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Implementation of Horse Gait and Riding Aids for
Horseback Riding Robot Simulator HRB-1

Al* 17;59_0

g 2
_|C>_|,
k!,

(Yongsik Pa

A db
H, —

>

g4 35 M=

Kap-Ho Seo', Seungsub Oh', Sung Ho Park', and Jin-Ho Suh')

'Pohang Institute of Intelligent Robotics

Abstract: Horse riding is widely recognized as a valuable form of education, exercise and therapy. But, the injuries observed in
horse riding range from very minor injuries to fatalities. In order to reduce these injuries, the effective horseback riding simulator is
required. In this paper, we proposed the implementation method of horse gait and riding aids for horseback riding robot simulator
HRB-1. For implementation of horse gait to robot simulator, we gathered and modified real motion data of horse. We obtained two
main frequencies of each gait by frequency analysis, and then simple sinusoidal functions are acquired by genetic algorithm. In
addition, we developed riding aids system including hands, leg, and seat aids. With the help of a developed robotic system, beginners

can learn the skill of real horse riding without the risk of injury.
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(a) Riding simulator from racewood. (b) JOBA fitness equipment
from Panasonic.
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Fig. 2. Commercial riding machines.
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Table 1. Gait definitions [4].
Gait Foot-fall contact order I:;?E: g(}ﬁg;f;ﬁ;ﬁ?g Presence of aerial phase
Walk LH, LF, RH, RF 2-3o0r3-4 No
. Tolt LH, LF, RF 1-2 No
Symmetric Trot (LHPJ]:RF), R(R}IIjI-FLF) 0-2 Possible
Pace (LH+LF), (RH+RF) 0-2 Possible
Left canter RH, RF before or at the same time as LH, LF 0-3 Yes
Asymmetric Right canter LH, LF before or at the same time as RH, RF 0-3 Yes
Left gallop RH, LH, RE LF 0-3 Yes
Right gallop LH,RH, LF, RF 0-3 Yes
LF is the left forelimb, RF is the right forelimb, LH is the left hindlimb and RH is the right hindlimb
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Fig. 6. FFT filtering for y-position data on walk mode.
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Table 2. Motion data of walk, trot for each DOF.
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Gait Motion Ampl Freql ol Amp2 Freq2 2
x-position (F/H) 0.0179 1 0 0.0024 3 5.8263
y-position (U/D) 0.0222 2 5.9641 0.0013 4 0.8509
Walk z-position (L/R) 0.0114 2 0.2814 0.0046 4 5.3268
x-rotation (Pitch) 0.0716 1 2.2446 0.0288 3 3.0384
y-rotation (Yaw) 0.0486 1 3.7114 0.0120 3 0.7028
z-rotation (Roll) 0.0706 2 3.6183 0.0043 4 0.0257
x-position (F/H) 0.0078 1.6 0 0.0097 4.8 3.9815
y-position (U/D) 0.0378 32 2.5990 0.0091 1.6 1.1308
Trot z-position (L/R) 0.0047 32 0.3542 0.0006 1.6 2.9438
x-rotation (Pitch) 0.0417 1.6 23192 0.0143 4.8 1.9756
y-rotation (Yaw) 0.0245 1.6 1.4789 0.0086 4.8 3.0710
z-rotation (Roll) 0.0248 32 43160 0.0154 1.6 4.7673
F: Fore, H: Hind, U: Up, D: Down, L: Left, R: Right
Motion=Ampl x sin{(2n x Freql) x time + ¢1} + Amp2 x sin{(27 x Freq2) x time + @2}
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Fig. 9. Gait transition from walk to trot.
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Fig. 12. Simulator for HRB-1.
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Fig. 13. Horseback riding robot simulator (Prototype).
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