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Development of Force Sensors of Toes and Heel for Humanoid Robot’s Intelligent Foot
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In order to let the humanoid robot walk on the uneven terrains, the robot’s foot should have the
similar structure and function as human’s. The intelligent foot should be made up of toes and
heel. When it walks on the uneven fterrains, the foot’s sole senses the force and adjusts foot’s
position before robot losing his balance. In this paper, the force sensors of robot’s intelligent foot
for having the similar structure and function like human are developed. The heel 3-axis
force/moment sensor and toe force sensors for humanoid robot’s intelligent foot is developed,
and the characteristic tests of them are carried out. As a result of characteristic test, the
interference error of the heel 3-axis force/moment sensor is less than 2.2%. It is thought that the
developed force sensors could be used to measure the reaction forces which is applied the toes

and the heel of a humanoid robot.
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Fig. 2 Structure of 3-axis force/moment sensor
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Fig. 3 Mesh shape for FEM analysis

Fig. 4 Deformed shape under force Fz

Fig. 5 Deformed shape under moment Mx{or My}
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Fig. 8 Attachment locations of strain gages on sensing

element of heel 3-axis force/moment sensor

Fig. 9 Manufactured heel 3-axis force/moment sensor
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Fig. 11 Mesh shape for FEM analysis
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Fig. 12 Deformed shape under force Fz
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Fig. 16 Photograph of developed force sensors
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Table 1 Rated outputs from FEM and characteristic test
of the heel 3-axis force/moment sensor

Force FEM(um/m) Test(um/m)
sensor Fz Mx | My Fz Mx | My

Rated
output |0.5765[0.5399(0.53990.5806|0.49960.5021

(mV/V)

Table 2 Rated outputs from FEM and characteristic test
of the toe force sensor

FEM(um/m)

Sensorl

Test{um/m)
Sensor? | Sensorl | Sensor2

Force sensor

Rated output

0.5045
(mV/V)

0.5045 0.5242 | 0.5286

Table 3 Interference errors of the sensor for front-part of

the sole
Interference error (%)
Sensor Fz sensor | Mxsensor | My sensor
Fz=T00N - 0.62 0.92
Mx=8Nm -2.17 - 2.25
My=8Nm -0.55 0.48 -
5. 48
E d7ddMe AR 23 vixd 71sE vt
2 ﬂZ}‘% 2R ATy & A% HEA 3F
J/RAEAAS} Erte O F JAAME AT
o
Mg HA7A 3% JPEAEAASL E71e o
% M EAHEER AA2H0l A 746%
[}

TWelis, A8 3% /edEdNe Hdg 45
é;}szx}»ﬂ 225%0i el ez Ag3le oA’



Ob

stz ets x| A 27 103 pp. 61-68

I

October 2010 / 68

o waste] oiFEA BT B 2 =
A AL HEA 35F YRAEAAS @2}
2 9 JAME 2709 e RAE Q7Y
2R ey TS A 82 F e o=
g, % d7e & =AM Age HE
A 3% JY/ERAEANAMS} B4 gF JAME F

249 Ay 2R A%Y 2L ALHE Aol

*

tlo

o] EEL 2008 UE AR ISHEHI|EH)Y
Mo AFAdAG A4 dop £9d o

F-3l(No. RO1-2006-000-10468-0).
A8

1. Kanda, T., Miyashita, T., Osada, T., Haikawa, Y. and
Ishiguro, H., “Analysis of Humanoid Appearances in
Human-Robot Interaction,” IEEE Trans. on Robotics,
Vol. 24, No. 3, pp. 725-735, 2008,

2. Morimoto, J., Endo, G, Nakanishi, J. and Cheng, G,
“A Biologically Inspired Biped Locomotion Strategy
for Humanoid Robots: Modulation of Sinusoidal

Patterns by a Coupled Oscillator Model,” IEEE Trans,

on Robotics, Vol. 24, No. 1, pp. 185-191, 2008.

3. Park, I. W,, Kim, J. Y,, Lee, J. H. and Oh, J. H,,
“Mechanical design of the humanoid robot platform,
HUBO,” Advanced Robotics, Vol. 21, No. 11, pp.
1305-1322, 2007.

4. Lim, H. Y, Kang, Y. S,, Lee, 1. J., Kim, J. W and You,
B. J, “Multiple Humanoid Cooperative Control
System for Humanoid Team,”
Proceedings of the 17th IEEE International
Symposium on Robot and Human Interactive
Communication, pp. 231-236, 2008.

5. Kim, G S., Shin, H. J. and Yoon, J. W,
“Development of 6-Axis force/moment Sensor for a
humanoid robot’s Intelligent Robot,” Sensors and
Actuators A, Vol. 141, No. 2, pp. 276-281, 2008.

6. Nagai, K., Ito, Y., Yazaki, M., Higuchi, K. and Abe,
S., “Development

Heterogeneous

of a small Six-component
force/torque sensor based on the double-cross
structure,” Journal of the Robotics Society of Japan,
Vol. 22, No. 3, pp. 361-369, 2004.

7. ATI Industrial Automation, “Multi-Axis Forcre/Torque

8.

Sensor,” pp. 4-45, 2005.

Kim, G. S. and Yoon, J. W., “Development of multi-
force/moment sensor calibration machine, and its
uncertainty evaluation,” J. of KSPE, Vol. 24, Ne. 10,
pp. 91-98, 2007.



