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Obstacle-surmounting Mechanism and Capability of
Four-track Robot with Two Swing Arms

LI Yunwang, GE Shirong, ZHU Hua, LIU Jian
(School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: For performing the best obstacle-surmounting capability of four-track robot with two swing arms, obstacle-
surmounting mechanism of the four-track robot with two swing arms and its capabilities of surmounting obstacles, includ-
ing step and slope-climbing, and channel-crossing, are analyzed from the viewpoint of kinematics based on the obstacle-
surmounting mechanism of the fixed two-track robot. Its motion mechanism and maximal obstacle-surmounting capability
of step-climbing forward and backward are mainly analyzed. Taking CUMT-II coal mine exploring robot prototype as an
example, three dimensional relationship diagrams of the step height, the elevation angle and arms’ swing angle are drawn
and the relation curves of slope gradients and the swing arms’ swing angles are drawn. The theoretical value of maximal
obstacle-surmounting capabilities of the prototype are obtained and compared with the test results. And the best obstacle-

surmounting performance and the corresponding centroid and swing arm positions are deduced. This paper would provide

theoretical basis for centroid position control in obstacle-surmounting process.
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Fig.1 Step and slope-climbing of the tracked locomotion

mechanism
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Tab.1 The maximum step heights and the elevation angles corresponding to various centroid positions
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Fig.11 Three dimensional relationship diagrams of the step

height, the elevation angle and the arms’ swing angle
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Fig.12 The theoretical and test values of maximum

obstacle-surmounting capability of the robot prototype
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5 4#5i% (Conclusions)

(1) MIBBN A B, A ] e XU A L N\ e
BUHE IR b, 23 B DU JBE s R LA ) s L
. AN AL S, HABEEE AR S, 50
I R PR O B T 42

(2) o3 b1 T VU8 7 AR HLA N O 5 B B
P VE BB LR, B AT T LA IE 7 R R
) 2 5 i B LR, DL CUMT-IT 2™ PR
PLEs NFENL A B 2260 T HLEs N A SRS 45 51
A R = HIRR 3 B EIE; JFsRk i s Ok
Refe )y, 15 S = ) SEIME AT X L AT

(3) T LA N ) g A B i M B S 6 Y. 1) o
CFIHRRE A E, AL AR I 5T 1 4 1l
AL T B AKHE .

S %2k (References)

[1] iRobot Corporation. Small Unmanned Ground Vehicle (SUGV)
[EB/OL]. (2008-05-12) [2009-03-18]. http://www.irobot.com/
sp.cfm?pageid=219.

[2] Chiba Institute of Technology. Hibiscus, The New Rescue
Robot[EB/OL].  (2006-06-05) [2009-03-18]. http://www.
techfresh.net/hibiscus-the-new-rescue-robot.



32 4555 2 W

2 FUMESE DU JBE AT XU AL o AR LB 2 e 165

3] MRl 2N, F&, & BRI s Les
NEFE T (0], HLES A, 2004, 26(1): 35-39.

Xin Jianguo, Li Xiaofan, Wang Zhong, et al. Performance anal-
ysis of track-leg mobile robot in unstructured environment[J].
Robot, 2004, 26(1): 35-39.

[4] Chen C X, Trivedi M M. Reactive locomotion control of
articulated-tracked mobile robots for obstacle negotiation[C]//
IEEE/RSJ International Conference on Intelligent Robots and
Systems. Piscataway, NJ, USA: IEEE, 1993: 1349-1356.

[5] Choi B S, Song S M. Fully automated obstacle-crossing gaits
for walking machines[J]. IEEE Transactions on Systems, Man
and Cybernetics, 1998, 18(6): 952-964.

[6] LiulJ G, Wang Y C, Ma S G, et al. Analysis of stairs-climbing
ability for a tracked reconfigurable modular robot[C]//IEEE In-
ternational Workshop on Safety, Security and Rescue Robotics.
Piscataway, NJ, USA: IEEE, 2005: 36-41.

fEEE N
ZEARME (1980-), 5, Wi+A. FssiE: LA, R
THA LR %, 1L,
B#R (1963-), T, {1, HI%. W7ok faplasA,
OMEL .
A A 1961-), 5, L, Bz, wHFTAUR: RPN,
RORHA Ghete, BEAE

R 156 7O

[6] Tetsuya M, Haruhisa K, Keisuke Y, et al. Anthropomorphic
robot hand: Gifu Hand III[C]//International Conference on Con-
trol, Automation and Systems. 2002: 1288-1293.

[71 LiuH, Wu K, Meusel P, et al. Multisensory five—finger dexter-
ous hand: The DLR/HIT Hand II[C]//IEEE/RSJ International
Conference on Intelligent Robots and Systems. Piscataway, NJ,
USA: IEEE, 2008: 3692-3697.

[8] Ren L, Mills J K, Sun D. Convex synchronized control for a 3-
DOF planar parallel manipulator[C]//IEEE International Con-
ference on Robotics and Automation. Piscataway, NJ, USA:
IEEE, 2006: 1129-1134.

[9] Sun D. Position synchronization of multiple motion axes with
adaptive coupling control[J]. Automatica, 2003, 39(6): 997-
1005.

[10] Song G, Cai L, Wang Y. Robust friction compensation for pre-
cise and smooth position regulation[J]. Proceedings of the Insti-

tution of Mechanical Engineers, Part I: Journal of Systems and
Control Engineering, 1999, 213(2): 157-161.

[11] Jiang L, Liu H. Autonomous control of multi-fingered hand[J].
Progress in Natural Science, 2006, 16(5): 531-537.

[12] Jiang L, Sun D, Liu H, et al. Study on inverse kinematics and
trajectory tracking control of humanoid robot finger with non-
linearly coupled joints[C]//IEEE International Conference on
Mechatronics and Automation. Piscataway, NJ, USA: IEEE,
2007: 3214-3219.

fEEE T
2 R (1980, B, #d/E. wFvsisk: G ABLI/R
T.
R (1977, B3, Hli-d, dhif. wFoesiisd: gh ABZ£ 4R
RIGF.

MR (1975-), U3, Tt BFFToik: BEELEsA.



