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Discretization Effects of Real-Time Input Shaping in Residual Vibration
Reduction for Precise XY Stage

+
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{ Abstract I

Input shaping is known to be a very effective tool for suppressing residual vibration without introducing any
complicated sensors and feedback control. Real-time input shaping schemes necessitate a process such that the input
command is discretized to deal with non-prescribed, real-time input. Thus parameters associated with input command
discretization, such as time spacing and duration time, are unknowns which affect the performance of input shaping
schemes, especially for small and fast XY stages. This paper investigates the effects of input command discretization
parameters, such as time spacing and duration time, on the dynamic performance of XYstages subjected to real-time
input shaping. An experimental system is developed which is equipped with an XY stage driven by servo-motors
and real-time user command. Experiments are performed to investigate the dynamic performance of XY stage by

changing these parameters and to yield a strategy to gain better performance.
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Table 1 Input shaping parameters for ZV shaper

Natural Frequency 6.25Hz
Velocity 180,000pps
Acceleration Time 200ms
A 0.52
Ay 0.48

orro

Hx) ezp9] SHE &
549 2o g EH#Z:i—F}% ol g-ste] i
9 A7|(A1, AYE BAT

AHo] 1 07\5/\ a ¢

RSl 3k Fojoh

2
Eiv)
o,
oflt
)
1=
lo
©,
oo
ot
ol
X~

3.3 XY AHOIX] Y4z 2%}

2 Aol XY 2o]o] 485 els
oS 2 E3| JFAY AN AT AE
4 A17be] slol] HE XY 28jo| 7o) FEEA
o o7lo] AHgElE AR dBAHAE AFHE)
(Input Shaper)E EE% 3} ‘-’Jaﬂ“ g
rence Command)o] o H H}%?ﬂ.ﬂi Ad
/\]ZJZ}@]"]E} o] 5

A g3tol oo 7—?4—4 A A o it AlAR o] 7HAl= A
ZHA (Time Delay) &35 vl wst7] st

A7) YHALAITHE AR F DA
Fig. 79 352 15 7S YEW L, 22 XY 289
A9 QA 23, & AF 27|15 JEWL Fig. 79 (@)=

74

600

—_ Ry
@ ST
w .
S R
o 400} ior
g &
e Ky
o )
c )
[e] I3
= ‘0
3 200f /
o ,r‘:’j
'.7;
0 L
0.0 05 1.0
Time(sec)
(a) ZV
600
T "‘""‘:‘me
@2 7
3 400 P
g P §
g C L
o 4 / - 80ms
c ,"
] 200k Ky - 40ms
§ s ’/’ ----- 20ms
SF - =-10ms
0
Py
0 L
0.0 05 1.0
Time(sec)
(b) ZVD

Fig. 7 Comparison of time delay with the time spacing
varied at ZV and ZVD

ZV, (b)= ZVDe|| thst Aato|tt. ZVD7} ZVof H W ajA]
AdtA o2 A4 A 7HRising Time)o] 5715t AFS B
SR glol AT offh Wik SUU A el
Z1 9tk &3, & FS BE A77HA 0] 20ms o3t 2
49 A28 o ATl B8 4320 A
nAA g& & & ok oL AESY % EEYE
Fot gl Aa' A5 AR AT Aot whebA
AR JHL Qe AES R AL 4%
o}k

4 glet.

N
|

H~l i m*

)

? flo M

w~ 2xoO2 i
op
u
=""=
(‘_9
B
iy
2
=
Jo
)
offl
i
N
N

o kI
Y
A
lo
it
dlo
X
o

17
ol
ok
=2
30,
L
>
2 r_}l_‘
>

Yo Aol YHHFI S

2 op| i BAlE o} vluldte] nejg Yart

A AR U2 A7) B XY 28049t go] T4

1402 FAshE ALde Qoid ANtoR

483 2 AAdeR A 4749 2
o

lo
ot &
I &

[o]

B2

o
ofl
Sl
i
o

OT-SE o1
ek webd A4S A8l 9o A
oo MR LHUELY W

B

3

il

tlo e
s
[72]

~

\3

ot JH N ok e orr
Hir
‘lﬂ

I

O:



Q8| w1 AToIA) A7z
7ol it AZRIAHE At 52

2l 40ms9} 80msZ AAdIglon, zhzro] AJ7kztAd W3]
AZA LA Hahe Table 29} 2}, of7]9) 4 T A AH

AFAFEY F7lo] HPE, T 4L 160mso|ch

Fig. 8, 9= YEAF7IY 5 ZVY ZVDE A 3¢
N7 AT AEZ Y YA &AL Hislo] hE XY A
|29 94 ol it §H& 244 vehd Aolch Fig.
87} Fig. 99 (a) A 7t7HA 0] 40ms & wfof 917 QAbof
g $5 2 =o)L, ()= A7RHA0] 80ms o e 17
Q3] gt 37 T Zojct. AESH Y YHA LAk

Table 2 Experimental condition

Time spacing(ms)

Duration time(ms)

40(T/4) 10, 20, 40
80(T/2) 10, 20, 40, 80
600
> = ez -
@ .
2 woof i
§ .v’
3 f
c ¥
o o
B 200r [ L Unshaped
& g ~-—-Duration time : 10ms
i = — -Duration time : 40ms
0 -
0.0 05 1.0
Time(sec)

(a) Time spacing : 40ms

600

z 7R
8 ord
3 (3
2 400} L,
b Y
I S
o 1]
< !
k] 1y
’g 200 [y Unshaped
o Ll —-—-Duration time : 10ms
A ¥ - - - Duration time : 80ms
J
° A
0.0 0.5 1.0
Time(sec)

(b) Time spacing : 80ms

Fig. 8 Comparison of position errors with the time
spacing varied at ZV

75

ol
o
=2
3
o]

©.2 A2A7HSettling Time)o] £o]E4 "} AE
g9 AAAEA] 10ms?] B, ALY M4 Akl
HoPIA Bo2A 32 9o Yo] AP o A
ol WAEHA Hiy) 0|2 A% AFo] AN §
2 H20A Bek. SR AZH0] 40ms o BSols
F949] B A4 AT o3 B A5l BRI
A g3l wlulsteh. AZHAT QARY SRl 4
o AEEeY QAR EAIZI] AT eSS 7}
FRIAY A5 B7% ET ARAZE Foby e &
et £ £ gro] FUT RS BFNF AA 4 &
Hge ¢ 4 9tk ZVS ZVDES AA o]
80ms ¥} 40ms U 7t o £ WS Wl wheh,
Ao He4E FEEACl AM e & % 9k
XY 28jo|2|e) HFAF AA ZHIAY gAHY7Y

[¢]

ot S n
oN o oM

Al
A

R

#stof| mE ol wlm|skA|g ZV Hrke ZVD7) o a3
o A
49 o 4 ek
600
2 <l -
2 4
2 400f o
= b
e g
5 fr
c ¥
£ re
g 200 | 4 Unshaped
o oy —-—-Duration time : 10ms
r - - - Duration time : 40ms
%
4
° L
0.0 0.5 1.0
Time(sec)
(a) Time spacing : 40ms
600
2 o 7 ,-
=] . js
% 400 ¢ i ',J
2 i/
o I
s e
B 200F [y Unshaped
& il' --—-Duration time : 10ms
¥ — — - Duration time : 80ms
;Q.
ol L
0.0 05 1.0
Time(sec)

(b) Time spacing : 80ms

Fig. 9 Comparison of position errors with the time
spacing varied at ZVD



WM - B4 - A EA - william Singhose

Velocity (kpulse/s)

Velocity (kpulse/s)

Velocity (kpulse/s)

200 4000 200 2000
100} J2000 % @ 100} {1000
n ﬂ . E
@ @
= 3
o 2
= £
= )
© o
(7]
-100F Velocity 1-2000 3 > 100 T ——Velocity 4-1000
-200 . L -4000 -200 2 L K
0.0 0.5 1.0 0.0 0.5 1.0 7.52000
Time (sec) Time(sec)
(a) duration time : 10ms (b) duration time : 20ms
200 1000
z 100 {500 %
8 8
2 2
£ o &
2 I3
3 S
s 8
> -100 Velocity -500 %
Acceleration 2
-200 L L +J-1000
0.0 0.5 1.0 1.5
Time(sec)
(c) duration time : 40ms
Fig. 10 Velocity and acceleration profiles with the time spacing of 40ms at ZV
200 8000 200 4000
100} {4000 %o @ 100F 2000
3 8
=1 =3
I S g
0 M s : ’
i) k3]
© 3
100t Velocity 1-4000 ¢ = A00F sy -2000
Acceleration é’
200 . . -8000 -200 : . 1 4000
0.0 0.5 1.0 15 0.0 0.5 1.0 1.5
Time(sec) Time(sec)
(a) duration time : 10ms (b) duration time : 20ms
200 2000 200 1000
100} 1000 % @ 100 500
a 2
= >
g g
0 0 5: < 0 0
k=) g
g 8
-100 VelocTy -1000 2 > 100 etocy 500
8
~—— Acceleration 2 Acceleration
200 . ! 2000 -200 : . J_1000
0.0 0.5 1.0 1.5 0.0 05 1.0 1.5
Time(sec) Time(sec)
(¢) duration time : 40ms (d) duration time : 80ms

Fig. 11 Velocity and acceleration profiles with the time spacing of 80ms at ZV
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