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A Study on the Posture Control of a Humanoid Robot

A, LAY o 3
(Jung-Shik Kong, Jin-Geol Kim, and Bo-Hee Lee)

Abstract : This paper deals with determination of motions of a humanoid robot using genetic algorithm. A humanoid robot has some
problems of the structural instability basically. So, we have to consider the stable walking gait in gait planning. Besides, it is
important to make the smoothly optimal gait for saving the electric power. A mobile robot has a battery to move autonomously. But a
humanoid robot needs more electric power in order to drive many joints. So, if movements of walking joints don’t maintain optimally,
it is difficult for a robot to have working time for a long time. Also, if a gait trajectory doesn’t have optimal state, the expected life .
span of joints tends to be decreased. To solve these problems, the genetic algorithm is employed to guarantee the optimal gait
trajectory. The fitness functions in a genetic algorithm are introduced to find out optimal trajectory, which enables the robot to have
the less reduced jerk of joints and get smooth movement. With these all process accomplished by a PC-based program, the optimal
solution could be obtained from the simulation. In addition, we discuss the design consideration for the joint motion and distributed
computation of the humanoid, ISHURO, and suggest its result such as the structure of the network and a disturbance observer.

Keywords : humanoid robot, genetic algorithm, optimal walking, gait generation

L M2
T FUH o g o)F RR) g Bilo] FiE =
olgldt TS 2 Eokd e
2 o]FoR| 1 gt} 53] QIkt S 7R e FR=
oj= 2R tig A7 R A e 3] Aol &
g ok ol2d FHol= 2y RA¢ o7 Eo} A}
o] ASIMO[1], 24 A2} SDR4X[2], 3-X% AL2] HOAP[3, 4]
3ol st 7|gAem Friwols 2RL 7|F8Hog B
S UEstaL long e s nasia
A} ahE A7 AFFHeR Agso] o3 v} o]zl B
Pde] oA E g dTEME, 2R A AR F
&1 ZMP(Zero Moment Poin) S A H < 0= B o] 443
7515, 619 17 B FFE o]83le] A2k 2o o] &
& B2 v ¢ A7) ARk B9 B e A
AR HEaHA B & gle AHE 7 A glovt
Adxely 1S FA7)e ofyrh 18l Fx1e B
It B HaAE {F53t] wfiel 7123 g &
7} FEHog o] FRA] FaiH Yoyt AHE K Al o9
el sFHez gAy] oHE EAES HEskL stk
£ w=ioAeE By A4 A4 Al 2EEe F 79
o g 7 7H] BFE $EAoE AT e ¢
YFS ANt . ogE F 7] A4E 554
HEA1717] AsiA HA By AR A, oElRY AXs
q dagEs ol8dtd =zl AXE At o
ZMP AF W& TR P ARS AT

ol
i
Ao
f
by
lo
=
)

Lf?iiiloﬂ

o

£ E

* F Q) A *HCorresponding Author)

THREAS 12004.6.6,  ANEERA :2004.8.31.

A2 ¢ QlshhEha 2S5 8hE 8t i lempus@dreamwiz.com)

12171 ¢ istolehn "AAE 7] E 8 ohn@inha.ac kr)

oj23] ; Aguatul 7]¥ 8 bhlee@semyung.ackr)

% o] w=Ee 200t Slefdiski Mgl elelel AEgizIn
(2004-31646).

g e BNg 5 YES ok E fA
& g2 dorsil dasld 7 2
sigick Ak gL Ageeld

IL ISHURO A[AE 3=

2 duES FE3] A AlEe dA AeEed 7

ol= 289l ISHURO®|t) o] 2X-& A% 75¢m, F7|
6.5kge] 2Holm, AA 2 A= A 2otk 29 1
£ ISHURO®} 3DE A3} 2354 A28 Vel

ISHUROY A|AElE 7Exog W5 HYE 7o
gt o) 7t #AE Alo] REE WSt 8-S ovst
o ZbZe] 52 CANSAS 53 Alo] Alas Fx gto
W oolglgl ZpZke] REL AR 5 AolrldA] ZF BE) of
3 ARE sl 18 2% ISHUROY Ao A|AES U
Ehdit}, ISHURO Al&ElS FA 38802 tozic) AR
Aol719t F Alol7] zEa - Alo7|1Z ed], 9A
A5 A7l 2R Uid AREREe] HEE Akl o9
3t das 2R A&yl AdshE 988 sk olEgt
- Alel71E PCE B3 TAsglen A Alojr|er F
Aol7] Alololl= 811.02b T4 WELAE 7|&oz 3} 1
2lz 3 Alol7ie EElY AuAe], F Aojzigte] B4
AA 1 FE TR

SR Alo7)E TIAKE] 328]E Ak DSPE] TMS320F2812-
150MHzE ©]-8-3} FH3 ) o] CPUE 7]EA o2 Y&
ol CAN(Controller Area Network)BAl ZES 71X glom
A/D AHEE YISt 91o] FSR(force Sensing Resister) 4141
o ARE A1 & & k. 183 PWMAY EET A
Y A4 ZES 7HA I lo] RE] Alojo Hgsick 5 A
o]7]¢] 749 Intel A12] 32B]E w}o]7Q XSCALE- 400MHzE
AHgEla glom Z|EAHoR QJutE fw2vt XY Ho
Uk

T



MO - Asah- AILEZS =2X H 11 3, H 1 S 20051

213 1. ISHUROS] 3DRE 2 FFA Al2E
1. 3D model and coordinate system of ISHURO.

User Inten‘aoe Module N

| eo211b

andAms )
L?QS,,,,_____J

O 2 A28 PE
Fig. 2. System configuration.

1%@23 R Aloj7lel /g FE +E
olo] W 7 B W49 ARE CAN%
F3L C_q ol 3= Ao]7]} ol~rXﬂ°17lE
FEAO)7]o)E CAN Ao =E]
InfenionA}e] 81C903 L Z7lsle] AT
ISHUROA|=¥19] A9 F+5 HEol digk do|gl 227}
ol Wigt AAl &8 3t 22719 dolEl&
of 3t} wtehd CANEAIAOA &
AEe F7)15 7

AN Z A
500kbp = &}
£ Fste] g E R

33tk F-EH= MAXONALY] DCHREE 7B o= 3t g
om 7|5 F 71RA o8 7HA|AL Q= HAEA aAE Al
A7) Y8l g AF7E A8t YulAlo] S(limit cycle)
= AT F AATHs-10].

AA Al z=wle dlete]] Agabe]o] 9)= FSRAIA O] HRE
53 ZMP(Zero Moment Point)yE -8}-=H] AF2-Er}l ZMPE
259 r s glojA At Fre] X x7t FHe AR
24 A"l A 9le 7F BAEe] gAY Ed o5 &
="k ()3 (2 ISHURO® thgk ZMp2ls vehdch

1

wn

(M;(£,4G)x; - M %,z;)

Il
<

Xzmp = ‘
15 (1)

> M +G,)
i=0

w

(M(2,+G,)y; - M;j,z;)

15
ZMi(z,. +G,)
i=0

Il
(=)

@

Yzmp =

O @M Xz & Vaup = AAZE 7182 TN AT
7E8H FXE Y M, = 4K 2-e) AFS Yehy

H, Xi, Vi, Zie b AR dM Y] AAVRR RS vk
o B 6=(G..G,.G.) © T8 7R WHE vt 2
=R E 7EAEAE 1Y A Axze] AAAS VF

FAR ste] sfsioint. oldl ZMpHAI9t TSR A
= o] HFAE AT VIEeR sto] AEd ()
@) D'Alembert ol 98} FESOH BA) 23 A2
AFEAS F 1542 28l d4e s a2
EX A2FelA zZMPE SAste] o) mhE AlgEelA
olBjg} Al dlolelE vlasty] A FSRAME ]88k
ok FSRAIME Ao 288z de dgte] Mgtz nhpo]
T AMZA FSRANE ©]8-3te] Aol Zgsh= whde
= AR 5 glon AN X7} dubedel] ov] Azl
FAAe] 2o} 7] Wil AHRE & glon o
olgate] RAlER 9 5 glom o] oyt 2R %
el ZMPE A 4= UtH11,12]. 3)T @y= Awo
ol wk2 zMP XIS VebItk 3T @) Tzmp  Yzme &
72t b 71 F3Alel iE AME 549 #93E Y
B, f; & FSRAAC] ofgk 23] A whdels vepbd
oaEla 5 9 e Eebee] AAlE FsRAMS] e
715 #EAe tig Al fAAE etk )3 7 22
o Sl wWE zZMPEL 3 () (e A Luleel
gk Pl o FFE zmegolgtn & F gioh
ISHURO®E detejell 242t s7i%e] FSRAINE “3aste]
ZMPE 57 3ISich

oL,

rﬁ',
o 1L



Journal of Control, Automation, and Systems Engineering Vol. 11, No. 1, January 2005 79

1 30p, —30p, +(16v; +14v YAt +(3a, —a )Ar®
Zf x X; a, = 2
) ot 2A (®)
Xzmp == 3
Zﬁ- 12p, =12p, —(16v, +14v YAl +(a, —a  )Ar*
‘ %= 2A1° ©)

ifixj;i

Vazup = '_—1,,— C))

;fl | Generate Initial string I Genetic Process
[Tmmmme] | [ |
m. =28 enalE

4 duglEe Jg Fgel| 7128 A RdE BHE Generate Trajectory of
Mol WA B daalFolw Folx tie 84 £ e
oA H-gatel xﬂ,w Anto] ao} Herthe HAgE) of
£g 7lRog 3 gudFeln 4 YnFL b5 9
R ERIEED x}g TR 8T o olEe AW,
W, EAC)E ANWA HAHoR o £L FES Vs
olATH13,14) A LmElFe ol WHAH o] of
d gl Heer dE #5995 glene sl
el Aol Bk Alawle] Agely] felsh,

Frolrol 23] Wzl QoI 71 melsor @
2o vk} ebgHoR wag s As ili—‘a]
Auht ofuix] aMlE Y 5 2 2ANE wEY=L
k= Aol oeldt 7k 22F FEHA SdsME
oFYHolA Adzele thel A Aol Y Fad B I3 fuLugE 55
oo}, ¥ =FoA= o83 AaseiAxE skgEel Fig. 3. Flowchart of genetic algorithm.

el

1

RS FaE) 8 H GnEEe AMstel xx|za)

Szbe] & o] &xoo el saF oFatAl ZAL o]&a}e]

249L BHAT ISHUROANA BA) Saje)e whlet
]

o) 2450] sl Ael 9 A2 Aol 8 oS
& AAzZe] gAYoR AT -

Ao} &9l 7 A7)

Fitenss Trend

60

24900 tha) #7tol Aws 2EA e £4Y & i
SIS §7ke) wulel B whe] g2 Eab 53 thaa A ® o
oz TSI o e Az 42 ¢He o
geto g ZHe) 21018 AAE 4= ity 123 o)uf 10
239 Al sk okHdAd HEFL ZMPE o885t ZMP T e 1 2% 2_%0 300 350 400 450 500
7@10] 3k [;].‘1] ] ]AH:,HOé u:ﬂ ;(]x]ﬂ— Lﬂoﬂ ZI\/]P7]' }_ZHE‘;E} 75] Generation Count
3 obgAol HUHEE ZvpY XS Bde] bgHS 2% 4 A Sol E AFE ol
ATk )= 712AQA A A4 g8k Aot Fig. 4. Fitmess trend according to number of generation.
v =ag+at+a,t’ ta,t’ +a,tt vagt’ ) L FALTYFY 8L
Table 1. Parameters of genetic algorithm.
. . _ , Parameter Value
O-OF 62 B%H ARE olgso] Fa @ =0, S e e
o the Zk2te] Aaghe: viehark i o
String No. 480
a.
- _ a, =— (6) Crossover rate 0.8
Go=pi &=V 2 Mutation rate 0.15
1
20p, —20p, —(8v, +12v,)At, — (3a, —a,)At® : - Fo—e— S—
a, =1 f o / / ) Fitness function 2(9141 —9,-)2 +Z(9m _Hi)z




80

A7 4, P Vi A 7 FRbel i

&%, MRS YEY b Py Yy, dr s 2 23K
AF A7 99X 5 JEEg vehd, 49 Ag A 2
Tl e 2129 AFE9 Y Aus B
(52} ko) wipEse] tiE BRE O~9F B THE
2H, ()2 B3 Azt ol Ui B b #xe] 99X yoE
T & gleh ey saF gk F4E o] §ste] A A
& S A9, ARA T TR AEd v
W7E ol 5 3lw, 52} T S B Mg
FEIA AR w4 B
T 7] W], AR A4

2 g A4 2 5 QW &)
S8l %xdomaf;; ol%o}aiu}. a9 3e 2 beroﬂ A8
gwolch & =Rl Ak 4 &
RFL wYA Baw da] Do A H45 A7)

27) A%, 97,

%
Jo
S

©
Bow
i

(o3
l°l'

l

7) Ag 0 ARAS ST GRS o b 9o
ol Fle) 2ol ug A4 B/ 91 £ el B
B4E o7l A% WRleltk Ax® whEe ny A A
A ulma e Felol AR 424 AL AR

on] 24o] BT 4= e HEIL 12emE TH3A 4@
ARk A4E RAE 5 As W ¢ B FY A A

ARst sAZ et oj2ig & 57l WY Fol 1
Aol sl 23 Bale) £ HHow ¥ 4 9l
&£ MRS F4 QaEES 59 2RI £ 12
A AnEe A4S o 7 FAesolh o714 6

)= 717t Qlele] &qtel 7t ZQIES A&ms) RS
ouigitl. fd guzE A4 Al ARE P55 7 BA
&% MR g olfo R 2ho] By A 7t 7
Ao ZdeEle K3t FAFE FY F UEF ik 74
dnEFS AL oA EAHOEE 01E 3 Fof
g2 005%E 0957H4) 00570402 #A duElEs A
23S w 0890M £ Amrt 7 we] et ol 7]
22 39 EG¥olEE 0057E 09571 EAHES F
ZINZIAA daElEs s A EAHolEo] 015904
7 e FEskE Ae B AR ol eI 4
Wol&S ¥ 13 o] o & 5 JSUth A A9
AE 71EHez 600 oS RIS AS BUIHLE
200§] o]}\l—cﬂ 7:1 [ z—lz‘sh: 3l 1:7}. o} zgp;]. QU% il?l——a}o:] 300
32 AEEitk O3 4= 1 dnEEE 4495 9
Ad) el m2 HFE FolE vEhith

=
&
g

I

o :ioihﬂt:\lu

¢

o)

(=]

¥

i

Iv. 22 A

B =T MicrosoftAh2] Visual CH+& 7|10 F 3l
a3 59} o] RYAYHIE FHIIGI By AP F
ol A wis) By AA A, B wd A B ol
sk 7} @Ae] EZe) g EiM e 7)1l zMPE At
3 2 4= glom & o]t ALtd AIE TCPIPE F3l 2
R2eo] wjel Ala"le] ARE AT} B =idie B3E
F 4R Bs FYEIglon 4 B2 32 HYS V|ROR

Ko - Xsst- AAESs =2A M 113 A1 S

2005. 1

F 1227 B3g& sk

19 6, 7, 82 ISHURO9| 44 B3| I:HEH Ao ¢,
%% MRS o2 RS st f1l LuEe AL
7A%.0] A3} vjmelr) RE B A& ]A]_isel— b K|
&gt P TEEE o8-8l ARAe B AN ALt
Fot. ofo] & =l W SEe F /MEES o83t
o g AL 5L A9 B8 o] 7)EH oz 7ty
AL 7K Qomg =271 ARy sx 7KEEE 07}
fek old £ =RolNE B £ /SR 0F 71 &
nEEE st T A ARE ARSSEA) EaL
e A4S AR e FiE, SE KT} 0] o
F= oA @ glov o °“*1 odx] Al welA
o wzHel Ak Ueslole} ojZo] Hok meA 2
BolAle 2% 713 e FoiQ A7 AN &
7} Rt vl WSk

Al

Mo ol o

ad 5 2edEs] e
Fig. 5. Main feature of 3D simulator.
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