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Abstract: To accurately reflect the geometric imaging relationship of cameras, a self-calibration
method was proposed based on simplified Brown nonlinear camera model and improved BFGS
(broyden-fletcher-Shanno) algorithm. In this method, the linear camera model and the distortion
model were fitted into a nonlinear model, and the nonlinear model parameters were constrained by
fundamental matrices of the linear model to obtain a set of nonlinear constraint equations. Then, based
on new quasi-Newtonian equation, an improved BFGS algorithm suitable for nonlinear internal
parametric constraint equations were presented and the internal parameters of the equation were

solved. By using the proposed model and algorithm, the calibration method improves the accuracy and
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robustness of the calibration results in fewer iteration times and noise conditions. The convergence
analysis and robust analysis in with or without noises show that the reprojection error is less than 0. 4
pixel when the noise is not greater than £ 3 pixel. A real image experiment was performed by
calibrating camera parameters and calculating the projection error, and the results show that the
calibration precision error is less than 0. 06 %, and the re-projection error is 0. 35 pixel, which verifies
the effectiveness of the proposed method. It concluds that the method is applicable to image
processing, mode classification and scene analysis in computer vision field.

Key words: self-calibration; Brown model; BFGS algorithm; non-linear camera model; quasi

Newton method
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2

Fig. 2 Simulation results of calibration
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Tab.1 Calibration of camera matrix and re-projection errors
Proposed method Method in Ref [18] Zhang’s method in Ref [19]
0.9890 0.0185 0.147 1 0.9923 0.0221 0.1218 0.9905 0.0218 0.1212
Imagel R —0.0010 0.9930 —0.1181 —0.0068 0.9989 —0.144 4 —0.0057 0.9763 —0.1291
—0.1482 0.116 7 0982 0 —0.1227 0.0820 0.9916 —0.1296 0.0833 0.9947

T [—2144123 —73.446 1542.9078]" [—223.4328 —70.6879 1597.19387]" [—220.758 2 —70.5244 157195467

e 50. 361 9 89.361 9 82.573 1
0.8741  —0.0004 0.4857 0.9216  —0.0012 0.5609 0.9452  —0.0021 0.5937
Image 2 R 0.0045  1.0000 —0.007 3 0.0132  0.6715 —0.002 4 0.0172  0.5607 —0.0019
—0.4857 0.0086  0.874 1 —0.8741 0.0192  0.7634 —0.8896 0.0187  0.7908
T [—307.788 —139.9475 123466517 [ —308.0023 —130.5406 1233.6659]7[ —307.0452 —1399.6432 1234009277
e 69.052 7 96. 329 4 98.045 8
—0.1865 —0.9820 0.0295 —0.2193 —0.9936 0.0466 7 r—0.22841 —1.0341 0.0677
Image 3 R 0.9671 —0.1888 —0.170 6 0.9108 —0.2340 —0.1722 0.8973  —0.2903 —0.1607
0.1731  —0.0033 0.984 9 0.1891 —0.0106 0.8409 0.1964  —0.0238 0.869 4

T [—96.5246 76.6663 1313.897 17" [—945172 77943 1313.76097]" [—90.4785 79.8334 1312.45847]"

ep 81.339 1 112.362 5 129.434 9

2

Tab.2 Calibration of camera extrinsic parameters and time

Proposed method Method in Ref [18] Zhang’s method in Ref [19]
e 2 498.635 7 2543.745 7 2617.412 7
1y 2 499,710 6 2 678.785 2 2712.379 1
U 2302.425 1 2 578.147 8 2 543.739 4
w 1 644.053 7 1632.741 9 1 703.073 9
/s 2.315 3 2.091 4 1.365 4
(a) (b (18] (©) [19]
(a)Proposed method (b)Method in Ref[ 18] (¢)Zhang’s method in Ref[19]
4

Fig.4 Reprojection errors of feature points
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