1A1-EO3

HERICERERR/NGHE/NT XA = DHERHRE

Stochastic Identification of Minimum Set of Dynamics Parameters
that has Small Sensitivity for Control System
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Accurate identification of minimum set of dynamics parameters is required for high-precision or
high-speed motion control of robots. Although the Least Mean Square method is generally used for
the identification of these parameters, the identified values are not a consistent estimator because of
errors included in the experimental data. Instead of considering these errors, this study regards that
the minimum set of dynamics parameters fluctuates stochastically. Based on this idea, we propose a
stochastic identification method to obtain identified values that have small effect on the control even
when there is such fluctuation. The effect of minimum set of dynamics parameters on the control can be
considered by calculating the sensitivity to the state equation including the controller. The simulation
and experimental results show that the proposed method provides identified values that have small effect

on the control.
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Table 1 True values of the parameters, mean and stan-
dard deviation (SD) using constrained proposed
method and least mean squares (LMS) method.

||| True | Mean (SD) by proposed | Mean (SD) by LMS |

p1 || 0.0120 | 0.0142 (0.6x107%) | 0.0138 (0.2x107%)
p2 || 0.0350 | 0.0394 (1.4x10~%) | 0.0389 (0.7x10~%)
p3 || 0.0850 | 0.0862 (3.1x107%) | 0.0857 (1.3x10~%)
ps || 0.1100 | 0.1115 (4.0x10™%) | 0.1108 (1.7x10~%)
ps || 0.0010 | -0.0009 (9.9x10~%) | 0.0022 (1.3x10~%)
pe || 1.4000 | 1.3996 (5.6x107%) | 1.3979 (1.6x10~%)
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Table 2 The parameter values identified by the con-
strained LMS method and the proposed method
from the data obtained by the experiment.

’ H Proposed | LMS

D1 0.0853 0.0791

P2 0.2035 0.1865

p3 0.3149 0.3023

P4 0.3975 0.3816

Ps -0.0041 -0.0546

pe || 1.1591 | 1.1760
E N — 3’ >
E; " vﬁ’u\)‘ Start. :{i o C::i\/\ Stalrt y
el T ) e |

2oy M e M e Bl S = e
(a) Proposed (b) LMS

Fig.4 The trajectory of the stabilization control.

T RBDPHEBIZ L > TRERMY 2Fo720, HOEHL
[8] 475 Z &Ik, EERTHRONAGOEX 25T 5. Eh
F—=RANOATT A RN & 0 EHE UL L 235% &, [E
UMIZBVLWTREBHERPSHAELEHLEZE D% 2] L U,
X (19) OFHMEREE J D ZFHE L7z, Zh oL -8%
BUZEDEK 5,6 12RT. FHiREROMEIZE/NFEE2HV
THRIRA—RFAEERFTT-T2E & J =202, REEEZHNZEE
J =137 ko7, ZOHERNS, FRIZBWTHERELLZH
TEENPBRN_TIE L D BEPEL RE LD ICAEERITATVWSZ
EWbnb., ZOMRIIK 56 DA TRINDIBHIIKELH
NTW53. M6 TIE, ApllL>TEHENKELLEL, IWENK
ELAELTWS,

5 &b

AWFgE T, GHECERZEBRNEI DT85 X — 2 DEETFEE
BEL, YIalb—vay, BLY, ERIZEX O EMMEZKRIEL
7. UTFICRREERT.

1. BRY hOBRNEHFENRT A —=XDEREIZEWNT, [FEEH
FT—RDOMEENT A —RZDERNEF LIRZ, T A—
R DML B HNMEL ZBE %2 5HH T 2 FIEERE L.

2. NT A= RDOEFNIZHIHR ZRERL U 7B DB DA B A3/
XL B EIREBIZHE D W EHATH AW HETFEE
RELU-.

3. RETEOAEEMRILL, FHMREIZE > TREFED
BEMER Uz,

4 BETFEZHVDE Z L THOEHHPNE L L HR/NHHF
NRIA—ZPEONDE T L2 ERIZEOMREEL 7.

SE 3

[1] Horibe, T. and Sakamoto, N., “Nonlinear Optimal Control for
Swing Up and Stabilization of the Acrobot via Stable Manifold
Approach: Theory and Experiment”, IEEE Transactions on
Control Systems Technology, Vol.27, No.6,pp.2374-2387,2019.

T: I calculated from the experimental data
t: calculated from the equation of state

A

o Start pr

i
Vi
l.«;.,_,(,‘,_.,,,,nnn.n ,«-._._

é 1 [rad/sec]
o

1.8 < = 2
1.6 X

b, - -
24 14 - 14
"0y il R

Fig.5 Averaged fields calculated from the experimental
data(blue) and the equation of state(red) when the
controller is designed using the identified parame-
ters by the proposed method.

: Z calculated from the experimental data
: & calculated from the equation of state

)

Q

2 Start

E 0 'rm{*”rl:,nu:p,‘: E—

e " -‘Hn;.a;.l“ A, 'p
A “*ﬂ\\khx o
-4, ‘_f
2

18 2
16 ) e 8
2 14 e 1.4
% 12 3 A2 6\“6&

Fig.6 Averaged fields calculated from the experimental
data(blue) and the equation of state(red) when the
controller is designed using the identified parame-
ters by the constrained LMS method.

2] MMEY, WA B, N2 RS ERE L % ESHET O TS B
A0 @E Ty ba—F G, HARBKT 2 CE, Vol.8o6,
No0.884,p.19-00167,2020

[3] Mo, J., Shao, Z., Guan, L., Xie, F. and Tang, X., “Dynamic
performance analysis of the X4 high-speed pick-and-place par-

allel robot”, Robotics and Computer-Integrated Manufactur-
ing, Vol.46,C,pp.48-57,2017.

[4] Khalil, W., Bennis, F. and Gautier, M.,“The use of the gener-
alized links to determine the minimum inertial parameters of
robots” , Journal of Robotic System, Vol.7, No.2, pp.225-242,
1990.

[5] AN ¥, B =, HbFESE, KR % «O 27 ARE", 3v 4,
2017.

[6] Koditscheck, D. E., “The application of total energy as a Lya-
punov function for mechanical control systems”, Contempo-
rary mathematics, vol. 97, pp.131-157, 1989.

[7] Okada, M. and Sekiguchi,T., “Throwing motion design based
on minimum sensitivity with respect to error covariance of
robot dynamic parameters”, Mechanical Engineering Journal,
vol.8,No.1,p.20-00299, 2021.

8] MHESS, 27 7L, sE B, “ARMZEIC X2 HERBHROH
BRI, B AR 28, Vol.86, No.889, p.19-00268,
2020.

No. 21-2 Proceedings of the 2021 JSME Conference on Robotics and Mechatronics, online, June 6-8, 2021
1A1-E03(4)



