Walking Algorithm for Real-Time Stability of a Humanoid Robot Using Fuzzy
Algorithm Under Uneven Terrain
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Abstract - Since a humanoid robot inherently suffers from instability and always risks tipping itself over, or toppling
to the ground, it is necessary to ensure high stability and reliability of walk. An unexpected ground condition is one of
the principal factors of instability. This paper proposes a walk stabilization method consisting of a Fuzzy algorithm and
geometry under uneven terrain. The ground reaction forces that are measured by the FSR sensors on the sole are used
to check the ground condition and the robot posture. The effectiveness of proposed method is verified by computer

simulations.

Key Words @ humanoid, biped, stabilization, fuzzy

1. M

iy

Froixole 2o AYR Y= FUT 48 F VA=
A oltt, AT ol Frikeolm BE AT 9l
oA w9 F g3 Ropd A AANAPE AL B
AetaAl s AT gl s ojFoXm gl ol FH
kolt 2RO AAHAPY #AF AFE F ¥ &7t ZMPE
Ao ATE At i1l

7182 AFENME udg 2T A Desired ZMPHA
S Ao AA ZMPS Desired ZMP2 25 B4 Z&
Aoyt AW2], ZMP7F AR FE e XS RE AAY H
AAE o] 83t W Fol AAHJTHIL =& COGY
COG Jacobiang A AFEZ {71 T4l o]

#AEe B4 2 Aojolx  neuro-Fuzzyl5]l, GA(Genetic
Algorithm)[6], Optimal Preview Control[7]5¢) 7| Eo] Al
A A o]9d %, Feedback AlgorithmS o} &3 Av8],

g HEey VB RAES dZSAY de 9] § o

G WHEe] AANHZ Uk o] AFEL dRE we
A FE He R AU, BAS desEiAY, BadEA Y
F8 8oz JRAA sEAE

e n 3 ch
Ao ZHAY ABRANA Y A By B @
o] MYHY AF¥stm JoH10l B =EgM =

A AN BEEE Frnols TR
AL Ry A dyger #HA

14

4

e
ME Qs -

A& A

= E2YY:

s 422

QUskA

THH A3
AsAE WAR

07) LB AR

Z|
T

=zl
il

7}
2}

2 %4 Aol WS A g wulde] FAd FSRAAL
ol g3ted AW % xR HFHE sotstn, HA dunHF
o] &3t} QlAE LERA IJAFL Tk FEHAY 3
o] FHAA o] EUR 9|73 di4E aﬂ 229
COGE 5 J% 22 olBAANA Bk & A=
B odre H8 gad Frikels & ISHURO- HS— 7t
o= g %izﬂ A]é* o ths] Admsty, 3G E B A
2 A3 dndSed e dgd. 4FME Agd P

leo o]

g ) mtm 4
rl

Wl Aol AnE Mdsly, oz AL A
=3

2. 29 sl
21 29 sd

2o HAE AAZ vE BENA AHLR HIPSE F
gath Raged #BA 2y A GAEAYA A dojE e
g ol AMEREH ZFsHW 2RE AAH dudEFs

g%t 19 1= By gxugForl,

22 o5t 2nelE
wupee] ge AMEREH Z38 @5 B gFH
Ad 8 23 FHE r&g e, BEE A2 L% A
A gol 2z A% A4 el gew 1Y 29 (@ 2L
4y A28 4 gdomz Ay BE A4V WAL
s Atk mARF 19 29 @% 2 4ol A% FF
2o 5AY A% 2 $Pox AWs) THeUL 3
mmm A7 A%el 5EAoz AN AL ¥
& glwh

¢

205



= -

Chack stata
Terrain / posture

Watk — }——] FSR Sensors |
a1 28 wmalF

23 " "

a8 2 XHEdn 2RuE

A JF #70e qgd 44 $5H0A 2% A
BRo] EEYAY, AR HolAL 4ol Hold £x 9
o e FJEF &0 HA% &5, Ad@Ad o
TEHoR A g A8 5 dv dneFo oo
2 E=RdAE I AEF B4 e A @e WA o
2AFE ol gste] FaAY 29 3& 489 A Lug
3 WA g, 28 T

Fuzzification
uonesyizzNBeq

(a) Fuzzy Algorithm

OO
N NS 2 78 L3 o, de/dt

(b) Input membership function

XX

M. NS 2 Ps P oulput

(c) Output membership function
"EEN[Ns] z [Ps | Pt

NL INL I NLINL [NS|NS

NS {NL INS NS NS |NS

z2iz21z2iz212|2

PS{PS|PS|{PS|PS|PL

PLIPS|PS{PL|PL|PL

(d) Rule-Base
a8 3 HX gnelEF

AEAA gt AZMA g AolE error? 31, WS
S error rate® Sk ©1& EdE 19 3 (b)) W4 &
FE o]83do AA 4HE HA3 sgeon, 17 3 (@
A9E F8 73L& 7|28 &9 2F #A g U@ F
£ 8o, 19 3 (0)F 7|¥o 2 Center Average ¥
g AN vAHA S HPE FHPSe] TEHEA HEE
7E e T3

AZAA g3 HAZAAN go] A, FA error ol
43 FAddl AA HE &7 F dui AL APl F
o, FA7 n2A AXE | #{A gndFe FEAh 2
B3 UM 289 COG/ 4 %o FYo] 28 && 77
3 #H4S ST 9o A HAAHe] B FERAWY =B
2o dAA9 Mol gL Mg ALE G4 nY$
AR,

4. A23¥olMd % A3}

4.1 AA A~

A B ol AL ko] 9505mm, FA kg FHxoE &
2 ISHURO-IIE 7|9tez 3gith 718 B8 #AXL FAES
AP, BE 015m, B3 0.05m/sE AT 1§ 4%
239 o] 7Y FSRAAM S Holg EE Kot}

it 3 e

=

Eé check
11 Trajectory
| g‘eﬂeﬂm

42 A2 0| M A=

38 7 (E 718 B Y53 AN JE2IHAE |9 4
A ZHNCF:Front, NCR:Rean)®} HZ ¥ dAT BFgoz
T2 #3He ARG de AMI}CCF, CCR)E Y
o AN &2 F ASHoz AWS ue ALY ¢F
A7 AE F oA HEX} AW 2 vneax &
uo] dgo] WA HoAE AL B F Utk 2™ 7
(b)Y A Wyd g8 Lol Aoz EARE 3
AAAL B9 AA g Jehdch

——CCF
50 |-
40
z
g 20
5
w
2
10
2]
. N .
00 05 10 15 20

206



T L— FCF
- - -FCR
B

Force(N)

00 a5 10 15 20

¥ 2UY @ olFo
o 29 ge ANE

HqF olF A4FFA AKX MMl WEFHTI oF 09z °]
HA dnFo] Frde & F
2]

>
op
e,
&
S,
o
2
B
Y

Fede) AT TEA

08| -
06 -
04+
g 0z} J
3 00
> Q2 4
04| ~
-06 | _
08 4
10 1 L L
o0 05 10 15 20
X Axis Title
O8 8 wEAE sidzx
54 E
B =Rt B AW dig AAz HAs ¢x
55 AXNGY Freikoln 2R A FHE U] A
A B NWES 2iT & glojol o AW 2R
9 #AYL 977, FERE OFY g1 S 2L B
FE g TEstn glold AAT FAsE FHE] o
Hol B =RdA, g AWBAEe die A #d z
T gE Fr b #Hx ¢uygES AHEstddh A o
NYEL ZMPgLo] obd X ¥haE S o) JHo R o] &
gte] iAol Wien AATZAE HHFI AEHIA
A 10% Aol oiwh kA3t Alzkel 0.15%7F 285U
o

ANE FaAFe A5e BN AN, A F A
FneFe A8 WAL BYMoL Vo K AA Friwol
S 2RE oW 4ES F9 ¥ Ao

£ 7l

o] =RE 20059 AR(LFAAAARIY AQow BT
geagAws  AQe  weh  £48 47
(KRF-2005-041-D00320}

2 2 2 #

{1] Vukobratovic, M. Juricic, D. "Contribution to The
Synthesis of Biped Gait”, IEEE 'f'rans. On Bio-Medical
Engineering, vol. BME-16 pp. 1-6, 1969.

[2] Nishiwaki, K. Kagami, S. Kuniyoshi, Y. Inaba, M. Inoue,
H. “Online generation of human-oid walking motion
based on a fast generation method of motion pattern that
follows desired ZMP”, Proc. of IEEE/RS] Int. Conf. on
Intelligent Robots & System, vol. 3, pp. 2684 - 2689, 2002.

[3] Djoudi, D. Chevallereau, C. “Stability analysis of a walk
of a biped with control of the ZMP", IEEE/RS] Int. Conf.
on Intelligent Robots & Systems, pp. 2461-2467, 2005.

[4] Sugihara, ‘1. Nakamura, Y. "Whole-body Cooperative
Balancing of Humanoid Robot using COG Jacobian”,
Proc. of IEEE/RS]. Intl. Conf. on Intelligent Robots and
Systems, pp. 25752580, 2002.

[5] Kim, D. Seo, S. Park, G. "Zero-moment point trajectory
modeling of a biped walking robot using an adaptive
neuro-fuzzy system”, Proc. of IEE Control Theory, vol.
152, pp. 411-426, 2005.

[6] Fukuda, 'I'. Komata, Y. Arakawa, ‘I". "Stabilization
Control of Biped Locomotion Robot based Learning with
Gas having Self-adaptive Mutation and Recurrent Neural
Networks”, Proc. of IEEE Int. Conf. on Robotics &
Automation, pp. 217-222, 1997.

[7] Kajita, S. Kanehiro, F. Kaneko, K. Fujiwara, K. Harada,
K. Yokoi, K. Hirukawa, H. "Biped Walking Pattern
Generation by using Preview Control of Zero-Moment
Point”, Proc. of IEEE Int. Conf. on Robotics &
Automation, pp. 16201626, 2003.

[8] Kondak, K. Hommel, G. "Online Generation of Stable Gait
for Biped Robots with Feedback Loop Algorithm”, Proc.
of IEEE Conf. on Robotics, Automation and
Mechatronics, pp. 710-715, 2004.

[9] Nishiwaki, K. Sugihara, ‘I Kagami, S. Inaba, M. Inoue,
H. "Online Mixture and Connec-tion of Basic Motions
for Humanoid Walking Control by Footprint
Specification”, Proc. of IEEE Int. Conf. on Robotics &
Automation, pp. 41104115, 2001.

[10] Huang, Q. Nakamura, Y. "Sensory Reflex Control fot
Humanoid Walking”, IEEE "I'rans. On Robotics, vol. 21
pp. 977-984, 2005.

207



