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Discontinuous Zigzag Gait Control to Increase the Stability
During Walking in Slope

ab M Z, 0l A H
(Se Hoon Park and Yun-Jung Lee)

Abstract: An essential consideration when analyzing the gait of walking robots is their ability to maintain stability during walking.
Therefore, this study proposes a vertical waist-jointed walking robot and gait algorithm to increase the gait stability margin while
walking on the slope. First, the energy stability margin is compared according to the posture of the walking motion on slope. Next, a
vertical waist-jointed walking robot is modeled to analyze the stability margin in given assumption. We describe new parameters,
joint angle and position of a vertical waist-joint to get COG (center of gravity of a body) in walking. Finally, we prove the superiority
of the proposed gait algorithm using simulation and conclude the results.

Keywords: quadruped walking robot, vertical waist-joint, gait, discontinuous zigzag gait, slope
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Fig. 1. Animals with a flexible waist-joint.
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JP: Position of the waist-joint.
Gfk, G COG of the rear and upper part of body, respectively.
By, B, Half-width of the rear and upper body, respectively.
Bg, B.:  Length of the upper and rear body, respectively.
LP;, HP; Leg-i and hip-i position at &’th event, respectively.
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Table 1. Parameters of the waist-joint and COG at each event.
Event No. | @, Waist-joint | position
position
Initial position 0° | 10° (0,0, 50) (0, 0, 65)
lst . .
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2nd R R )
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3rd R .
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4th O O
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Slh . N
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6ﬂ1 o o
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7(}\ R .
(after leg? lift) 0 10 (40, 30, 50) (28,30,65)
8m ied o
(before log2 place) | O | 107 | ©40:30,50) | (283065)
Final position 0° | 10° (40, 0, 50) (40, 0, 65)
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phase, (¢) COG shift with 4-legged support state for next
stable phase, (d) leg 4, leg 2 swing phase.



966

Al Ao Y $E AS a9 149 gk Bdg
ARAEA 9} A2 B ;_Z:i%ﬂﬂ Th o] A (3-14-2)
2 23 A 43 AN FRAFAZTAE A7
o] FE & FAYR thE 9
19 4@k 2ol oJHEQ] 3 vl o]Fo] WAl
A 43 ARG BATFATAL (96, 30, 65)F 0|58
o 383 29 149k Ze] 3 ol 2] 2 19 o &
A oHE WA F Al 43 AR 27 1409} 7o
(28, 30, 652 FAFATAL ol FAA HANS AU &
k=g

_ VIL dg

AF7HA] AP BE Al A3 A GRS Al
71 917 A2 2RRES AQkela Ajkd 2Rmee] 4
wA7F 710 b BAE Ve 2REdNg B 9 ot
AA HollA -3 2oAE 2 FHS =3 =339t}
SHARE Al e es BASH: A tdoied g
Aol offline 22 AXH7] wiitell B3 A TAsH= Fol 2
olLt, ZIEt o] A= mHEA k] WEel FF
HE o) mhe A7t A s ojof & W) gt

AnEs

[11 B. Y. Min, Crab Gait Analysis and the Application of the
Adaptive Gait Control of a Quadruped Walking Robot, Ph.D.
Thesis, KAIST.

[2] D. A Messuri and C. A. Kelin, “Automatic body regulation for
maintaining stability of a legged vehicle during rough-terrain
locomotion,” IEEE Int. J. of Robotics & Automation, vol. RA4,
no. 3, pp. 132-140, 1985.

[81 P V. Nagy and W. L. Whittaker, “Energy-based stability
measures for reliable locomotion of statically stable walkers:
theory and application,” Int. J. of Robotics Research, vol. 13, no.
3, pp. 272-287, 1994.

[4] P. G Santos and M. A. Jimenez, “Generation of discontinuous
gaits for quadruped walking vehicles,” Int. J. of Robotic systems,
vol. 12, no. 9, pp. 599-611, 1995.

[5] H. Tsukagoshi, S. Hirose, and K.Yoneda, “Maneuvering
operation of the quadruped walking robot on the Slope,” Procs.
IROS, pp. 863-869, 1996.

[6] FE T. Cheng, H. L. Lee, and E. Orin, “Increasing the locomotive

o5 % A7) olEr} WAl

HO - 22 - AAgEs

191

[10]

(1]

(12]

==Al Ml 15 &, Ml 9 = 2009. 9

stability margin of multilegged vehicles,” Procs. of ICRA, pp.
1708-1714, 1999.

S. H Park,Y. H. Ha, and Y-J. Lee, “Discontinuous zigzag gait
planning of a Quadruped Walking Robot with articulated spine,”
Joof Control, Automation and Systems Engineering, vol. 10, no.
8, pp. 703-710, 2004.

S. Hirose, H. Tsukagoshi, and K. Yoneda, “Normalized energy
stability margin and its contour of walking vehicles on rough
terrain,” Pros. Of the IEEE Int. Conf- Robotics & Automation, pp.
181-186, Seoul, Korea 2001.

S. M. Song and K. J. Waldron, “An analytical approach for gait
study and its applications on wave gait,” Int. J. of Robotics
Research, vol. 6,no. 2, 1987.

S. H. Park and Y-J. Lee, “Discontinuous zigzag gait planning of
a quadruped walking robot with a waist<joint,” Advanced
Robotics, vol. 21, no. 1-2, pp. 143-164, 2007.

olAA v|HEel X ol A2 B 2R EQ] AALA)
Al % A= AR B AT, BRA &9 ekl
A, 1994,

S. H Park, S. H. Lee, and Y.-J. Lee, “Discontinuous zigzag gait
planning of a Quadruped Walking Robot with articulated spine,”
Jof Control, Auwtomation and Systems Engineering, vol. 8, no. 2,
pp. 142-150, 2002.

oAl &

19723 8€¥ 1594, 1998 AR
AAgstalF A, 2000 & sk
AN EEAIAL. 20060 5 o
A AL dA) A f—fW?* A
T4 IEoke AgRI I 9
2570}, 2HASA Ao,

LA A <

ol &
1980 Gl AAZEIEAD,. 1986
d SEAled A7) 2 AT
(HAD. 1994 TSFLACIAD, 1995~
aAl ARSI AR
R BARORE HaE, sz
QI EA] 25, X5 Ao),



