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Development of Humanoid Robot’s Intelligent Foot with Six-axis Force/Moment
Sensors
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This paper describes a humanoid robot’s intelligent foot with two six-axis force/moment sensors.
The developed humanoid robots didn’t get the intelligent feet for walking on uneven surface safely.
In order to walk on uneven surface safely, the robot should measure the reaction forces and
moments applied on the soles of the feet, and they should be controlled with the measured the
forces and moments. In this paper, an intelligent foot for a humanoid robot was developed. First,
the body of foot was designed to be rotated the toe and the heel to all directions, second, the six-
axis force/moment sensors were manufactured, third, the high-speed controller was manufactured
using DSP(digital signal processor), fourth, the humanoid robot’s intelligent foot was manufactured
using the body of foot, two six-axis force/moment sensors and the high-speed controller, finally, the
characteristic test of the intelligent foot was carried out. It is thought that the foot could be used for
a humanoid robot.
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Fig. 3 Link-pair relationship diagram of the 4-dof
mechanism with two platforms

2.2.3 & 58 (Motion Characteristics)
TEF A& 75 A Pe] AsHE H,

Hulol ZHFA ] Hu /EIE ZHES
TF71 Apole] off WEA AL o] &3
T g 9l

r=J'F (11)

A7NH ¢ = FERY Y WHoly, Fr 29
Fo ¥ #elth AuE TERY YozRy,

298 4§ JH5® A WEAE 24 FER
o Ho Pol FAA WAL WAE A f7E

ol-g3lojA] o|xkH oz At 4 th

HIREHA TERY A& Thed Hd Sxrt
T A& W tntel A H2E of £E #
A2 S ol&dted 7& 5 3

x=JO (12)

d714 x & Yulolx ZREY £E, 9 T
TR £5g yehdo. meEld REY Hg B
2 02Nm 7} e # EHFl 2 F UE x
y & 28 Ad Eex % ZHY HYdx
0.013m/s 7} FAHE W SAFY Ho &=

77} g1 2ol oA

Table 1 The performance of the intelligent foot

Pitch Roll Actuator
Velocity | 0.5rad/s 0.5rad/s 0.013m/s
Torque 0.2Nm 0.2Nm 0.2Nm
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Fig. 4 Photograph of developed 6-axis force/moment
sensors for right foot



ok

2L SS3X A 26 # 535 pp. 96-103 May 2009 / 100

232 MAo EMAY 3 D& Nz A3 AedA Zzte] WH L A,
6 5 Y/ERHENAMY EQAEL ¢ F T/2d A/D ZAWE, ¥Y <¢EHolA AE B4l °L E o]

rlo
fo

EAAN 2AHZR ¢ & ol&std HAIF Fx=Fy= =

500N, Fz=1200N ¥ E®E Mx=My=18Nm, Mz=8Nm =

£ et Z AMY AAEEHE FA3%on, Ml
E3
£

=& =3 A7tk DSP & 5 A AEE A
3 4% ATy & 2 e HgEHY %% 4
6 & Y/EAEMANY & ol A3,
A EE7] T AXHA = F 8 /g B

F A del ML AAFe] BFYOE 7 AN %
g TEIW, A7P 2R B, W Rpe

o) 3AEAL AR Table 29 3 & 22} ¢

EAG ARAE AT 6 F YWEAEAMY 45 REE TFI] AsiAoIth
AP AE Ui Sig. AEd 6 5 J/2AE
A e Hd FEHY e 2.84%01U o] A Th Clock izt || otwnn SRAM
(30MHz) DSP1 (KBRAOIBVIC)
T (TMS320F2812) o
Table 2 Interference errors of the sensor for front-part of o 7ancs7A
poWER TAHCEAT
the sole FLISHAGH [ AV 3
Sensor Interference error (%) i L nsp2 LED Display
. = TMS320F2812
FM- | Fx | Fy | Fz | Mx | My | Mz (inear moving [« m"“(“] )
fixtre) - 7aHCSTA
Fx=200N - 036 | 026 | 016 | -0.83 | -0.56 L PR AT - 7aHoEAT
Fy=200N | 012 | - | 043 | 022 | 025 | 078 Ampiie IR v T
FZ200N | 006 | 017 | - | -138 | 092 | 034 ¥ __'TD%“SWM’ "1 | switch
Mx=SNm | 042 | 265 | -148 | - | 009 | 028 ] _________ " :
My=SNm | 284 | 074 | 102 | 016 | - | 087 6-ais force/ | i || cmnge | [ MaQR2
Moment sensor1,2 - DSP4 (RS232C)
Mz=5Nm | -1.12 | 129 | 019 | 088 | 043 - (rightfool) | | | -+ (TMS320F2812) fe—
SO | ARC 1
{15pitk CAN
_____________________ ) (82C2651)
Table 3 Interference errors of the sensor for front-part of S-axis force/ | oo || ciomare z
the sole Moment sensor3.4-) | | DSPs
Geftfood | | —| (IMS320F2812) "™ |l pc or Controler |
Sensor Interference error (%) ;;‘;i‘u .................... i
FM Fx Fy Fz Mx | My | Mz Fig. 5 Block diagram of controller for the intelligent foot
Fx=200N - 027 | 031 | 036 | -1.13 | -0.23
Fy=200N | 017 - 023 | 044 | 021 111 MAX232 | Clock | poo || op SRAM l\équtor
Fz=200N 021 031 i} -1.09 0.88 032 (R8232C) (30MHz) (K6401 BY1C) | dive
Mx=5Nm | 026 | 2.67 | -0.86 - -0.18 | -0.46
My=5Nm | 239 | -0.84 | 1.02 | 0.15 - 0.82
Mz=SNm | 089 | 156 | 019 | 083 | 027 -

3. HO|FA|

=

AE Yeh Ao o AA4FXE= 5 79
DSP(digital signal processor), €J5 ™= 2] (memory),
%% 7] 5 -(amplifier), TAF, ALY, 29XF, &
HEgteld :'o‘i TAHAR DSP = 30MHz 2 Senso Ampilifier | 74HC571
28 AHE3te] HAE Z¥(clock)E DSP WH connector| (ADB27) | 74HCB41 | (82C251)
olA 5ull SZAIA 150 MHz 2 & H 3, YE & Fig. 6 Photograph of the manufactured controller for the
dAgd ZE2aH9E 53 T2 23S A ¢ intelligent foot

Switch




HEUSS3(X A 26 55 pp. 96-103

May 2009 / 101

AD AHEE 4 M9 6 & YEADE ZXAN
2HH FH5E oldga ANIZE XY 3=
7l fgte] AMEE I, HE AJEHolAE
o 23E F7 46}04 AREET, FEFA

A Z2 be ﬂMXPi]@r EAlE7]
) :LFAJ. YL DSP 9 e £
At 9V, 5V,33V, 18V E ztz} ZF3
B, 294AE d3tE 6 F A/RAE ANEY Z
@_/ﬂ(px Al 1\1 Fy xﬂ/q Fz Al /\1 Mx Al /\1 My Al 1

Mz AA)He F438 LeD o YehiAY A5H
o] 2ol Zo wWEe Jgr] ¢ A"t
A2 Aol AR o] A7E 240 mmx180 mm & =

Fo Asr)e] AZE 7)ot REZgelr
T RESH 4F ATd o A7 4 ME 8 )
of AQALE7)Tl WEHAUE EE AR
&, B 345324)8 Aolshy] el Al g, W
BE A A 2E L 29D EPOS24 o] T}

Start

% Swvatem utialization t

Bead from B-axiz force
/mameant sensors

MNo
—%;”:Stop signal

Fig. 7 Flow chart of controller

Ref
Controller Motor drive Mator

Amplifier ) B-axis force
Jmoment sensors

Qutput |
2

Fig. 8 Block diagram of controller

AojgA o] B2 A, Mg AY 293
2 ON 3 7 4N 29ge eAHeR 54
e LCD o &9, RE9 7194 59 7%

Power | Switch

Fig. 9 Photograph of the developed intelligent robot’s

foot

Fig. 8 & AAZX e EZEEE vehla v
HEX 9 #993F Aod Ao RUE Mx 9
A E 93 7|Fghe 0 o]a, AoPEHE HEX
o] Mx ZA7kol weh BESeho| o] FuE To
Aol FAE YEU I BB EFolBE BH
off dee FTEH mHE IWAuT 2w
A7 77 FHolm o el g5 Ay =



May 2009 / 102

3 intefigent
Robot faot

Control
Fig. 10 Experimental set up for the characteristic test of
the developed intelligent foot

Fig. 11 Photograph on walking process of the developed
intelligent foot

Fig. 12 Photograph of the developed intelligent foot

under reaction force
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