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The measurement error influenced by the camera tiny shaking including translation, rotation and the
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combination in the stereo measurement are analyzed. The correction method of camera shaking based on the theory
of photogrammetry is proposed, using control points in scene and the measurement error by calculating the camera
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an unstable platform to reduce the effect of camera shake.
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pose with corrected pose estimation. Simulation results show that, with the tiny shaking, the camera translation

makes the measurement errors increase linearly, while the rotation makes the errors grow quadratically

(=]

150.0155; 140.1488; 120.6085

projection error in the object space is less than 1 mm with short distance measurement and proper arrangement of
four control points, and it gradually falls below 0.55 mm with the increase of control points number. Simulation
OCIS codes

experiment verifies the reliability of the correction method, and this method can be used in stereo measurement on

. The re-
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Fig. 1 Principle of stereo-measurement
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Table 1 Camera intrinsic parameter

(F,.F,) (C..C)
Left camera (4581.849,4580.543) (1034.658,533.974)
Right camera (4597.184,4593.882) (1027.393,537.249)
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Table 2 Camera external parameter

e T /mm
Left camera (1.4733,1.2907,—0.7116) (—0.9851,1.3590, —0.0406)
Right camera (1.8091,0.6235,—0.3035) (0.9174,1.6178,—0.1669)
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Table 3 World coordinates of points

Point X /mm Y /mm Z /mm
P, —2115.8 1351.4 597.9
P, —2093.7 1336.6 558.0
P, —2086.4 1352.1 524.2
P, —2105.3 1326.5 523.4
P; —2088.1 1333.0 500.2
P —2074.3 1348.8 488.5
P, —2106.8 1306.3 476.9
Py —2119.2 1284.6 462.7
P, —2051.8 1371.5 470.2
Py —2080.2 1330.8 455.0
P —2125.0 1266.3 439.8
P, —2028.3 1386.8 445.5
P —2101.8 1297.7 418.7
Py, —2074.0 1327.3 422.1
Py —2048.9 1363.2 416.3
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Fig. 4 Distribution of control points
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Fig. 5 Measurement error versus the number of control points.
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(a) Translating left camera by 5 mm;

(b) translating both left and right cameras by 5 mm; (c) rotating left camera by 0.1 rad;

(b) rotating both left and right cameras by 0.1 rad
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Fig. 6 Experimental scene
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Fig. 7 Comparison between measurement and the true value with the corrected pose parameters

4 SEEGEE ST

P &1 2 A 0 1 2 B A5 Tl T B S 3 3 I S R PR L AR X R AR AR L Y R
5 mm W, IS R 22 4R 0T 7.5 mm; 7E Z Bl )52 0 g5 0 8 25 B AR B MRS YT . ARAIL Y T i S B
e I 5 22 R TER/ Y SR B IR EE TR AR Ak i 2 i i RO R AR SRR Ak LU R BURR . TET B AR
ER LR Y B ) S 2 D & iR 22 d K, Y sl 0.1 rad B, R 2583 350 mm,

XF TR 53l . Z By ) Sy AL BE O 1] OGO AR T ) 8BS 3l X St TR A5 A A 1 5 e R B R ALk
Z 7 7% 5 S0k I 15 22 A S e RN s T AE XY FTEN D60 19 7% 3l X 50 AR A5 s 07 8 i 22 50K
W IR 2R OR . R TR S8 Bl o ARATL 8 25 1 Bl IS RO 2 S B0 S 2 2R I I U M K PR BN 1 e
e S& Bl A% 33 B I e K TR B W Jr 25 ) 23 5 RO 1 I 6158 22

PP 5 AT A S )P A ) O AR BILE AT 07 28 1, AT B a3l 6, AT D) b RN AR 22 s R R
Z B4 i DR R SR AR 22N 7.5 mm JE/NE 0.55 mm PLUF CEERERE T AR 22 A 350 mm /N E
0.55 mmPIF,

B 7 A5 R AL B S A MBS I H A 45 RS AR R W) & Bk 1 5 BL45 R Y IE
Bk . PG FEAR S AR, G B T A TR R AR A 0 RS EE HT X AR AL AL 2 oK A , T LU
2 385 DO IRV 1L 1 7

101504-6



53, 101504(2016) BHSNBEIZHE www.opticsjournal.net

5 %% e

S AR A R L AH L BN S Bl 2 2 T 5 SR SR AR KR 25, U HOR ERE 56 B L 5 355 0 A L
A5 ASE 2 Ak 3 18 T X AR ML ASE 48 2 B0 A 8 IE RT DA 503 o A BIL 5 3y R 52 i) o 0 o 152 25 BE 8 PR (IR &2
0.55 mm AT HOKS BE &y, X 5236 09 T4/ By e,

RS S sl % ) R 1R 25 118 5 M S 2 ) T A SR sl X 0 15 2 114 S ) 2k S S BE 1 R BRI FE TN
ST . R 2 it AN K A S et B LB R E K . T34, GRS A A R TS Y TP R AR SO N
Jok Pt i R R A L 2 R HAE R O B ARG 0 SRR B SRR R RS B B R A AR R B

Z £ x M

1 Cui Hongxia, Wang Hongyan, Liu Jiaqi, et al. Calibration and quantitative evaluation for a low-cost stereo-camera
system[J]. Laser & Optoelectronics Progress, 2016, 53(2): 021503.
FEZLEE, EuE, XU, 5. —FRRUAR SR BRI R G bR FE M L] . oG 5ots 73R, 2016, 53(2):
021503.

2 Li Mingjin, Xiong Xianming, Zhang Shaobing. A novel method of camera calibration based on OpenCV[J]. Laser &
Optoelectronics Progress, 2009, 46(12): 99-102.
ZH &, BEA, KA. —MIET OpenCV BRR LR & B 07 2% (1] . WOL S5 7243, 2009, 46(12): 99-102.

3 Lai Hanxuan, Zhang Zhengyu, Zhu Long, et al. Nonlinear distortion correction of camera based on linear characteristic
[J]. Laser &:()ploekmlronkﬁ Progress, 2016, 53(2): 021502.
WO, SKIET, K b, F ETHRNFEMREIAELERZRKIED]. #Ot56h FEIER, 2016, 53(2):
021502.

4 Zhu Jigui, Zou Jian, Lin Jiarui, et al. Error-compensation algorithm with high-accuracy for photographic image
processing[J]. Acta Optica Sinica, 2012, 32(9): 0912004.
AAkTE, AR B, MR, SF. BRI ER A BAY mORE IR R AMER L [T OB, 2012, 32(9): 0912004,

5 Long Changyu, Zhu Jigui, Guo Yin, et al. Study on close-range photogrammetry based on non-parameteric measurement
model[J]. Acta Optica Sinica, 2014, 34(12): 1215004.
BEE S, MAkSt, ¥ 6, 5. JETIRESBON AR AL A BE I i 7 kRO (] OB R, 2014, 34(12): 1215004,

6 Zhang Zhengyu, Huang Xuhui, Yin Jiang, et al. Progress of videogrammetric measurement techniques for high speed
wind tunnel test[]J]. Journal of Experiments in Fluid Mechanics, 2015, 29(2): 1-7.
SRAET, PR, J¢ 8, 5. R R b A I R R 0] . SRR AR T4, 2015, 29(2): 1-7.

7 Zhang Zhengyu, Yu Bo, Huang Shijie, et al. Videogrammetric measurement of attack angle and its precision investigation
in wind tunnel tests[J]. Journal of Experiments in Fluid Mechanics, 2013, 27(1): 88-91.
SRAESE, M Bk, BERERE, S XU U bR A Y B B RO BE R Y D] eI AR I, 2013, 27(1): 88-91.

8 Yu Qifeng, Shang Yang, Fu Sihua, et al. Development of videometrics for large-scale structual deformation and
topography measurement[]J]. Journal of Experimental Mechanics, 2011, 26(5): 479-490.
TR, wooE, KB, 5 RBIEHAIE ML S BRI B BORBE IR [T]. Si8 157, 2011, 26(5): 479-490.

9 Zhang Yuan, Wang Zhigian, Qiao Yanfeng, et al. Attitude measurement method research for missile launch[J]. Chinese
Journal of Optic, 2015, 8(6): 997-1003.
ik, R, B0, S SRR R T RS )], hEDE, 2015, 8(6): 997-1003.

10 Yu Qifeng, Shang Yang. Videometrics: Principles and researches[M]. Beijing: Science Press, 2009: 25-31.
TR, ¥ . BRI 2 RS AR (M. db s Bl ARAE, 20090 25-31.

11 Sharma V, Barnum P C. Camera pose estimation: US9237340[P]. 2016-1-12.

12 Li Xin, Long Gucan, Liu Jinbo, et al. Accelerative orthogonal iteration algorithm for camera pose estimation[]J]. Acta
Optica Sinica, 2015, 35(1): 0115004.
2 &, e, XV, A& ORALALE AR TR E E SRR [T JeSE A, 2015, 35¢1): 0115004,

13  Xu Yunxi, Jiang Yunliang, Chen Fang. A generalized orthogonal iterative algorithm for pose estimation of multiple
camera systems[J]. Acta Optical Sinica, 2009, 29¢(1): 72-77.
WRE, R, k. ZBEIARSMEMIYT LIEAZERRARD]. %M, 2009, 29(1): 72-77.

101504-7



53, 101504(2016) BHSNBEIZHE www.opticsjournal.net

14

16

Yang Ahua, Li Xuejun, Liu Tao, et al. A robust method for camera pose estimation[]]. Journal of Equipment Academy,
2014, 25(1): 88-94.

BbAe, 2 X W, S RN S BT O IR ] A B, 2014, 25(1): 88-94.

Li Xin, Zhang Yueqiang, Liu Jinbo, et al. A direct least squares method for camera pose estimation based on straight line
segment correspondences[J]. Acta Optica Sinica, 2015, 35(6): 0615003.

A g%, SRERDE, XMW, 4F. BT B BOW A AR L. A T B R oD TRk ] S EE R, 2015, 35(6): 0615003,
Hartley R, Zisserman A. Multiple view geometry in computer vision[ M]. Cambridge: Cambridge University Press,

Second Edition, 2004 .

101504-8



