error/pixel Fitting center Error/pixel Fitting center Error/pixel
Gray moment (256.034,256.025) 0.0422 (256.024,255.951) 0.0546 (256.031,256.056) 0.0640
Fit method (255.994,256.041) 0.0417 (255.967,256.165) 0.1683 (256.226,256.186) 0.2926
Zernike moment (255.964,256.022) 0.0414 (255.959,256.014) 0.0430 (255.95,256.012) 0.0511
Proposed method (256.027,255.991) 0.0289 (256.025,255.979) 0.0326 (256.031,255.986) 0.0339
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Fig.9 Acquisition equipment of stereo camera system image
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Fig.10 Extraction and coding of circular mark points
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Fig.11 Target image acquisition and center extraction
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Tab.3 Camera internal parameters and binocular posture relationship

Left camera’s intrinsics Right camera’s intrinsics Extrinsics
Jfx=3051.903 4 fe=3085.8341
£, =3051.3490 £y, =3087.418 6 09653 0.0062 -0.2611
up = 836.169 0 up = 812.227 4 R=| -0.0402 09913 -0.1251
vo =910.3853 vo = 859.930 4 02581 0.1312 0.9572
ki =-0.176 9 ki =-0.1820
ky =0.189 4 kr =0.3759 T = [ -363.0015 14.6250 86.0826 ]
s=0 s=0
Ul 12
-200
g _ ¥ Calibration board
g 100 . |
= 0 600.174 mm
100 Right cam [&] 13 Sl e AT
1200 T
Left_cam % Fig.13 Calibration rod
=
%_ _—— BRA T 05 bR AL bR R 5 345, BILBEH ST S0
=0 200 - b 4 - s
00 Yom SEAEAR A8 AR A AR DL S HO AR HEFT PR AT B A

SR S HR AT BAE AR iR 22, &0
L2 W15 BT ER N3 4 R,

x4 PR BoR, BT SCRRE L bR r
SRR B WAL S B AR ERT RAE UG AT E A, 4R VAR ) 9 W S 2R S5 5 B0 I R 25 4 ] A
PP AERT ) P i s 25 it (R AR B, %5 1 3 W R 7 i S 4 0.2 mm LA P, B Sk /I At 0 ol 12 258 A0 1) DU 4t 245

Pl 12 SEABRILGE RGARE AR

Fig.12 Stereo vision system calibration results
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Tab.4 Calibration rod measurement accuracy
Method Fitting center 4 Fitting center B Length/mm Error/mm

Gray moment (317.588,-237.967,1250.752) (—223.332,9.369,1 172.507) 599.9098 0.2642

Fit method (317.607,-237.573,1250.357) (—223.792,9.302,1 173.957) 599.9142 0.2598
Zernike moment (317.624,-237.219,1251.199) (—223.726,9.496,1 173.864) 599.9240 0.2500
Hough transform (317.701,-237.186,1250.309) (—223.912,9.357,1174.357) 599.9147 0.2593
Proposed method (317.486,-238.568,1249.487) (—223.325,9.329,1171.598) 599.996 8 0.1772
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