050 0O000O00bOO0o0bOo0bOo0obOo0obOoobOo0obon 87

5 0

Joobbboobobbouoddddtd
Jodduoog

5.1 0O

gboboogdgbodbbodgbbogbbuogbbuoobbuooobbogboboobobd
gooboboboooobobgoooobobobuoboobobobobbobond
gobobbobuoogobbbooobboobboobbooouooobobobuoooon
gbobogdbbogbboobbuogbbuoobobooobooobooobobogbobo
gboobobgobooboobobobooobooboboboboobobobobon
gbobobobooogobobuoooobbbbooooobobobbuouoooobboon
gboogbuogobooobooobooobbooobooobboobboobboon
gboobobobooboboboobobobooboboboboobobobobon
gbobogdboogbbogbbooobboougbooobboobboobboon
gboboodgbboogb2bbodgbboobboobbuoobbooobooooboogbooo
gboobobobobooobobobobooboboboboooobobobobod
gboogbboobbogbbuoobboobbooobooobbuogobbooboboo
OoboobooooooobooboboobooooobooboooDooobobo AOD
goobobobooboobobobobooboboboobobobobobooobon
gooobog

gboooboogobooobbooggbooobboobbuoobbuoobnbuoooooo
OO0o0D0oO00Oo00oDOoO0ob0oO0ooobOoOo ADBODOOODOOO



88 Os0 OO0bOOOobDOOobDbOOobDbOOobObOobbOOobbOobObon

5.2 UOU0O0Oobbobobobuobobuobobobboobd

5.2.1 JUUObbOUoooboobuoooond

051000000 BOOOoOoooOB1O200000000000000000 IO
O00001lmmO000000000000000((@O000000z,0(Mb)0000O0O
fL‘LD(C)DDDDDDDDDDDDDDDD&DDDDDDDDDDDDDDDDDDDD
(experiment) D0 00 A42000000000000000000CO00O00OOOOOOOO
0000000 (simulation) 00000 5.1(a) 30000 (reference) 0 FFOOOOOOO
00D0000D0000000 2300 5.1(b)00000 (ideal response) 0 FFOO 0O O
0000000000000 0OD000O0Ob1(c)0D0D0ODO (friction model) D0 OO OO
gboboggboogbboogbbogobbuogbboobobogbboobobbboo
0000000 wg=2rx100rad/s000000000000OC0COOOOOOO

O000000000000000 (reference) 0000000000000 OOOOO
gboogboobodbbogbboobbobbooodbbooboobbobboonn
O0000000000000000 5.1(c)0000 (friction model) 000000 DOOOO

0.1f

0.05-

- — reference
experiment

table position [mm]

0 — simulation ]
0 001 0.02 0.03 004 005 0.06 007 008 0.09 01
@) time [s]

0.1

0.051

— — ideal response
experiment

load position [mm]

0 —— simulation
0 0.01 0.02 0.03 004 005 0.06 007 008 0.09 01
(b) time [s]

20

=
(=]
[T

o

experiment
—— simulation
---- friction model
T

DOB output [N]

|
=
(=]

0.01 0.02 0.03 004 005 0.06 007 008 009 01
(c) time [s]

o

g sl ggoboood



52 UJ0OO00obOoO0obOoOobOoobOoboboOobobOobbon 89

20
151

10+ i

DOB output [N]
ol

experiment
—— simulation
“““ friction model
- — rolling mriction
:

0.005 0.01 0.015 0.02 0.025 0.03
time [s]

052 J0bobodoodoobbouooobobuoooon

gboobogdgbbogbbogboogbboobbodobboobboooboboogbobo
0000000000000 00000000000O00000O0O0000O5.1(c)0bODO
000.03s00000052000000000005.1(c)00000D00OD0D0OO0OOOODO
000000000000 0D Fum rp0000 (rolling friction) 000000000000
ooobobobooooooooooooooooobooobobobooobobobon
0000000000000 000000000oO0O0o0ooooo0goDs1(a)0ooo
gboobogdbbogbbogbbogbboobboobboobbuoobbooboboo
obooboobooboobgd

0000000000000 000000000000000 Q(>)0000ooooo
O0000000Q(>:)0000000000000DO000O0DO0O0DO0O00O0OOOOOO
gbooboboboooobobobobooboboboboooboobooobobo
0000000000000000000000000000 L,(z)=280000080
gbooboboboooobobobobooboboboboooboboboobobo
gbooboboboboooboboboboobooobobobobooobobobon
gboboggboogbuogobuoogobuooobuoooboobobogoboooboooo
goobobobobooobobobobooboboboboooobobobobod

oboobooboo

5.2.2 JUUULUbObUUOOoOoOULObUbbuoooLobbuoooooobn

N000000000000000000000000000000000000000
53000 510000 (simulation) 000 0000000002,00 520000 (rolling
friction) 0000000000000 Fy x0000000000000000000C
0000 (settling) 0000000000000 01 mmO000([1]0 40000000
0000000000000000000000000000000000 1.5umO00



90

Os0 OO0bOOOobDOOobDbOOobDbOOobObOobbOOobbOobObon

friction [N]

150 [2]

10

(&)
T

o
T

(3]

/ overshoot |

(4]

settling
— — direction : +
— direction : -
T

-10
0.098

Il
0.0985

Il
0.099

Il
0.0995

Il
0.1

Il
0.1005

T
0.101

0.1015

table position [mm]

053 00boobooboobobobobbobbon

20

friction dispersion

=
o
T

DOB output [N]

o

—1 . . . . .
0O 0.05 0.1 0.15 0.2 0.25 0.3

time [s]

U s4: Joobooooogooon

0000000000000 «“C0000”’00000000 (Tye=126N)00000O0
ooobooboobooboobob «obobboobgoo”0oobobobboobobooboo
OoboobooooooobogobooooobobobooooD Aoobooboooboooo
obogoboobbogobssNObobooobooboobooobobooboobooo
O000000000000000 (direction: —) 0000000000000 OOCOOO
00000000000 (direction: +4) 0000000000000 O0O0OOOO0OO0OO
obooboobooboobooboobo
gbooogbogobogbobooboboobobooboboooooooboooobooon
gobobooooobobooogs4tdolmmnbobooogooboilobnboon
goobobobooooboboboboobobobobbobobobooboots
00000000000 (=000)oo000sNOO0O0D0O00O0O0OOO0O0O0ooooooon
gbogdbboobboobooobboobbuoobbuoobbuoooobooobobo



53 U0OO0O0ODLOO0OOLOOoObLOobObOobObOoOobOoDbbOobDbOo 91

rolling friction

initial friction

Coulomb

friction

= direction :
= direction : —

displacement

055 J00O0oobooboobobobobbobboon

gbooboboooobboboooooobon
gboobobobobooboobobobooboobobbboboboobobobo
00000000550 00000000000000 (direction: —)0000O000O0O0O
O (direction : +) 0000000000000 OOO0OOOOO0OOOOOOOOCOOO
00000000 (0 A0 C)D00000000O0OOOO0O0000D00O0D0oOoOOo
gboboggboobobuogobuooobuooobuoooboooboooboooboon
gbobobobooooobobuoooobobbbuooobobogo

5.3 UUUboboouboobobouoboboubobod
HEN

2ijibbuuoubbobuoouooobobbuoooobbobouoooboboboo
gbooogbodgbbodgbbodgbboobboobboobbuoobboobbobn
Q000000000000 DOOO0000O0ODOOO00D0OOOO0OOOOOOOO
gboobogdbboobboobbuogbbuoobbodobboobbuoobbooboboo
gbobogdgboogbboobboobbuoobbobbuoobbooboboooboon
000000000000000000000000000 Q(:»)000000000OOO
gboudbooobbodgobuogobuooobuoooboooboooboouogooo
gboobogdbboobboobbuogbbuogbbodgbboobbuoobbooboboo
007, 00000000Q(:)000000000000000O0O0O0O0O0O0O0OOOOO
gbogbobooobogobogoboooboooboooboooboooboogon



92 Os0 OO0bOOOobDOOobDbOOobDbOOobObOobbOOobbOobObon

googboooboboboooobobobuoboooboboboobobbobong
ggobgboooboboboboobobobuoboooooobooboboboon
obooobbobbuooobboobbooobboobobooobboobobobboo
goobdbobooooboboboooooboboboooobobobooboDbo
gboboboobboobbooboobon

5.3.1 UJUUbUbbooobobobuobooobobbuoooa

0000000000000000000000000000000000000000
000D000000000001000000000 Quy(s)000000

wlpf
Q =P 5.1
s (5) 5+ Wiy (5.1)

00000000000 T(=166pus) 00 0000000000000 0O0OOOOOOOO
oboooog

-1
Qw@%Zﬁiﬁi— (5.2)

ap + a;z7t

ooon aozwlprs+2Eh1:wlprs—2
bO:wlprsEblzwlprs
O00000000000000 w,, 000y, 00000000000000:0000
00yt 0000000000

%ﬂﬂZgﬂ%%ﬂﬂ+hwwﬁ—ﬂ—awwﬁ—ﬂ) (5.3)
(5.3) 0000y, 00000000000 wyld 0000000 yyli — 10 uyyli — 1] 0
O0o0000
DDDDQZN(Z')DDDDDDDDDDiDDDDAUDDDDDDDUZMDDDDDDDD
000000 wyli—1]00 yy[i—1]0000:0000000000000000000
2o 00000000y,li—1)0uyli-1]0000000000

{ pgli = 1] = 2o 65.4)

upsli — 1] = o

00000y, 000:000000000 Azgy=A4,-2, 0000000000000
000

) 1
nyh]==agUmAﬂ-%bﬂm)—6hxo) (5.5)

2
Qo



53 U0OO0O0ODLOO0OOLOOoObLOobObOobObOoOobOoDbbOobDbOo

93

Uipf

30T

Qupy(2)

Yips

0 5.6: Qupz)00000000000000O00O0OO0O0OOOOO

I
L)
T T

output : yIpf
© o o o
o N = (o2} o

|
o
)

R

— w/oIVC

|
I
~

time [s]

0.02

0.03

(a) w/o IVC
12f
08 i
> 06 |
=]
g 041
3
0.2 T,
(1) ee—— —_w/IvVC (A x0=0)
w/ IVC (A x =+0.2)
-0.2 0 |
“““ w/ IVC (A x0=—0.2)
04 0.01 0.02
time [s]
(b) w/ IVC

057 Qu(z)000000000

0.03

0000000000 Az 0000000000 0000 y,ylil =4,00000000
D000 w,,,000000000000000000000000000000000 Az,

gobobooooobboboooon

Az, 000 Qu(z) 000000000000000(5.2)00 Qu(z)00000 5600
O0000A,=10000000 u,(00000000¢t=307,)0000000000 g,y
00000D000000005.7(a)00000000Qu(2) 0000 wy =27 x 100 rad/s
0000¢=307,000000000 Aze0 Azg=1000005.7(2)00000000



94 Os0 OO0bOOOobDOOobDbOOobDbOOobObOobbOOobbOobObon

O0oooodoodn v, 00000000 u, 0000 w, dOOOO0O0O00000O
ooboooooooodoooodobdw, 00000000000 ¢=307,0000
O00O0y,i —1)0 uyele — 10000 Az =1000000000000000000
obooogs200boobooboobuoobuoobuooboobooboooboonoo
Quiz)0000000000000000D0O000O0O0

00000000 Aze00000 Q) 000000000000000O0O0O0DOO0O0
00000000000000000000000 Qu(x»)00000000000000
O0000000000000000000000000000000000 t=30Ts(i = 30)
OO00O0Az,=0000002=A, 0000000000

if (i=30)
ulpf[i — 1] = Au '
end

0000000 y,,¢00(GB3)0000000000000000O0000O00O00OO0OO

ylpf[i] - Au (58)

0000000000000 0oooo0oooogooos7bh)0oooooooo
O0O00C000D0O0O000O00DOD0000Az,=0H+-020-02000000000 2,00
xo=A,04, — 0204, + 0200000 000000DO0OO0OODO0ODOOODO0ODODODO
Argy=0(2y=A4,0000000000000000000000000000 w,;00
00000 v, 00000000000Az, =402 (z=A4,F02) 000000000
O000000000000000¢t=307, 0000000 (6000000200000
000005720 0000000000000 OOOO0O0OD A,=100000000
gbooboboboboboobobooobobobobooboboobobobon
Q0000000000000 OOOO0O0O0UooooooOODOOOOOOOOOOO
obooboobooog

5.3.2 JUUULbObUOOoOoObLbLbuooooon

5310000000000000000000000000000000000000
0000000000000(B2)00000000000000000 Qs)000000
000000000 Quen(s) 0200 1000000000 Quy(s) 000000000

Q(S) = Qnotch(s) ’ lef(s) ’ lef(s) (59)
B 5% + 2Conwons + w%N
Qnotch(s) - s2 + QCQdWQNS + wéN

@ﬁ@)=siiQ (5.11)

(5.10)




53 U0OO0O0ODLOO0OOLOOoObLOobObOobObOoOobOoDbbOobDbOo 95

g s8 ouboboooooon

D0000000D000000D00000D00T,=166s00000000000000
Quoten(2)0 Qp(2) 00 580 0000000000000000000000O0ODODO 10
DDOO000D0D Que(z) 000000000

0000 Quz) 00000 uy 0000 d0O0D000000000000000:000

-~

O000de00(G3) 0000000000000 000000D0D0DO0DOOOoOoDOOOO

-~ 1 ~
0
0000 ay=weTs+20a; = woTs —2
bg = WQTSDbl = (,UQTS

O00oo0o00o0oooooooooooooooq(00o00o@HUoooooooo
000000000000 Fg-xg000000000 ape=Fu-x0000(5.12)000
gbooboobooboobooboobooboobd

-~

dli — 1] = .

Wifelt] = @ife (5.13)

Wielt — 1] = @ipe
O000000000000000000 (L=133ms~87,) 0000000000000
shoooouooooooooduoooooon . FFOOOOOOO0O0O0O0O000

0000000000 (|lzyl <Tye) DOOODOOODOOD0O0OO0DOOODODOOOOOO
obooobooboood

if 1<i<8) or (|wige| <Te)
dli — 1] = x5,
U,ifc[i — 1] = xifc

end



96 Os0 OO0bOOOobDOOobDbOOobDbOOobObOobbOOobbOobObon

gogboboboooobbobooooboboboooooboboboboooobon
0000000000000 0000000000000000O0G.14)o0D000000
gboobobobooooboboboboobobobobooboboboobobo
0000 (5.12)00000000000000O0000OO0O0O00O0DOOOODOOOO

5.3.3 U0OUOOODOOO =z, 00000

00000000000000000 %, 000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000 00000000000000000000000000000
000000000 59000000000000000000000000000 RFM
00000000000000000000000000000000(3.7)0000000
000000 RFMOODOO0OOO 2(=2,)00N(:)00000 200000000000
00000000000000000000 #,,000000000

0000000000000 0000000000000000000000000000
00000000000000000000000000000000d0000 (3.7)00
02000000000000(3.7)0000000000000 (5.15)00000F,g-r=d
0000 4, 00000000000d0000000000000000000

N
Frou—r = Kz (5.15)

i=1
xz=00=1,...,N)D0OOOOOO (5150000 —00000000 510000000

0051500 -z, <z<z,y0000000000000O0DOOODOOOODOOOO
gboboggboogbboogbboogbooobbiod0obooobooobbabg

u
D(Z) If
$
plan T
NG) b= o8 2O 0) =0

5 — +
:"""'_'_'_'_'_'_'_'_'_'_'_‘I ........................................................ /,1
P d DOB
P> Life
b > / ; i -------------------------------------------------------- IFC

—

REFM

0 5.9 00bbouoogbobuooogoboboooooobooo



54 0U0OO0O0DOOODOOODOODO 97

Fro [-R

~T}.

g s5.10: DDhooogoobobooooobb -booan

gboobooborrooobooboboobooboobooboobooboobon
goboooobooboboobboboboobbobbobbobobobobobn

54 UOU0O0OOOOOUOOODLDOODOO

0000000000000000000000000000000000000000
MO000001lmmOO000000000000000000000000000000
000000000000000000000000000000000000000 4
Ody=0NOdy =456 NO00O0OO00003000000000000000000000
00000000300000000000000000000000000000000
00000000000000000000000000000000000000.1 mm
0000000000000000000000000000% 00000000000
511000000000002, 00000000000 5.1200000000()0000
0000000 (w/olFC)0OOOO0O000(MO000000000 (w/1IFC)00000
000(D000000000000()00 (b)0000030000000000000
(average) 00 000000000000 00000000000O00O00OOODO0000
00000000w/olFCO w/IFCO0O00O00O000000000000000000
0000002 —2,00051300000000000000000000000000
0000000000 wyp=2rx400rad/s00000000

000Ow/elFCOOO0O0O0O00O0O000000000000000000000000
0000000 10ms000000000+10xm000000000000000000
000000000000000dD00000000000000048m000000
D64mO000000000000000000000000000w/IFCO00000O
00000000000000000000000000009.7ms000000000



98 Os0 OO0bOOOobDOOobDbOOobDbOOobObOobbOOobbOobObon

0.1F e

0.05F %

- — reference
— w/o IFC
0 average (w/o IFC)

0 0.01 002 003 004 005 0.6 007 008 009 0.1
@) time [s]

table position [mm]

0.} e

0.05F A/ s
- — reference
— w/ IFC

0 average (w/ IFC) ]

0 0.01 002 003 004 005 0.06 007 008 009 0.1
(b) time [s]

table position [mm]

(2]
T
L

dispersion [um]
=

N

r w/o IFC ]
P | — w/IFC

0
0 0.01 002 003 004 005 0.6 007 008 009 0.1
(© time [s]

g s1l: DOOooDoobobobbobobo

goboboooboboboboooboboboboboboobobobobooobon
oboboboboobb2yemdb0oonDOoOobOOoOn

oboooobooboooboooboooobooobooboboobboobooobobon
w/olIFCOO w/IFCOO0O0ODOO0O000O00O00O0OD0z,000000000000000
000do00o00on 5.14(a) 000 5.14(b) 0000000000 dy=0NODOOOODO
O0dy=—-0.6 NODODOOOOOOdy=4+56NODODOODOOODOOODODODODOODOOO
(rolling friction) 0 0 0 0000000000000 00O0O0OOOOOO F.ym-p0O000O
0514(d) 000 w/olFCOOOOODODODOODOODODOOODODODOOODOOODOOOODOO
oboooboboboboboboooboobd2msdogbooboobooboobD
0000000000000 0000000000O0000DOO000O000ODO0Ow/
[rFCOogoboboobobobooogboobooboooobooboooboobOoDboOoD
goobobobooboboboboobobobooboboboboobobobon
gboobobobooboobobobobobobobooboboobobobobod
oboobod



54 0U0OO0O0DOOODOOODOODO

99

load position [mm]

load position [mm]

trajectory error [um]

1 1
0 0.01 0.02

1 1 1 1
0.03 0.04 005 0.06
time [s]

0.1+ /
005 /
— w/o IFC
average (w/o IFC)
0 +10 um
0 0.01 0.02 0.03 004 005 0.06 007 008 009 01
@) time [s]
0.1r
0.05F y
— w/IFC
average (w/ IFC)
0 +10 um M
1 Il Il Il Il Il I I I
0 0.01 002 003 004 005 0.06 007 008 009 0.1
(b) time [s]
8 T T
59 ]
s
2 41 |
a
2 2k w/o IFC
0 L b S NS TN SN NN — W\{'\I/ECV\/J
0 0.01 0.02 0.03 004 005 0.06 007 008 009 01
(© time [s]
0 o5.12. DO0Uououoooooo
10 ‘
w/o IFC
— w/ IFC
5, ,
0
-5

1 1 1
0.07 0.08 0.09 01

U s5.13: DOogoggooood



100 Os0 OO0bOOOobDOOobDbOOobDbOOobObOobbOOobbOobObon

- — reference | - — reference |
=0 =0

table position [mm]
o
o
N

table position [mm]
o
o
N

d0=—5.6N H

. .. dy=-56N Y
_ do:+5.6N

_ do:+5.6N

7 8 0 1 2 3 4 5 6 7 8
x10°

| rolling friction
do=0 N

10} ; - ﬁ? —
o—/ d,=0N |
1. d=56N L 4,=-56N

I d0:+5.6N I dO:+5.6N
. T T T

DOB output [N]
DOB output [N]

time [s] %107 time [s] %107
(a) w/o IFC (b) w/ IFC
0 o514 D000 ouooooouooooo

5.5 UUOOOOOOO

5.5.1 UJUUUOOUOOOOoOoOOn

goboobboobooobboooboobbooboobboobobbobboobboogb
000000000000 00000000000000000000ooO0O (O 100 pm)
oboob30miibogbogbogobgs1iibobibibde, 000000
DDDDDDDDDDDDDDJDDDDDDDDDDDDDDD(W/IFC)DDDDDDD
O00000000000000000000000 (w/olFC)ODODODODODOOOOOOO
gbogobooboobooboob3aNgbbobbobbobbobbobbobDbo
O000000O0w/oIFCOOOOO0O0D00D0D0D0D0D0DODODODODOODODOODOODOOOOO
000000000000000000000000000000000 #4,(000000O
000000000000000000) 0000000000000 0D0DOoOoOoooOoOO
0000000000000 00w/ IFCOD0000000 5ms00000000O0ODOO
(lzige] < Tp) 0000 3NOOOODOODOOOODOO0ODOO0OOO0DOO0OO0DO0O 27,0000
obooboboboobooboboooobobobuoboobobobobobbobo
ggbogbuoobuodgbuoobooboobbobbobbobbobbobbo

5.5.2 0.1 mmU0O0000OO0O0OO

oo mooboobolmmOdoooooooooboobooooboooon
gbogbobobooooobobobuoboobobobooooboboboboon
obooboboboboooboboobdobooooboobobooboboboooon
obooboboboobobobbooobobbobbobbobs4abboboobd
goobobobobooobobobobooboboboboooobobobobod



55 UOOOooOoOooOoO 101

0.04
= 0.03r
E
5 0.021
3
2 001t
@
= - — reference
= 0 wio IFC ]
— w/ IFC
_001 Il Il Il Il Il Il Il T T
0 001 0.02 0.03 004 005 0.06 007 008 0.09 0.1
time [s]
15F b
Z 10r Ll ]
[
=]
£ 5r B
>
o
m
07 > U
8 w/o IFC
-5 —— w/IFC U
X.
""" ifc
_lo Il Il Il Il Il Il Il T T
0 001 002 003 004 005 006 0.07 008 0.0 01
time [s]

g s.15: DO0obObooboboobbobbobbobbon

wife [N]

10.5

0 8T time [s]

0 5.16: Bang-BangO OO DOUOGUOODUOOOOODOO

0000000000000 00000000000000000000 (proposal) 1 00O
0000000000000 00000000000000000000000 (w/o IFC)
O0000OBang-BangO O 59|00 0000000000000 O0O0OOOOODO (Bang)
UbooboboboobduoboobidiBang-BangOD U O OODOOODOO0OOOOOOOO
0000, 00000000000000D000 (Tye=126N)00000000000
0516000000 z, =105 NOOOOOOOO0O0O0O08O00O00O000O000000O
oogd



102 Os0 OO0bOOOobDOOobDbOOobDbOOobObOobbOOobbOobObon

goobooogn

000000000000 0000000000000002,00000000000
5700000000000, 000000000005.180000000000000
000000000000000000000004;—2,005.1900000 517000
51800 () 00000000000 (w/oIFC)O (b)Bang-Bang D DD ODOOO0O0O00D0DO
000 (Bang)O(¢) 0000000000000000000000000 (proposal)d O
0000(d)000000000000000000w/0olFCO0000000000000
000000000000000000000000 +10xm0000000000000
000000000000000000000005m0000000000 +10 gm0
000000000000000000000000000Bang00000000000
0000000000000 0000000000000094ms0000000000
000000000000 45umO0000000000000000000000000
0000000000000000 w/IFCOOw/oFCO BangDODODODOOOOOODO
00000000000000000000000000000000000000000
00000000000000000000000094ms00000000000000
000000 10000000000000000000000000000000000
34,mO000000000000

00000000000000000000000000000000005.190000
000000000 5.17(d)005.18(d)00000000000000000000000
00000000000000000000000000000000000051000
00000005200000000000000000000000000000000
00000000000000000000000Ow/olIFCO BangDOOOOO0O0O0O
00000000000000000000000

0000000000000000000000000000000000000000
00000000000000000000000+,000000000000000000
d0D00 520000000000 520)000 w/oFCOODOOOOOO 2ms0000
00000000000000000000000000000000000000000
520(b) 000 BangD OO OO00 1.3ms0008000000000105N00000
000000000000000000000000000000000005N0000
00000000000000000000000000000000000000000
00000000000000000000000000000Oproposal 0000000
00000000000000000000000000000000000000000
000000000000000 w/olIFCO BangdOOOO0O0OO00O000000000
0000000000000



55 UOOOooOoOooOoO 103

'g‘ 0.1F ,ﬁ ,,,,,
S y
2005
= { - — reference
= J — wlo IFC
s 0 average (w/o IFC)
0 001 002 003 004 005 006 0.07 008 0.09 01
@) time [s]
'E 01, Ve ———— ‘
|§| /‘/
g ‘J
= 0.05F A
= - — reference
= — w/ IFC (Bang)
s 0 average (Bang)
0 001 002 003 004 005 006 0.07 008 0.09 01
(b) time [s]
R |
é "/
S
2 005F 1
2 - — reference
= — w/ IFC (proposal)
s 0 average (proposal) |
0 001 002 003 004 005 006 0.07 008 0.09 01
(© time [s]
3 \ \
e
=2 1
S
2 gt wio IFC |
2 1 W VR W e ey w/ IFC (Bang) .
—— w/ IFC (proposal) ﬂ
00 001 002 003 004 005 006 0.07 008 0.09 01
(d) time [s]
0517 000000000000 O0OO (DODO)
051 000000000000 ((@MOooOoO)
controller w/o IFC | w/ IFC (Bang) | w/ IFC (proposal)
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20 \
w/o IFC
“““ w/ IFC (Bang)
151 —— w/ IFC (proposal) ]
T f
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time [s]
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controller w/o IFC | w/ IFC (Bang) | w/ IFC (proposal)
xr trajectory error (max.) [pm] 14.6 6.6 9.3
zp trajectory error (avg.) [um] 4.8 2.3 2.2

054 000000000000 OOOOOO(DOOOODO)

controller w/o IFC | w/ IFC (Bang) | w/ IFC (proposal)
zr dispersion (max.) [um] 3.9 4.7 3.3
xr dispersion (avg.) [um] 2.4 1.7 1.2
zy, dispersion (max.) [pum] 6.4 7.3 4.3
xy, dispersion (avg.) [pm] 4.1 4.2 2.6
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—— simulation
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plant model
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| |
50N
o o
T T

-60

resonance mode

L
1

|
=
[e)
o

Pr (macro)
S Pe (micro)
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gain [dB]

-15

phase [deg.]
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-180p

— micro w/o comp.
- - micro w/ comp.
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table position : T,z
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e
F
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A : T
> trajectory error T
0 : try time
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compensation force for
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