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Dynamic Walking for a Biped Robot Using Fuzzy Model
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Abstract

The biped robot has the better mobility than the conventional wheeled robot. Since a biped robot tends to tip over
easily, it is necessary to take stability into account when determining a walking pattern. To ensure the dynamic
stability of the biped robot, we have to adapt the ground conditions with a foot motion and maintain motion, and
ensure its stability through the kinematics and dynamics analysis. But its mathematic model is not too easy. In this
paper, in order to ensure the dynamic stability of a biped robot, we design the fuzzy model and confirm the realization
possibility of the proposed method through some simulations

Key words : ©]& 2% ¥z 2d 53 n3 3 #37, ZMP

1.8 2

2

B3R e
PS e

o|F 2o Bl glojx, AYsh= e U=

3 Jgole) AAL FAdH ALw) gRR
o] ZRL 7|FE HIFE Aol R nE © T =T ¥ ALSs AP Aste 4P

O] EAE 7tat) s A4 Yol 3, AQ N Ampe  TEY, AW oy thgdt T

%4
A% 74 W, B4 A4t U E3, Aol

r o

A, 22m FsBol e AY TN 2R HPAL °1H L,
FR37)7F ojdnk A BRE 9 Exol BMm Ba  AH] ATk old FAE ] Hs&, Shin[8lE 29
¥ Be A7y Aotk Be APEY zHe zRe OE HES 2 AH BYL fAst] 33 AFI BbEE
B e 29 24 2 98 aTss AAe s olESAnh B =EE 2 AHSs WP st 33 2%

£ Aol [1,2] el wzbge Agec [1-3]

Zerrugh & A9 71784l dlolEd] w& o|F =
Ro] B3 el s A7ttt McGeers Welwhdel A
Z83 Ao AE5ALoE £FEHOE AAGE AU
23 deld ds) rlesidd 4 ddx B 7|HS o
Hy e=uhde] #387] 918, Channon® Rostami,
Roussel5& od=] 4v]e] HA3E 93 AlolE A &
A Atk

o] ZXL A Holx7] wid, Ry HAHS FAHY
o, ABFEE uHsle AL Aot} ZhengBS A<
et dE A AlolE A W& A¢tstsitt Chevallereau
' AL duAs #Ad A5E e o AU A
ol =9 stttk FgAEAE, B dux] A4 A7
tAAdol thEt AL FHF) FFA|FIA £33l

HaodXt 20044 58 159
§AZAX 20042 7E 1Y

2o A tFAE sty Y3t 2E9| A9
=27 ol AHL vf¢ F23lv}l Qiang Huangs
2 F3ol9 AH AEE At 3% 25 BEES A
okttt slx|wt 1 483 mdo] YE Bz, ZMP9
A= glo] Addole AHE Y534 [1,-3] L3 o]
AXS 25 43 dopd, 7178 o3 o]F R¥ BE
#Hd ARE AT 5 It webA 2 geHe wm oy
ol9] #AF & FdatA B2AHH

B mRoaie 28 49 s ¢sted, 33 ~Zg}
ol Bl o3 ~4dshe o] A™E AFsha, HA =
B
()

¢

ok,

B =Re thed gol TAHC Atk 24l 293
£ olE zxe) wel A4 A4l el Wy, 3FNAE
Jeio] A A4l sl =@k 4gelAE ZMP 49 1
uael e Swel Bl w=ekE, 5RINE AR

r

481



HX ¥ X sAIAES =X 2004, Vol. 14, No. 4

3 23 e T 63elE ARS Bk

z,(0)=
L. t=kT, (k+DT+T,
2. 2dst= Eo AXH 44 1, sing, +1,,cosg,,  t=kT+T,
' ) ) {H,, t=kT+T, @
a9 194 BE A Zo], HAE 7 A FH 2 .
2g n#st, 7 gt 3hEe] 9yl BAHY 1A4GE |l Thacosgy, 1=G+DT
o $2 B, 2GR BE P9 F 6= A |1, r=(k+DT+T,
ATh9] VA B F71E MASE, T AR g AR
o F AR U= F Uk A7]A E AR e 3E Lo EF, t=kT t=(£+1TAA T AA7} Ao AS
Awo] TAHo] S W, ThE L HeN Yo 29 Hmz 74 =Ae dad 2t
goh1]
T2 AR edHolzt 1A, AA B3 F719 20% ( 6,(kT) = 0 ) "
2 gt} a9 204 B AAY, ASHAA 295 2 6 (E+1)BT) =0
AR L g 2ol 2FE 4 Sloh[l] ) _
. ( #(KT) = 0 ) ®)
X, = [x,(D, 2,0, 6,017 (kDB T) = 0
AA7IM, (x,(H, z,(MT TF A FFe|3, 6,(DE
we) zholt)
g A5E A Hag ARMS T Y, AHA 2S5
o) N+ RTHE (A +DT7A otk d7olA, £ =1, 2,
3.01x, g9 Folvh kA B3 DAE t=kTAXN &
g3t 2ol ABAZL AW w2 AFHI,
t=(k+ 1) TelA 293t thele] AJA7E Aol 2 &
el Bl P @ z
& g 2983 o] AWE wd o =243 uo y
dtee] Zhwolrh. wWhte HAZE A”] Fe AR
1= kTS t=(k+ DT+ T,3 39, el 74 24 dg
& Siek
8,00 = (_quf LT T m 22 1. biped robots] =

Fig. 1. Model of biped robot

471N, T,/& F% AR Aclw, Ade HFHsitin

7R %}, 04 24 89
BFegel e 8748 s, 293k T HuHd Hip trajectory

A AAZE (Lo, Hyp) Bk 81, (DF 7174 212 8R

H Oge 48 F Ut

x,®=

kD, t=kT

kD, +1,,sing, +1 (1—cosg,), t=kT+T, ©) 0 7, 89:
kD +L,, t=kT+T, (O Foot trajectory
k+2)D, -1,,sing, -1 ,(1-cosq;), t=(k+DT g
k+2)D,, t=(k+DT+T,
@ 3)NH, D= 3 23] Hojola, 1,2 EE ¥ a8 2. 23 g

ololi, A= W= BHERY wrezie Zololx, [, Fig. 2. Walking paramaters

= HEANA ) dolold,

482



z:,,(ch) =0 ) ©)
Z((k+1DAT) = 0

20, 2,00, 8, (tV= BE HAHA dsolojof g}

olate] & FAL o]fdly, 33 AZTQ] Bibiow

Eo] AXE AATH[1,2] T AH =4 gsiE g,

% g, (Lo, Hyp) B vHte] 024 dstA A5& 4

g # gtk

3. ddol AN 44

@39 BHoR B o), Yeld) $AYL ul$ Fas
o, 3R slele el $H0l 1, YFolel Fol 1
A WY uolN Wtk B wRolE B8 XY F1t
oA 7 Be AAolT, TF AR FrelA 7P e

Axg 7HEEA, 2,0 &9 2o

H,.. t=kT,+0.57T,
2, () = H > t=kT, +0.5(T,-T,)
H.» t=(k+DT, +0.57, M

2 (Do) BHEE I, 23 =FFEC] 95U o, 2,09
A Eg 33 22l BIPPoR AT & A (1)

(D8 WEe APFAdAM o)F 2R IR R
a3 alolt). kM AFEINAME 878 ZMPE Ay
F A FHol A8E FEI= VHES L AR
o] 7IYES] G2 dgol si&o| wlg Aok, 1 &
g3 mdo] UF Esith £ =R 28] dHES
AE Alolol x (Do WIAE YY) 3y HA R
AHg-3hd T

A3t BPA ZMPE AEsHA RFLZ A olE 7|9

S AHE3TL[4] o]F 17k HAS YRt R 3td, ZMP7}
74]*61]/\1 gow FAAT 7HA% L, o] W& 1 (HE
A A 2dg AMgsth ZMPE dWdole] AXxe A9
3 o YX|of o3 ZA FFE wevh HA Ede] g
g 2gdt= 29 AR o X9 29 ZMPS X
3= thEle] zol2 s, ¥ JdYoly «F AFHo=
8=y

AL A WAEFE 1Y 39 23, £29S 45 9
e O 49 Ak HA =9 7R #EFE ¥ 194
BoFEeh 29 3-(a)v 2dste tEet AR s theleke]
akolell Wigt #A WHEFolx, 1Y 3-(b)e &AolE
ZMP$} A A st vhelohe] Aoldl tigh =] A ghre)rt

= ZMPS 293 thele] ¥l w3e| ZMPo
ojFol uwa}, dHoje] YPR= Tol 01%61101: e Bl
Tk AR 9] Sl dEol HR= F vhele Fkel 9l
g A E T =2le sdAAde E%—J SR A FHE
2] A2} %%011*1 w7k o] A7t A2 27 o
wolth BlHAgE FAFAYE AMEEsTh

HX| mdlg ol8st olF 289 5 23 M

(a) YU 19 25385

ZMPX-;,(S(WT\)
(b) QFAF 29 254

a3 3 gYussd wH4 ¥4
Fig. 3. Input membership functions

08

Degree of membership

38 4. 9 Age] 24585
Fig. 4. Output membership function

E 1L 8 AA g H# 74
Table 1. Fuzzy rule about hip trajectory

B NM NS 7 :L

483



HA| & XMLt =F X 2004, Vol. 14, No. 4

zmp, XX,

X x| [ ns | zo | ps | v pB
NB | NV | NB |NB |[NM|ZzO | PS | PB
NM | NB | NM [NM|Ns | zo | ps | PB
NS | NB | NS |Ns |Ns | Ps |PM | PB
720 | NB | NS |Ns|zo |PM|PM| PB
PS | NB | NS |NS|PS |PM|PM | PB
PM | NB | NS | zO |PM |PM | PB | PB
PB | NB | NS |20 | PB |PM | PB | PV

4.ZMP Ho| 2 Bdo| otEHM aHu

IMPE BE #4g9 o] 0o] S Hog, o]F 2y
£ HHAY) A8 AR geled 2 el EAsel
#eH1,2:3]

ZMPE thg el $ANoE ANG ok

;lmi( 2+ @x— ‘Zlmi’%izi— ;:llz‘ygiy

;lmi( z2,+ g)

Xzmp =

®

A7|N, miE AA B39 AFoln, I8} I, BYY
olal, 2.9 2,% A YA FA FUAY HEd &
Eol1, g THMGEOITE £ =RolAe 2R @d§
¢ AE AN yioze) $4Ye gokn R

E 2. olF 24| g3 ey
Table 2. Link parameter of a biped robot

1, 120 12
1, 115 0.3
I, 115 03
- 40
Ly 30 0.2
L 40

5. AlE3jold & 23 uF

B =RdAeE A By vwter, 28| Ae F
ZMP7} AEEA FHolaL, FAl= A= Avk 714
3, FE3o MRt dstdh Algdeldel AHgd
gae] FA Zole & 204 HAFEch

IY 5 HRY AWM 29sts 2o AHE B
o 2¥ 5-(2FE 29 4xrt 874" 4= AWs
Hun =348S 2 4 ok B3 29 5-(b)$ 5-(c)25-H
293 Ee HHo] FERA HYE £ & 3k 28 6
< HA =2 E Fot] A YWol9 xF Wtelrh HA
=eo AHEE ZMPE 2Ro] FELE AAFL e We
Fae] o A, FE AAY de AAshs 2o
ol gFoz FAQI0m Mgt o= Qe By
# A e e f8 PEE Aejth o™ 72 9
7B 4P 23 AgYold ARE RoFErh 19 8
2o 3E&E Ae Fdo ZMPY HEE BAFETH
I-AA 2ROl #H3S He T FEAAE AFEY
o gdvole ZMP7F HE39 ) Ao ARt 2Rl
Thh BEAT ol £F o2 dojun, o3 ZMPE
ARG ool SAER, TRl YRR ¥, 3t
A dg 5 3t

QF
5

— T

Z}

rlo mu

. . L L . . . . .
] 0.1 02 03 04 05 06 07 08 09 1
timefs]

(b) 29 x5% A<



Zmen]

75

701

65

Fig. 6. Simulation result of hip trajectory
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