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Grey incidence analytic method to error analysis of binocular vision measurement system
TANG Wei,YE Dong,YUAN Feng,CHEN Gang
Department of Automation Measurement and Control, Harbin Institute of Technology

Abstract: According to the excessive error factors and difficult analysis of the binocular vision measurement systems,
an error analysis method based on grey incidence technology was proposed. The grey attributes of the vision system
were analyzed,and grey system theory and its correlation technologies were introduced into the error analysis of the
vision measurement system. 9 factors or parameters such as lens distortion, centroid positional error, internal and
external parameters in binocular vision system were all selected as independent variables, then sampled data were
obtained for error analysis through experiments based on single factor variation. According to grey data processing
method and grey incidence analysis technology, the influences of all error factors on final measurement accuracy were
definited by irregular samples. Experimental results demonstrate the exactitude and validity that the grey theory is
used for quantitatively analysis of errors for the vision system. Under grey theory significance, the incidence degrees of
measurement errors with four kinds of factors,the radial distortion and tangential distortion of a lens, the included
angle between two cameras and centroid positional error in feature points are larger than 0.859, which is higher than
those of other factors.

Keywords: vision measurement error analysis grey system theory grey attributes grey incidence analysis
W H W 2012-09-24 &[0 H ] 2012-11-19 M 44 i & 4ii H #] 2013-02-23
HLTH :

E 5 QR E 4

THARAE & i

fE& A M 4R(Q968-), B, WAk, Ht, #oZ, WA S, 19904, 19954FF19994F T4 /it Tk K22/ Mgk et i A
F2EAE, FENGIET R IR R I AR R BRI . XUE /B A AR b s e A AR Sy T (K 5

{£# Email: haerbinhit@126.com

[1]HOU J, LI H F, ZHENG ZH R, et al.. Distortion correction for imaging on non-planar surface using freeform lens [J].
Optics Communications, 2012, 285(6): 986-991. [2]JEDWARD R, ROHAN L. Camera distortion self-calibration using the
plumb-line constraint and minimal hough entropy [J]. Machine Vision & Applications, 2011, 22(1): 77-85. [3]i# L, H ki,
&g, ST BRI SRR =4 R bR e [J]. 6% Ri% L, 2012, 20(1): 124-130. XUE T, CAO ZH F, JIN Y X.
Calibration of three-dimensional measurement system for gas-liquid two phase flow based on virtual stereo vision [J].
Opt. Precision Eng., 2012, 20(1):124-130. (in Chinese) [4]1%#NI, B8, HIESR, %, CHEMIHSEBUR NSNS WREN = RS D]
Yot Ri# TR, 2012, 20(9): 1929-1937. LI L G, LIANG J, TANG ZH Z, et al.. Optical and dynamic measuring system for
movement data of aircraft structural parts [J]. Opt. Precision Eng., 2012, 20(9): 1929-1937. (in Chinese) [5]xIfi, M-Z, &
Wi, 2. KIS Sh A I URS B IR HE S S0 [J]. e R§# TfE, 2010, 18(11): 2513-2520. LIU B, YE D, CHEN G, et al..
Calibration and experiment of vision measurement accuracy for motion of rocket nozzle [J]. Opt. Precision Eng., 2010,
18(11): 2513-2520. (in Chinese) [6]PING X L, ZHOU R R, LIU SH L. Three-dimensional data sequence in grey system
theory [J]. Journal of Nanjing Institute of Industry Technology, 2004, 4(1):1-5. [71Zsmmg, ZE4R3K, FRdEm], 5. 99K e R 53
AR ZE AR ML T BT [I]. D K% TR, 2006, 14(1): 89-93. LI M M, GONG Z B, CHENG W M, et al.. Research of
dynamic error compensation for nano-positioning system based on grey model [J]. Opt. Precision Eng., 2006, 14(1):
89-93. (in Chinese) [81XS5K Ju. KM iBFEAH[M]. B0 b RHERA Hldt, 2002: 8-17. DENG J L. Grey Theoretical Principles
[M]. Wuhan: Huazhong University of Science and Technology Press, 2002: 8-17. (in Chinese) [9]/& 5%, # Lk, T,
5. N BAEER R Snake MUK N A KGEC B IR B [J].062% K5 TR, 2011, 19(11): 2744-2752. ZHOU ZH Y, YANG W CH,
WANG Y M,et al.. Realization of face contour tracking by GVF Snake and grey prediction [J]. Opt. Precision Eng., 2011,
19(11): 2744-2752. (in Chinese) [10]MA M, ZHANG Y N, SUN L, et al.. SAR image despecking using grey system theory
[C]. Proceeding of IEEE International Conference on Grey Systems and Intelligent Service, Nanjing, China: GSIS, 2007:
458-462. [11]X DU, ez, F/b4e, 55— B BOR (AR T J LS B [3]. 76 %2 K 2% 244k, 2011, 30(1): 79-82. LIU W F, HE X,
CHENG SH H, et al.. A class of optimized discrete grey models and its equivalent models [J]. Journal of Xihua University



« Natural Science, 2011,30(1): 79-82. (in Chinese) [12]Ffa s, Biels. KRG HR AR B & VP& TR R [J]. vH$;
AK,2008, 28(4): 19-21. CHEN S T, WEI Y T. Application of grey system theory to evaluation of uncertainty of
measurement [J]. Metrology & Measurement Technology, 2008, 28(4): 19-21. (in Chinese) [13]ZHANG F, ZHU Q D. On
improved calibration method for the catadioptric omnidirectional vision with a single viewpoint [J]. Multimedia Tools and
Applications, 2011, 25(1):77-89. [14]KAPTEINA B L, SHELBURNEB K B, TORRYC M R, et al.. A comparison of calibration
methods for stereo fluoroscopic imaging systems [J]. Journal of Biomechanics, 2011, 13(44): 2511-2515. [15]CARLOS R
V, ANTONIO-JOS S S. Using the camera pin-hole model restrictions to calibrate the lens distortion model [J]. Optics &
Laser Technology, 2011, 43(6): 996-1005. [16]TSAI R Y. A versatile camera calibration technique for high-accuracy 3D
machine vision metrology using off-the-shelf TV cameras and lenses [J]. IEEE Journal of Robotics and Automation,
1987, RA-3(4): 323-344. [1TI5pG M, T, 4. SR EREE Gt A% D] b3 Kiss 172,2012, 20(1): 157-164. SUN Z L,
WANG ZH, LI M. Image test system for gun stabilization accuracy [J]. Opt. Precision Eng., 2012, 20(1): 157-164. (in
Chinese) [18]LEE J H, CHANG P T. A survey and numerical comparison of factor-free penalty function constraint-
handling techniques in genetic algorithms [J]. Journal of the Chinese Institute of Industrial Engineers, 2012, 29(1): 61-
86. [19]3ku4, 4 k5, k5. Nonmetric calibration of camera lens distortion [J]. Jy2%2%4;,2008, 28(8): 1552-1557. ZHANG

J, ZHU D Y, ZHANG ZH Y. Dummy solid camera calibration technology using genetic algorithm [J]. Acta Optica Sinica,
2008, 28(8): 1552-1557. (in Chinese)

ESTEUOES Ve
AR B R S LI e R D). SR TR, 2013,21(9): 2217-2224
MRkl BRACH el JPE et A5 AL AEHL IR 22 40T D). S T, 2013,21(5): 1349-1356
FLM bRy St AR KAL) SO B A R i R 2 2 oy T ] ek TR, 2012,20(9): 2014-2020
HEGRSC, T W], WA R S R T AR & i Fbe D] e TR, 2012,20(9): 1960-1966
NEE TR JEHRSE, 2 A PR SR SR RS 4 D] Y2k es TR, 2012,(8): 1838-1845
g IR, 9 O RO RS T S R D] ek TR, 2012,20(3): 514-519
JRL, EENZE, RKSE, TR HET G S 8 F L R G M AR S D] SRy 1R, 2012,20(12): 2796-2803
W, BERMR, 2% S A I P AT 2R (g ) R S AR SR TR, 2012,20(10): 2293-2299
P IR, 4 AT T R S AL BE A SR P 4 B R bR D). e TR, 2012,20(1): 124-130
- ABLRST, FEE, XA ARERA M LT L AR R TR R R R D] ik UR, 2011,19(8): 1787-1793
OARARST TR HEA ARG WAL AR R R R RS D] JeRE TR, 2011,19(8): 0-0
o ARR AR AR B DU DL i S e R e U A2 LI Dl R, 2011,19(7): 1620-1626
- RBAERE, SRAEIE TR A B E I R iR D] Sk R, 2011,19(5): 1110-1117
SUNZE, SRZIL, W05, T 9ais g it RGBT R e o0 D). Skt 107, 2011,19(4): 717-727
15, SRS WA Ak T, MR R T CAL R R U HE I L ] %K% 1R, 2011,19(4): 870-877

© 0 N o o b~ W N P

I = S Y
A W N B O

Copyright by 2k T2



