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Abstract: Self-localization is the premise of navigation and other intelligent behavior for mobile robot. This paper proposes
a kind of binocular vision odometer based on the bundle adjustment method. The feature point set is matched based on
the point pattern matching method, and the corresponding 3D coordinate is calculated through 3D reconstruction. Then,
the relative motion parameter is optimized through segmenting the image sequence into several subsequences according to
overlapped regions. The performance of the binocular vision odometer does not depend on the count of rotating shaft, so that

the effect of wheel radius, idle running and wheel slipping on the measurement precision can be avoided, and the relative

positioning accuracy is higher.
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F2 HBEANENELEHESNEHIE
s PR 0/(°) XH MEAE (0, error)/(°) BA XUH M &EAH (6, error) /(°)
1 1.18 1.16, —0.02 1.17, —0.02
5 5.32 5.48,0.16 5.48,0.16
9 4.47 4.67,0.20 4.67,0.20
13 3.25 3.21, —0.03 3.33,0.09
17 2.17 2.26,0.09 2.36,0.19
21 1.13 1.18,0.05 1.32,0.19
25 0.39 0.44,0.04 0.71,0.31
A HL3E AR A 58 om 1B JEiZ 5 2 1B, HLas — S
N ZHER 729 cm, FERI 500 4L £ 4R, 78 A1 ! = {:
&1 9 43 3 Sy 3 Bl B 11 o B R 48 25 O R AR 2. A ol
TR T ML B R BRI 2, %63 M A48t T g v
13 0 565 2 P 5 ) % B 4 355 3 5718 WU 504 (%) 50148 o
AR LD S L R Tl ST 2 0 R ol NS
R SE I EOE). FEZ SN, S H S AR A M Ml
B S 12.82 cm, B AE N 22.81 em, K75 0 0 10010
R ZESME N 0.29°, B ORAE N 0.94°; XUH ML A2
T BRI A 1273 em, B K{E 9 25.81 cm, B4
WA 22 (84 0.69°, BLAAE M 1.96%; Yol F 22754k
Ao X AL R L I R 25 E 9 5.51 em, % g
R ZE A 10.88 om, AR5 25 B0 A 1.22°, Bk {kg
8} 2.39°. g

)
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*3 HNBRAEREHE 2 BUENEHE

F5  SEPRALE (@, y)/em

X H W EAE (x, y, error)/cm

BA X HWMEAE (z, y, error)/cm

39 —3.33,-0.72
41 7.82,15.04

43 23.12, 25.69
45 42.13,31.65
a7 60.15,30.91
49 76.27,24.44
51 91.65,12.23

2.64, —11.46,12.29
14.18,3.56,13.13
27.65,13.61, 12.90
50.62,21.12,13.52
68.47,17.65, 15.66
81.66,9.52, 15.87

99.61, —3.14, 17.31

2.12,2.01,6.10
14.49,16.11,6.75
31.25,26.13,8.14
49.35,32.55,7.27
66.70,31.34, 6.57
81.34,24.96,5.10

97.41,12.72,5.78

x4 HBAEREHE 2 BESNELKSE

F5 SERREEAE6/(°)

XH W EAE (0, error) /(°)

BAXUH A (6, error)/(°)

39 —9.93 —9.77,0.16 10.80,0.87
41 —29.01 —28.59,0.42 30.18,1.17
43 —46.92 —46.53,0.40 48.13,1.20
45 —66.56 —65.89,0.67 67.87,1.31
47 —86.09 —85.62,0.47 87.53,1.44
49 —104.31 —103.62,0.69 105.45,1.14
51 —123.63 —122.78,0.85 125.01,1.38

g 8, T T @ s A T R O 12 B3 A K
(9% 4=PopkRaR~E SiDEACEINGESS 73 c 3
LhaA> o, B H AL sE i s il vt BT 8 AN 2R Ak
BN AR AR I 8 NS B, b i F S 8 S HAt
SRR S VEAN R, 1078 220 T 2252 211 T A
AT R 0 AL Bk 4 X B
ARG 1242000, B 6 28 RADEHRE 2
o Bb s flivh o, 2 Wi & RN 2 51014,
BTN TRE s L T, R e AR
LA R 2 G I R SR BURFIE R R H

B 10 st IRAHE AR

4 4 »
RS R T 2T B T A (93 3 ik 17 185 00
i AR SCE. e F sURE AT AT 77 v 3 ST PG 0 F
VTR 5% 2 I e ) B4 22 W22 1 A7 7 B B [X X
— AR, ST B RE B S 3 5 0R = 4 5 AL b
[N AT R4k, DA 3E— 4 AR = o T8 S 4 22 0 £k 15
RIS, 28t T AL I R 0 TP 25 5 I i
it T BT A5 SRR AL bR 2R AR X 32 3 % 10 R
EIHLEE NGB B) AR RR R S S, WIS Sh Bk

T ERETE. fea, X H BARTE SR = 4E O
BT HE BAE T, LA ZIE AL X H
HURETE B ALRE REHEAT T L, SRR, DB 2Tk
BUH AL B B AT B R R RS . AR R
FERRAE T ) = AL & AALSE LA T M F R A E .

£ Wk (References)
[1] Gyaourova A, Kamath C, Cheung S C. Block matching for

object tracking[R]. Livermore CA: Lawrence Livermore
National Laboratory, 2003.

[2] Horn B, Schunck B. Determining optical flow[J]. Artificial
Intelligence, 1981, 17(1/2/3): 185-204.

[3] Lucas B, Kanade T. An iterative image registration
technique with an application to stereo vision[C]. Proc of
Imaging Understanding Workshop. San Francisco, 1981:
121-130.

[4] Campbell J, Sukthankar R, Nourbakhsh I. Techniques for
evaluating optical flow for visual odometry in extreme
terrain[C]. IEEE/RSJ Int Conf on Intelligent Robots and
Systems. Pittsburgh, 2004, 4: 3704-3711.

[5S] Sanada A, Ishii K, Yagi T. Self-localization of omni-
directional mobile robot using silicon retina based optical
flow sensor[C]. World Automation Congress(WAC).
Hukuoka, 2010: 1-6.

[6] Song X, Seneviratne L, Althoefer K. A Kalman filter-
integrated optical flow method for velocity sensing of
mobile robots[J]. IEEE/ASME Trans on Mechatronics,
2011, 16 (3): 551-563.



1944 = Ll * R % 31 %
[7] Agrawal M, Konolige K. Rough terrain matching[C]. European Conf on Computer Vision.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

visual odometry[DB/OL]. https: // www. researchgate. net/
publication /228958153 _Rough_terrain_visual_odometry.
Garcia-Garcia R, Sotelo M A, Parra I, et al. 3D visual
odometry for road vehicles[J]. J of Intelligent & Robotic
Systems, 2008, 51(1): 113-134.

Fang H, Yang M, Yang R Q, et al. Ground-texture-based
localization for intelligent vehicles[J]. IEEE Trans on
Intelligent Transportation Systems, 2009, 10(3): 463-468.
Comport A I, Malis E, Rives P. Real-time quadrifocal
visual odometry[J]. Int J of Robotics Research, 2010,
29(2/3): 245-266.

De X, Liwei H, Min T, et al. Ceiling-based visual
positioning for an indoor mobile robot with monocular
vision[J]. IEEE Trans on Industrial Electronics, 2009,
56(5): 1617-1628.

Jiaolong Y, Lei C, Wei L. Monocular vision based
robot self-localization[C]. IEEE Int Conf on Robotics and
Biomimetics. Beijing, 2010: 1189-1193.

Konolige K, Agrawal M, Sola J. Large-scale visual
odometry for rough terrain[J]. Robotics Research, 2011,
66: 201-212.

Moravec H. The cmu rover[C]. Proc of the National Conf
of Artificial Intelligence. Pittsburgh, 1982: 377-380.
Nister D, Naroditsky O, Bergen J. Visual odometry[C].
IEEE Conf on Computer Vision and Pattern Recognition.
Washington, 2004, 1: 652-659.

Milella A, Siegwart R. Stereo-based ego-motion estimation
using pixel tracking and iterative closest point[C]. IEEE Int
Conf on Computer Vision Systems. New York, 2006: 21-
22.

Shi J, Tomasi C. Good features to track[C]. IEEE Conf on
Computer Vision and Pattern Recognition. Seattle, 1994:
593-600.

Besl P, McKay H. A method for registration of 3-D
shapes[J]. IEEE Trans on Pattern Analysis and Machine
Intelligence, 1992, 14(2): 239-256.

Nguyen V, Jeong M, Ahn S, et al. A robust localization
method for mobile robots based on ceiling landmarks[C].
Int Conf on Modeling Decisions for Artificial Intelligence.
Kitakyushu, 2007: 422-430.

Smith S, Brady J. SUSAN-A new approach to low level
image processing[J]. Int J of Computer Vision, 1997, 23(1):
45-78.

Agrawal M, Konolige K, Blas M. Censure: Center

surround extremas for realtime feature detection and

(22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

Marseille, 2008: 102-115.

Won D H, Chun S, Sung S, et al. Improving mobile robot
navigation performance using vision based SLAM and
distributed filters[C]. Int Conf on Control, Automation and
Systems. Seoul, 2008: 169-174.

Munguia R, Grau A. Monocular SLAM for visual
odometry[C]. IEEE Int Symposium on Intelligent Signal
Proc. Alcala de Henares, 2007: 443-448.

Pink O, Moosmann F, Bachmann A. Visual features for
vehicle localization and ego-motion estimation[C]. IEEE
Intelligent Vehicles Symposium. Xi’an, 2009: 254-260.
Williams B, Reid I. On combining visual SLAM and visual
odometry[C]. IEEE Int Conf on Robotics and Automation
Anchorage. Alaska, 2010: 3494-3500.

Hwang S Y, Song J B. Monocular vision-based SLAM in
indoor environment using corner, lamp, and door features
from upward-looking camera[J]. IEEE Trans on Industrial
Electronics, 2011, 10: 4804-4812.

Lee Y-J, Yim B-D, Song J-B. Mobile robot localization
based on effective combination of vision and range
sensors[J]. IntJ of Control, Automation and Systems, 2009,
7(1): 97-104.

Jwu-Sheng Hu, Ming-Yuan Chen. A sliding-window
visual-IMU
geometry[C]. 2014 IEEE Int Conf on Robotics and
Automation(ICRA). Hong Kong, 2014: 3963-3968.

Guo C X, Mirzaei F M, Roumeliotis S I. An analytical

odometer based on tri-focal tensor

least-squares solution to the odometer-camera extrinsic
calibration problem[C]. 2012 IEEE Int Conf on Robotics
and Automation(ICRA). St Paul, 2012: 3962-3968.

Guyue Zhou, Jiaxin Ye, Wei Ren, et al. On-board inertial-
assisted visual odometer on an embedded system[C]. 2014
IEEE Int Conf on Robotics and Automation(ICRA). Hong
Kong, 2014: 2602-2608.

Yu-Cheol Lee, Seung-Hwan Park. 3D map building method
with mobile mapping system in indoor environments[C].
2013 16th Int Conf on Advanced Robotics(ICAR).
Montevideo, 2013: 1-7.

Han J, Kamber M. Data mining:
Morgan Kaufmann, 2006:

Concepts and
techniques[M]. Burlington:
191-257.

(GritsmiE: F3KX)



