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Design of 4 joints 3 Link Biped Robot and Its Gaits

ABSTRACT :

Sung Hoon Kim, Jun Ho Oh and Ki Hoon Lee

biped robot, ZMP, gate

In this paper, the new type biped walking robot which is composed of the minimum number

of links just for walking and its appropriate gaits are proposed. The proposed new gaits for this robot are four
—crossing, crawling, standing and turning gait. In designing the biped robot, we propose the Performance
Index which means the needed torque per a moving distance and generate foot trajectories by 3™ order spline
interpolation. Among those, numerically we find the optimal conditions which minimize the Performance
Index. Dynamically stable walking of the biped robot is realized by satisfying the stability condition of ZMP
(zero moment point), which is related to maintaining the ZMP within the region of the supporting foot during
the single leg support phase. We determine the region of mass center from the stability condition of ZMP and
plan references which track the mass center trajectory of constant velocity. Finally we implement the gaits
statically tracking the planned trajectories using PD control method.
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Masses of motor at each
joint

Total mass of biped robot
Lengthes of each link

I, 1, 1,1, Moment of inertia of
each motor
f The length of the foot
d Moving distance
8=, 8, 6, 6,1 Angle vector of joint
X =[x, » Position of joint i
X, =[x, »] Position of center of
mass
g Gravitational acceleratio-
n
Xy Location of zero moment
point in the x-axis
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torque vector
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Fig. 1 The model of 3 link biped robot
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Fig. 3 Crawling gait

X

2714 (a)ow 22 XAsY ddg ol

3.3 E7LIT 2 2Ai(Standing Gait)
Azbol BTUT g U9 FUE 22 ¢ 2

A o]t}
Direction <S—-—"—

D?Sg %(Cﬂﬂ

G ® ® @ O © @ © ® @
Fig. 4 Standing gait

27148 @dA e AAEFHH HL A5
Ab-d) F+HA AE7l ik EFUIEE A H
() BHEo g Bg st ZA| Frkg)).

3.4 S&7] ZSM(Tuming Galt)
vixjgto 2 EFUYRE AA ¢

4+ Q= ALl
Direction <o——————

i ta ety

@ @ O @@ @ © ®) @

%3 2o HA

Fig. 5 Tuming gait

z27] A8 @A e A EE Hg A
AA(b-d) THEE Ael7l @b B 7F2Y A o
22 Aol utd&oz Yozt T &R 3t} (g)

-524-



4. =& 4 H(Optimal Design)

4.1 M& X|$(Performance Index)

2o F2E 3719 H39 2719 22 ojFo
A Stk 718 ZAEAA nA Ao e &
of #&x& w79 g A A (Single-support
phase)ol| A} A A gt (Fig3.91 (b-d)#4)

Fig 6 2 % XA ZdejolA] FA2 wio] zpA

olth, A Wg2s b P39 dol |,L,59

o
U 17} 39 Zol7} Zopm @)
(h=hL=1) 2X%& EF3H(normalize)st”] 93l
12:3lcmi ARSI L2 Zol
AFes g 2o

d
2 _ 2 2 2 2
LI =Tai+To tTas+ Ty
2

A WA F Alztelx

Yrp v A BEO HeEle HAH E39 Algy ¥
ot 4% AT Eate bd AA et
AR A EAY ¢ 9v|sia EEE olF
AgE YEhdYg. 1B E 4% AFe e
2 99 olF AgY 2528 EI9 4& dnlg
o A% A WA Zol 1, ol AY 4, ¥
ol AR we} AP 2 AFAE 2Q)
< Hidse 218 FAHz T oy e
22 7tgd A FodA Higsie ALE E=
FAHQA WHE o] &I

42 =O§ olE 7 2Zl(Maximum moving distance)
2A Zol 19 HMYE 15,16,.45em 9 o]4bE <

f54

goz Agstn AAdA ol&HE FA FAY
g3 2] Adl YA 4] A 22
S HEsE wY WollA Jo WE Hd olF A
g dy S T f?_‘:}

* ,»“’j Range of

: 2 possible d

o SIS

* E i Rangt of { which

" ; i satisfies the|obstacle

: / constfaint

15 El 3 ) E3 « [
Tiom)

Fig 7. Maximum moving distance d,, vs. [

<x <
£

-h|\
&N

y, =1sin@ +1 sin(6, +6,) >y,
A o At Ee sy AZ 24
(Obstacle constraint)el| A d,,, > f ©loJof &t 75
8t 1=32,33..,45cm ©] 3L 4=21,22,.35cm & ¥ ¢

g Zred
4.3 2ol ZZ 4 M(Generation of foot trajectory)

ol% A7 do wet ARG LE I
ol F YT WY oF BEJ} FF3 yoh
a2 AFME 1 %01 FER FAYE F
o7 {3l 3x =E B ¥ (Cubic  spline
interpola -tion)S ©] 8-t E} /3= S A2 ends, 3
knots)@ 2 782 71&7](slope)E TEII= HRE
A gt

Upperbound A

slopel
(-d.0) (=10 (f0) (4.0
end? Obstacle constraint - end1

Fig. 8 Cubic spline generation for foot trajectory
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Fig.16 Walking pattern step by step at standing gait
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