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Workspace Analysis of a Six-legged Robot Based on Group Theory

WEI Wu, YE Chuntai, YUAN Yinlong
(School of Automation Science & Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: For the complicated structure of a six-legged robot, a simplified model is proposed to transform the robot
legs into slid links using the constraint under equivalent conditions. By this way, the reachable workspace and orientation
workspace of the simplified model are defined based on the motion constraint equations. Then the symmetry relationship
between initial states and workspace is emphatically analyzed based on the motion constraint model and group theory. To
compute and quantify the workspace of the robot, a hierarchical searching method is used. By simulation data, the changes of
the workspace with different parameters are analyzed, the workspaces of the robot under different initial states are compared,
and the orientation workspace of the motion platform and its cross section are also shown. As shown in analysis and simu-
lation, the workspace of complicated parallel mechanisms is analyzed in detail by a constraint model based on group theory,

and the detailed information of workspace symmetry, orientation workspace and cross section is obtained.
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Fig.2 Simplified structure of a single leg link
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Fig.4 Projection of a robot state on the base plane
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8 #5i2 (Conclusion)

AR — MR T B XS LA N TAEZS (A
AT M i 77, 8 ST E 2 B TR A AR AL 5 A
Ingy il 1 iash S B i 2. F2 H — Mok g
BN TTE, ZI7VEE SR TG EOM AR A i
LR, ARER S IR RS 3 A (R AT 3R
fife. IR0 FLSEEE B 2T S, fEIREK
HLAS ANV SE i) B SRR M R SEAE L, SR X RR B
FAE, A BIHLEE ARSI FRE v E T is
FrF GiE s B AT RRME, 45 A 07 B 45 Rtz s 6
AT 3T, R IEERALAS N 38 3075 18] 73 A1 W FR 1 B
FEA—ERNETE .

XHE B A CELHE ATk 28 (A R 245 25 1R)) A0
AT T A, P HLES N S BT 84 T B R B Bl 45 il
BAEER, s sh 2 [/ K715 M B i A 5
IR AR TR b RO LSS A RA EE MR TR
X.

2EHk (References)

[1] Merlet J P, Gosselin C M, Mouly N. Workspaces of planar par-
allel manipulators[J]. Mechanism and Machine Theory, 1998,
33(1/2): 7-20.

[2] Merlet J P. Determination of 6D workspaces of Gough-type
parallel manipulator and comparison between different ge-
ometries[J]. International Journal of Robotics Research, 1999,
18(9): 902-916.

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

AL, KA, FEFEE, . Delta RIIFNLZE ATF
HRESDURI. HLEEA, 2014, 36(3): 375-384.

Feng L H, Zhang W G, Gong Z Y, et al. Developments of Delta-
like parallel manipulators — A review[J]. Robot, 2014, 36(3):
375-384.

WA, fL&E, TR JRERHLEE AN 2 500 I 4%
HIM]. Jeit: HUR DL, 1997

Huang Z, Kong L F, Fang Y F. Mechanism theory and control
of parallel robots[M]. Beijing: China Machine Press, 1997.
Innocenti C, Parenti-Castelli V. Forward kinematics of the gen-
eral 6-6 fully parallel mechanism: An exhaustive numerical ap-
proach via a mono-dimensional-search algorithm[J]. Journal of
Mechanical Design, 1993, 115(4): 932-937.

EM, BEE, AR, & BAONE B EIFRLE AL
TR T HUBCRE 2 5 HOR, 2007, 26(4): 528-531,
536.

Wang P, Duan Z S, He L L, et al. Analysis of workspace of a
novel 6-DOF parallel robot[J]. Mechanical Science and Tech-
nology, 2007, 26(4): 528-531,536.

PR, B, RS, % RIS ERI G
B R 5882 0. HLAEA, 2016, 38(2): 135-
143.

Chen Y H, Zhao T S, Song X X, et al. Analysis of DOF prop-
erties and kinematics for variable configuration parallel multi-
dimensional vibration platform[J]. Robot, 2016, 38(2): 135-
143.

EarE, RHME, B, S KT 333 BRI
NS LR HERWED). 25 50, 1998, 1308):
459-463,468.

Wang Z Q, Zhang X D, Cui J J, el al. Study for the direct dis-
placement problem of a class of 3-3 parallel manipulator[J].
Control and Decision, 1998, 13(s): 459-463,468.

Tahmasebi F, Tsai L W. Workspace and singularity analysis
of a novel six-DOF parallel minimanipulator[R]. College Park,
USA: Institute for Systems Research, 1993.

Masory O, Wang J. Workspace evaluation of Stewart platforms
[J]. Advanced Robotics, 1995, 9(4): 443-461.

Bonev I A, Ryu J. A new approach to orientation workspace
analysis of 6-DOF parallel manipulators[J]. Mechanism and
Machine Theory, 2001, 36(1): 15-28.

Saputra V B, Ong S K, Nee A Y C. A swarm optimization ap-
proach for solving workspace determination of parallel manip-
ulators[J]. Robotica, 2015, 33(3): 649-668.

Pernkopf F, Husty M L. Workspace analysis of Stewart-Gough-
type parallel manipulators[J]. Proceedings of the Institution of
Mechanical Engineers, Part C: Journal of Mechanical Engineer-
ing Science, 2006, 220(7): 1019-1032.

Lee T C, Perng M H. Analysis of simplified position and 5-DOF
total orientation workspaces of a hexapod mechanism[J]. Mech-
anism and Machine Theory, 2007, 42(12): 1577-1600.

Jin Y, Chen I M, Yang G L. Workspace evaluation of ma-
nipulators through finite-partition of SE(3)[J]. Robotics and
Computer-Integrated Manufacturing, 2011, 27(4): 850-859.

CN#E55 539 1)



238 B 5

WA, & BT/ ARG EIER T B RN U g T % 539

(1) X LB (1) ia sh = A Eh /) 2 ks, R
JE A VAR FEIEAR S &, Ut T BB
A EBEEM AN RSN, @ YR Ty
T, SRME T TUARNUE 018 m) 3l 75
(2) ff P T P T SR MU 2, {4341
PR R A AE AT 2 i T [ SE S I 2 A B AR
(3) FI FHAE 3 A bR R T A B 52 45 1 a5 )
& a1 R N CTE P S S E AR DA il
R, A R mILEE AR A B SR T
W ).
2E 3k (References)

(1] EX. PLEAEML dest: EERYHAAL, 2002,
Cai Z X. Robotics[M]. Beijing: Tsinghua Press, 2002.

21 #HHER. AEHEEM]. SR dba: B R,
2007: 471-472.

Hu S S. The principle of automatic control[M]. 5th ed. Beijing:
Science Press, 2007: 471-472.

31 EM, B0, Wi, £ ETHUWME RS IR
AEWRBFLZRERID] PN, 2015, 37(1): 25-
34.

Wang M, Huang P F, Chang H T, et al. Coordinated attitude con-
trol of combined spacecraft based on estimated coupling torque
of manipulator[J]. Robot, 2015, 37(1): 25-34.

[4] ZhouD S, JiL, Zhang Q, et al. Practical analytical inverse kine-
matic approach for 7-DOF space manipulators with joint and
attitude limits[J]. Intelligent Service Robotics, 2015, 8(4): 215-
224.

[S] Tarokh M, Zhang X M. Real-time motion tracking of robot ma-
nipulators using adaptive genetic algorithms[J]. Journal of In-
telligent & Robotic Systems, 2014, 74(3-4): 697-708.

[6] Luo R C, Lin T W, Tsai Y H. Analytical inverse kinematic
solution for modularized 7-DoF redundant manipulators with
offsets at shoulder and wrist[C]//IEEE/RSJ International Con-
ference on Intelligent Robots and Systems. Piscataway, USA:
IEEE, 2014: 516-521.

[71 Eigsm. MR )/ AL E IR G HI T A D] EIR: =
RKZ, 2013.

Qin H Q. Research on hybrid force and position control of ma-
nipulator[D]. Chongqing: Chongqing University, 2013.

[8] Rivas B, Bauzano E. Force-position control for a miniature cam-
era robotic system for single-site surgery[C]//IEEE/RS]J Inter-
national Conference on Intelligent Robots and Systems. Piscat-
away, USA: IEEE, 2013: 3065-3070.

[9] Naveen K, Vikas P. Neural network based hybrid force/position
control for robot manipulators[J]. International Journal of Pre-
cision Engineering and Manufacturing, 2011, 12(3): 419-426.

[10] Toz M, Kucuk S. Dynamics simulation toolbox for industrial
robot manipulators[J]. Computer Applications in Engineering
Education, 2010, 18(2): 319-330.

[11] BR3F. HUWOE RIS 28T D). M /RiE: /R LR
%, 2007.

Chen X. Study on the dynamics of manipulator[D]. Harbin:
Harbin Engineering University, 2007.

fEEET:
w4 (1983-), 5, WA, RIBPFCGL. WRAROUR. MLk
YOI, Hlas N B FiEsh Ll

(3258 530 7O

[16] Agheli M, Nestinger S S. Lateral reachable workspace of ax-
ially symmetric mobile machining hexapod robots[C]//2012
IEEE/ASME International Conference on Mechatronic and Em-
bedded Systems and Applications. Piscataway, USA: IEEE,

2012: 81-86.
[17] Agheli M, Nestinger S S. Closed-form solution for reach-

able workspace of axially symmetric hexapod robots[C]//2012
IEEE/ASME International Conference on Mechatronic and Em-
bedded Systems and Applications. Piscataway, USA: IEEE,

2012: 75-80.
[18] Xu K, Ding X L. Typical gait analysis of a six-legged robot in

the context of metamorphic mechanism theory[J]. Chinese Jour-

nal of Mechanical Engineering, 2013, 26(4): 771-783.
[19] Xu K, Ding X L. Gait analysis of a radial symmetrical hexa-

pod robot based on parallel mechanisms[J]. Chinese Journal of

Mechanical Engineering, 2014, 27(5): 867-879.
[20] Cirillo P, de Maria G, Natale C. Customization of low-cost hexa-

pod robots based on optimal design through inverse dynamics

computation[C]//20th International Conference on Methods and
Models in Automation and Robotics. Piscataway, USA: IEEE,
2015: 1110-1115.

[21] BFd, S, s s AV B b B 4 21
WML dbat: Bl 2009.
Zhao J S, Feng Z J, Chu F L. Analytical theory of degrees
of freedom for robot mechanisms[M]. Beijing: Science Press,
2009.

EEEN:
X (1970, B, L, #eg RSE: KRR
A, NTHRE, Mas AHARZ.
tA G (1992, B, R4, WRAAE. B ARl
A, LA AT
ERAE (1990 -, B, A R B el
AR, PLEEALEH], PN T4,





