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Development of a Simple and High-Performance Positioning Control Method for
Precision Servo Systems with Nonlinearity
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We developed a simple linear model-based feedforward control method for fast

and precise positioning control of a precision servo mechanism with nonlinear elements such as
mechanism rigidity and friction. The proposed method estimates the plant frequency response function
(FRF) that effectively approximates the nonlinear elements from plant input/output signals during a
positioning motion. Through detailed theoretical analysis of the FRF estimation and simulations and
experiments using a galvano scanner, which is an industrial precision servo mechanisms, we verified

the effectiveness of the proposed method.



FF
FRF: Frequency Response Function FF
FF
3
FRF
FRF
FRF
FF
FRF
kHz pm
2
FRF
FRF

FRF
ETFE-Diff Empirical Transfer Function Estimation With
Differential Filtering

FRF a b
(C)FRF 3

FRF

FRF FF
FRF FRF
FRF
FF



Maxwell Slip S-GMS
2

FRF

@

2 bit

(b)

1/10

(C)FRF
ETFE-DIff

FRF

@ (@© 3
© @ O

©
FRF
FRF
©

Vector Fitting

FF

FRF

1
FRF
2
FRF
1
5 10 dB
10 dB
FRF
FRF
FRF
FRF
FRF
@
©)
FF
FRF
FRF

Smoothed Generalized

Motor forque

™

Mirror angle

6,
—

>
gM
Motor angle

Gain [dB]

Gain [dB]

80 —— A4q =001V
Ag =05V
-100 !
2000 2200 2400 2600 2800 3000
Frequency [Hz]

— 4¢=001V |
— A4 =05V
100 . . . |
2000 2200 2400 2600 2800 3000
Frequency [Hz]
FRF
0 T
— 20 ¢ 1
S a0
£ w60+ i
< -80
-100 s
10°
Frequency [Hz]
0r
"o
&-180
2
B30 | |[—True P
&~ ---- Estimated Pya
-540 :
10°
Frequency [Hz]
FRF
FRF
300 -
200 -
E
=
= 100
3
=
3]
an
g -
3 S
&
-100 | b
—— Conventional Linear Model
——Proposed Linear Model
-200 -
0 1 2 3 4 5
Time [s] %107




FRF

98 %

FRF

FRF

FF

FRF

FF



Yoshihiro Maeda and Makoto Iwasaki 70

Empirical Transfer Function Estimation with Differential Filtering and Its Application to Fine 2023
Positioning Control of Galvano Scanner

IEEE Transactions on Industrial Electronics 10466-10475

DOl
10.1109/TIE.2022.3217616

9 0 2

Yoshihiro Maeda and Makoto Iwasaki

Frequency-Domain Modeling-Free lIterative Learning Control for Point-To-Point Motion

The 32nd IEEE International Symposium on Industrial Electronics

2023

2023

2023




2022

2022

A. Ogusu, Y. Maeda, and M. lwasaki

Comparisons of FRF Ildentification Methods Suitable for Linear Model-Based Feedforward Control of Galvano Scanner

The 8th IEEJ International Workshop on Sensing, Actuation, Motion Control, and Optimization

2022

2021




2021
2020
0
2
2022-138155 2022
FRF , FRF ILC
2021-031312 2021

https://icontrol .web.nitech.ac.jp/

http://icontrol .web.nitech.ac.jp/




(lwasaki Makoto)




