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Abstract

Camera calibration in a binocular stereo vision system was studied based on BP neural network

techniques. A neural network was built to investigate the relationship between the image coordinates

and the space coordinates. To improve the accuracy of training data, a corner extraction algorithm

based on Harris algorithm was modified by increasing constraints. The generation ability of neural

networks was discussed, and was further improved by synthesizing many strategies such as the

regularization and stopped training strategies. At last, compared with the traditional calibration

method, the test result shows that this method is available and can get a higher precision for binocular

camera calibration.
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Tab.1 Training result of direct-coordinate network
s traingd traingdm traingdx trainrp trainscg trainlm
s I/ - AV ) 61 B R A VN T 7 - AN 11 3 A - IR { ) 1 < R A v 1 TR < N -~ AV 1
wWE WK s RE WM s BRE WR¥ s REO WK s BE OB s REOKRE s

5 9221.38 130 1.687 661035 527  4.406 - - - 5392.61 5000 23.782 5861.84 3701 25.563 53.7966 200 13.859
10 7537.58 767 7.123 7070.04 796 6.875 - - - 244479 3701 20.672 5805.31 3101 29.468 4.5273 801  58.969
15 6285.62 2978 27.156 6135.4 3338 30.609 - - - 3515.66 3901 27.469 4583.10 3901 48.063 4.7235 701  60.031
20 6399.52 2571 25.484 6529.2 1040 8.359 - - - 2343.77 3401 26.656 5287.46 2201 31.860 218.2070 501  41.219
25 6501.01 396  4.922 5900.48 541 4.812 - - - 2309.28 3701 34.172 6107.00 2401 40.375 4.7476 501  58.951
30 6002.10 5000 68.704 5405.25 3544 36.797 - - - 2385.54 3001 31.531 6746.79 1601 31.906 82.8410 401  64.438
35 6117.70 2455 35.843 6490.32 1843 18.625 - - - 2880.57 2401 42.562 6725.62 1801 40.516 21.1389 301  58.406
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Tab.2 Training result of indirect-coordinate network

- traingd traingdm traingdx trainrp trainscg trainlm

g 2; ig A /s ;Z ig kil /s ;Z ;‘:g 1A /s ;Z ig A /s Z;Z ig ki) /s z; ig il /s
500.00467 5000 22.547 0.00424 5000 25.547 0.00308 4151 20.641 0.00295 3901 19.984 0.00287 2201 19.696 0.00041 1451  26.828
8 0.00328 5000 30.875 0.00317 4451 26.203 0.00209 3151 17.610 0.00260 2651 16.703 0.00042 3751 37.157 0.00026 1101  30.984
10 0.00183 5000 31.203 0.00254 4501 28.266 0.00179 3151 21.79 0.00157 3351 21.79% 0.00077 3851 43.140 0.00022 901  32.375
15 0.00184 35000 35.578 0.00188 3601 27.609 0.00099 5000 39.375 0.00148 2901 22.5%2 0.00029 2701 36.078 1.00x10°° 318  173.270
18 0.00122 5000 41.734 0.00275 3001 26.234 0.000137 3701 30.703 0.00125 3351 28.975 0.00031 2701 42.032 1.00x10°° 4527  292.890
20 0.00129 5000 45.297 0.00169 3201 29.985 0.00130 3901 33.297 0.00109 3601 31.515 0.00027 3151 52.203 1.00x10°5 682  54.109
25 0.00140 5000 48.485 0.00281 3201 32.391 0.00163 2901 28.063 0.00094 2801 28.562 0.00028 2001 39.625 1.00X1075 366  40.640
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Tab.3 Result of interior and exterior parameters using free-plane calibration

FEEHZEL!

LR
£255 /mm [2437.49319 2 438.08283] +[2.374 63 2.405 16]
[ESRLLRIN [175.72505 223.188 85] £ [5.199 31 4.199 20]
ERRE [0.000 00] = [0.000 00]
L 2% [—0.257830.744 42 —0.001 82 0.002 82 0.000 00]
+10.012 63 0.109 39 0.000 32 0.000 70 0.000 00]
FRS R

[2433.256052432.687 81]£[2.46103 2.55541]
[211.148 80 276.41172] £[5.471 95 4.534 63 ]
[0.00000] £ [0.000 00]

[—0.224430.706 47 —0.000 04 0.000 99 0.000 00]
£[0.012 66 0.133 03 0.000 33 0.000 70 0.000 00

[0.00422 —0.21822 —0.28544]+[0.002 35 0.003 02 0.000 33]
[267.668 52 0.62709 24.76920] £[0.197 52 0.124 22 1.469 19]
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Tab.4 Comparison of two calibration results mm

FhRAsbR  EHRARSR PR (2, y,2)

(x,y) (x,y) o125 ) 4% EREERAI)
260,0,280 92,154.5  259.85,0.09,280.01 257.39, —1.07,284.12
160,0,280 264,113.5 159.67, —0.04,279.67 155.59, —0.78,283.38
240,0,240  123.5,208.5 239.93, -0.15,240.31 237.11, —1.45,242.88
120,0,240 322,158.5  119.77,0.04,239.98 115.84, —0.33,243.01
180,40,0 224,552 179.74,39.83,-0.05 179.85,39.55,-0.10
80,220,0 530,708 79.84,219.85,0.18 80.09,220.22,0.04
220,260,0 351,842 220.13,260.11,0.17  219.43,260.04, —0.23
0,100,220 599.5,243  —0.34,99.84,220.05 —5.04,101.90,220.54
0,20,160 504.5,247  —0.84,19.35,158.68  —3.62,21.92,160.99
0,260,80 716,614.5  0.18,260.04,80.16 -0.79,261.31,79.75




218 & Ak MO ¥ 20009 4

EHIREBARII I, Wi Sl J, 2T FINAHRZARE ST, i DL B S SR AR ML AR
) Harris MG ARBOUT AR R A IIGRREARSERY B FFRERORIEMRME G IR A A S AL, Dol A
WG RE 28 5 R ATA — AL FEATZ R E 2R, RIS B SRR 2 . ARSCWRTE Tk I T
A B PERGZ A0 20RO R 25 1 kol B, AT R BE A = 40 i A

Z % X #t

1 Yang Haojun, Zhang Guilin. Feature correlation tracking algorithm using SUSAN operator [ J ]. Infrared and Laser
Engineering,2000,29(4) :34~37.

2 HarrisC G, Stephens M J. A combined corner and edge detector [ C] // Proceedings Fourth Alvey Vision Conference,
Manchester, 1988:147~151.

3 XUBH B, AR . — P B AL B 1A (8 A A Sk [T ] P R IETE 2241, 2006, 11(5) : 656 ~ 660.
Liu Yangcheng, Zhu Feng. A new kind of arithmetic of chessboard corner detection[J]. Journal of Image and Graphics, 2006,
11(5) :656 ~660. (in Chinese)

4 Martin T H, Howard B D, Mark B. Neural network design[ M]. Beijing : China Machine Press, CITIC Publishing House,
2008.

5 Mark B L, Cihan H D, Mahesh V. The use of feed forward neural networks for machine vision calibration[ ] ]. International
Journal of Production Economics, 1999,60~61:479~489.

6 JEITFA, HERRLL . $h 2 4 KO MATLAB {5 HB P it [ M. bt s il , 2005
Tsai R. A versatile camera calibration technique for high accuracy 3D machine vision metrology using off-the-shelf TV
cameras and lenses| ] ]. IEEE Journal of Robotics & Automation, 1987,3(4):323~344.

8 akfar, BB, M Ae . PR SRBOS H AL 1 s P LA B OCAR [T ] O T, 1998, 125(5) :38~42.
AR XD, 225 BUHRHLS RN =S ER (IR 22 MR Uik [T ] AR LARE-41Z, 2008, 39(10) : 187~ 190.
Cui An, Liu Yefeng, Yuan Zhi, et al. Camera calibration method of tri-linear interpolation error compensation [ ] ].

Transactions of the Chinese Society for Agricultural Machinery, 2008,39(10):187~190. (in Chinese)

(E#%E 174 W)

5 Henten E J, Tuijl B J, Hoogaker G J, et al. An autonomous robot for de-leafing cucumber plants grown in a high-wire
cultivation system[ C] // Biosystems Engineering, 2006, 94(3): 317~323.

6 Xu Huirong, Zhu Shengpan, Ying Yibin, et al. Application of multispectral reflectance for early detection of tomato disease
[C]//Proc. of SPIE 2006 Optics for Natural Resources, Agriculture, and Foods, 2006, 6381: 63810R.1~63810R. 8.

7 BFV KLY SR RS Ok e SRR ALK, 2008,39(4) :175~179,186.
Mao Hanping, Zhang Hongtao. Research progress and prospect for image recognition of stored-grain pests[J]. Transactions
of the Chinese Society for Agricultural Machinery, 2008,39(4):175~179,186. (in Chinese)

8 Tsai W. Moment—preserving thresholding:a new approach[J]. CVGIP, 1985, 29(3): 377—393.

9 BiRE, PO NS ST AL A Sh B ERR A FEELT ] PEAUVAT, 2004(6): 11~13.

10 Arlma S, Kondo N, Shibaxo Y. Studies on cucumber harvesting robot: II [J]. Journal of the Japanese Society of
Agriculture Machinery, 1994, 56(6):69~76.

(L5 213 W)

3 BREUE. WIS BRAETFEsre B ) ] MUR S, 2003(2): 102~ 104.
Chen Minhua. Applications of moving capability index of robotic manipulator[J]. Machine Tool & Hydraulics, 2003(2):
102~104. (in Chinese)

4 PATE-PEE, PR, RRER-PREAR . HLas ABRIEROECH IR (ML dbat: MU H kL, 1998.

5 MR, SR, Rk SRIRHLAS AVE Iz s i ABESE[) ] A EPLBCCRE, 2004, 15(15): 1323~1 326.
Lin Yizhong, Huang Yumei, Cheng Xiang. Analysis and research of inductive motion in serial robots[ J]. China Mechanical
Engineering, 2004, 15(15): 1323~1 326. (in Chinese)

6 Goritov A N, Korikov A M. Optimality in robot design and control[J]. Automation and Remote Control, 2001,62(7):
1097~1103.

7  Gosselin C M, Angeles J. A globe performance index for the kinematic optimization of robotic manipulators[]J]. ASME ]J.
Mech. Des., 1991, 113(3): 220~226.



