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Parameter Estimation of McKibben Pneumatic Artificial Muscle System

by Game-theoretic Learning

Ryo NAITo* and Kiminao Kogiso**

This paper discusses about estimating nine parameters of a nonlinear model of a McKibben pneumatic arti-
ficial muscle (PAM) system in a game-theoretic learning way. An algorithm for the learning is constructed to
find a Nash equilibrium in which the parameters induce transient and output responses close to corresponding
experimental reference data. With a practical PAM system we made for validation, then, it is confirmed that
the learning algorithm can estimate better parameter values in the sense of how close the computed responses
and the reference data are and of how long it takes to acquire the parameter values.

Key Words: McKibben pneumatic artificial muscle, parameter estimation, game-theoretic learning

1. 13U ® I

McKibben 225 F o4 AL, FEEFHEEO X v v 2T

WENZT LT 2 — THEIEMEREEAT 5 2 & THIE
KETPHFENE2RES TS, DX aHEEZET 2 NTH
&, KEBOAF2—TE Xy V2 THEENSZOICEET
HY, WIRELCFERMELR SITBERLTWS, WL, TRy
N OBERALR G OLEMERSLER) NE) T— 3 v
fee D) ML -y FEE D R8T — T/xb%E® %
LT, BAKRYZEDT 7 F21—5 158 LTWA
ZD—}hT, ImF:Akiﬁw%Twm&ﬂ@u,%ﬁ
W TH L DO ZNIE, TAF2—TOREEL, JEME
RO, A v ¥ 2B OBEENGERT 2 A7
AL EDOIIE D VRIS B 72O TH B, BAET
L NTROE T MR G T 2 1ERAFFETIE, 205 <
ML AT Y ADMILELR N LR E K2 RO
TSI 2 FETET LR TR, ERDPH
TEEAEHT 272000 N MilZR DD 25474 27
E— NHIERYS), FA AV a—) vy IHIER Y R ET
BELTWE., IS50E, NIHADEFEIZIE LT

N ety R NS NS LR S T e

By AT 8916-5
> EFOBERF KRB TR ST o I 1-5-1
Graduate School of Information Science, Nara Institute
of Science and Technology, 8916-5 Takayama-cho, Ikoma
** Department of Mechanical Engineering and Intelligent
Systems, The University of Electro-Communications, 1—
5-1 Chofugaoka, Chofu
(Received September 23, 2013)
(Revised January 23, 2014)

Fig.1 [Illustration of considered PAM system
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Table 1 Variables and parameters of PAM system

l : length of PAM [m]
€= LL_Z : contraction ratio [-]
€= % : velocity of contraction ratio [-] %
P : absolute internal gas pressure [Pa] g
\% : volume of PAM [m?] E
m : mass flow rate [kg/s]
Dy : natural diameter of PAM [m]
Lo : natural length of PAM [m] g
L : initial length of PAM g
after weight loaded [m] E
D1, D2, D3 : coefficients of polynomial [m3] _s
M : mass f the wieght [kg] &
g : gravitational acceleration [m/s?] g
Pionk : source absolute pressure [Pa] ﬁ;
Pout : atmospheric pressure [Pa] 2
k : specific heat ratio for air [-] ‘%
R : ideal gas constant [J/kg-K] g
T : absolute temperature [K] &
K : coefficient of elasticity [N/m3]
0 : initial angle between braided thread | g
and cylinder long axis [deg] qé
Cq1 : correction coefficients [-] 'E
Cq2 : correction coefficients [1/Pa] ’g
Ce : Coulomb friction [N] z
Ao : orifice area of the valve [m?] %
k1, ko : polytropic indexes [—] g
Co : viscous friction coefficient [Ns/m)] g
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(b) Projections of O and O
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(d) Original data of
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zoidal and triangular areas, experiment [ over
by using the processed data
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the side range [0, ay],
where it is a low
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figure.

Algorithm 1 Parameter Estimation Algorithm

(e) Two projections
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(f) The error over
the range [0, y] is
a sum of triangular
areas, by using the
data ]D)Ql .

ments. The points
are ready to be de-

noted as ]D)(,l.
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Dezp, denoted as O and O respectively. (a)-(c) are
about processing the data over the middle range and
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sponses, the similar technique of (a)-(c) is used to cal-
culate error areas
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Fig.5 How the parameters and the utility values are updated during playing the games
in the proposed algorithm (M = 5kg)
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Fig.6 Comparison of steady-state responses of experimental data Dezp,s as ‘0’ and
simulation data Dy, s as ‘O’ under M = 5kg, before and after applying the
proposed game-theoretic learning algorithm to the parameter estimation. Areas
in grey expresses the error, d(Dsim,s, Dezp,s)
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Fig.7 Comparison of time responses of experimental data Deyp,: as ‘0’ and simulation
data Dgim,: as ‘O’ under M = 5kg, before and after applying the proposed
game-theoretic learning algorithm to the parameter estimation. Areas in grey
expresses the error, d(Dsim, ¢, Deap,t)
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Fig. 8 Utility values: the proposed algorithm, quasi-Newton
method, and Nelder-Mead simplex method
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Fig.9 Computation time: the proposed algorithm, quasi-
Newton method, and Nelder-Mead simplex method
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