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In this paper, to improve the accuracy of the one-mass and three-mass inverted pendulum models,
which have been used for generating real-time walking patterns for biped robots, we propose a novel
model based on the three-mass inverted pendulum. The proposed model employs an approximation of
moment of inertia of the swing leg to improve the accuracy of the three-mass inverted pendulum in
estimating dynamic behavior of the robot. In order to show the significance of the proposed model,
trajectories for the Center of Mass (CoM) are obtained using the three models, based on a desired ZMP
trajectory. The task space trajectories are then mapped into the joint space, using inverse kinematics.
Having the joint space variables, the actual ZMPs for the three obtained walking patterns are computed
and compared. This comparison shows the advantages of the proposed model in estimating dynamic
behavior of the robot well, especially for walking with relatively high speeds. The kinematic and
dynamic properties of the models in this paper are based on the humanoid robot SURENA III, which
has been designed and fabricated in the Center of Advanced Systems and Technologies (CAST),
University of Tehran.
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Fig. 5 The actual and desired ZMP for changing the step length from
20 to 40 cm and time of single support phase 0.8 sec

40 4,20 51 o5 Jsb yuuss 1y (o8lg 5 00l Hlb jao jgliad alai 5 S
436 0.8 LSS el o g e 8l

g_i..aL;a )'l S u,..a.?u AS 50 g asls ‘_g].';.J LgUa} Ao y>duw J..\.a

Ao o a5l b,

4l 0.6 BELSTST el o) gl o jlwiunim2-1-4
5ol 2alS 4l 0.6 4 LFASS STl (o) aie Caond oyl o
3,90 (ol Jow g Ao yd e > ST o A j0 Se g il )..\JlJ
9 ool oad 03,51 6 S5 )3 (gilwtind onl 4 05 0 S oy
5 PEASSS cll> e Jsb o e e ke Jlade pizren
420 5l ol o5 Jsb pews b sl soal 3 Jgoz 0 LalfaSige el
Uil agl e 0.58 4y 4l 5 56 0.29 3 &b,y Ceyus e il 40
b oo

las Jlode Cae s il b golpiig Joo 6 S5 53 Jouz illas
s55iem o115 6 US55 45 jshien wns o 2alS Sty JS5 w1,
SN da >S5 Joe o Aly yho jolisS abi Jlade e ol (sl
doyzd Joo g waly> bl Ol g oal )b aBASS s v

120 : .
——— ZMP reference

=== ZMP real (One-Mass Model)
------- ZMP real (Three-Mass Model)
==+ ZMP real (Proposed Model)

100+

ZMP (cm)

Time (sec)
Fig. 6 The actual and desired ZMP for changing the step length from 20
to 40 cm and time of single support phase 0.6 sec

40 4,20 51 o5 Jsb yuwis slp (o8lg 5 00l b jao jglial alais 6 S5
436 0.6 LSS cllo o g e 8l

331

Olgise e sbly; ol banT se cansay Lade sbls) 5 00l J>
dslio a2l jho liss abis L) ably jho glis ahi e
e (6 eolpiiin Jde g deyzd e, ST oo L) e 0 S
5 Ngd oo asdlle o ilw 50 4 20 4 jio swls 40 4 20 S5 sk
SobeiS alads g aBly ho jgliiS ahad o B les o5 s ke
aw‘sa e r o 00l L;‘>|).|a )M
Sl 3 Uygm by slo g Lobsly b el )y dogiludcds cpl 5o
(CAST) wibyiny slacsysld 5 i 3550 50 Sy cpl & oa
syl 4 baye Ol el sad aisle 5 2k ol oKiils

Gl 00l °‘>)5" 1 Js..\? ) ch‘_g)LMJw U"‘ 5 ool oolaul

oo sl 40 420 o Jgb e 51,2 ol 1-4

Joe g depzan e, >SS o st CBo g > lade Ceend pl g0
o by @lp gl 40 4 20 51 o8 Job i (slp solering
2 e Gl 0SB s p 890 Sglite SSASISS
Dgdise gy Jo dw Loz jlade

sl 0.8 BB 4sS3ST > yloj (6l 6 jsdemiim 1-1-4
g Sl ooy 5 4l 08y AEASS Sl ooy siluaees (ol o
020 5§ B b a5 (gl o6 jlotend At el i 0.1 _alfa S
e oeSile ke mizan 5 e oad @) 5 S s e il 40
2 Jgozr o b wead (b g (HBly jho joliaS abli o S s
a il e 0.22 §) oy giloand opl o @ly (5l ol 00l
2,5 anlss g il 4t e 0.44

LU A ok nsd a0, S Jae S S8 5 2 Jsor il
by ln ly ol &5 2 90 0 bty Jae 5 aezran Joo Lol oog:
4 S g3l Joo 85 003 (lin 2 Jguz (o p b 9S00 e

&olwdnds 35 o0l oolaiwl glo el )b 1 Jgue
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Table 2 Mean square of error for changing the step length from 20 to
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Fig. 7 The actual and desired ZMP for changing the step length from 20
to 50 cm and time of single support phase 0.8 sec
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Fig. 10 The acceleration components of the ankles for changing stride
length from 20 to 50 cm
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Fig. 8 The actual and desired ZMP for changing the step length from 20
to 50 cm and time of single support phase 0.6 sec
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Fig. 9 The obtained ZMP trajectories from one-mass, three-mass and
proposed models
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