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Development of Ground Reaction Force Sensor for Terrain Sensing and Hexapod Robot
F I R HE 2R %M HiE®
Meifen CAO Koumei Yamashita Takaki Kiyozumi Yusuke Tada

Abstract — In this research, a hexapod robot and a 3-axis ground reaction force sensor have been designed and
developed. The developed hexapod robot consists of six leg units and each unit is with 3 degrees of freedom. The
developed ground reaction force sensor has a hemisphere sensing range and the contact between foot and ground can
be detected as a thrust load as well as the contact between foot and wall can be detected as a radial load. Since the
developed sensor can be applied regardless of the movement direction, the sensor can be used to achieve
omnidirectional movement of a hexapod robot on rough terrain at a low cost. In this paper, a posture control method
of walking on rough terrain is proposed for the hexapod robot with a gyro-sensor and the originally developed ground
reaction force sensor. The usefulness of the developed force sensor and the effectiveness of the proposed posture

control method have been verified by walking experiments on a gravel road course and a slope road course.
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Fig. 1 Load cell (left: SC616C) and force sensor
(right: ALPS HSFPAR303A)

1x Piczoelectric Foree Semsor
HSFPAR303A

2% Loadcell SC616C-500g
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Fig. 3 Terrain sensing using the developed ground reaction force
sensor
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(a)Force from left  (b)Force from left-front  (c)Force from front

Fig. 4 Structural analysis using CAE

Fig. 5 Schematic design and appearance of measurement module
board
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Fig. 6 External view of HaptHexa

Fig. 7 3-DOF leg unit

Fig. 8 Leg layout of HaptHexa
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TABLE I. SPECIFICATIONS OF HAPTHEXA
2.565
Mass[kg]
(3.35 with battery and Intel NUC )
Width [mm]
Body 160
Length [mm]
Body 140
Coxa 40
Femur 100
Tibia 125
18
DOF
(3-DOF of each leg x 6 legs)
Actuators XM430-W350-T (ROBOTIS [5])
3-axis Ground reaction force sensor
(originally developed)
Sensors
JY901: 9-axis accelerometer gyro
module (Wit-motion [6])
Battery Li-Po 11.1V 2500mAh

horizontal plane

Fig. 9 Side or rear-view of the posture of HaptHexa
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Fig. 10 Block diagram of the posture control system
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Fig. 11 Static posture model of HaptHexa
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Fig. 12 Link model of one leg
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Fig. 13 Walking trajectory
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Fig. 14 Walking experiment on gravel road course without
posture control

Fig. 15 Walking experiment on gravel road course with posture
control using gyro-sensor and developed ground reaction force
sensor
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Fig. 16 Roll angle variations during walking experiment on
gravel road course
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Fig. 17 Pitch angle variations during walking experiment on
gravel road course
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Fig. 18 Walking experiment on slope road course without posture

control

Fig. 19 Walking experiment on slope road course with posture
control using gyro-sensor and developed ground reaction force
sensor
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Fig. 20 Roll angle variations during walking experiment on
slope road course
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Fig. 21 Pitch angle variations during walking experiment on
slope road course
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