2312 XEBRRBeRTE F18E FI®, pp 2312~2321, 1994

30

o
S

A7) BAF A28 o) TR Ao

R Y Fa ke
(1994 14 319 &%)

Digital Control of an Electromagnetic Levitation System
Seung-Ug Yi and Gun-Bok Lee

Key Words : Electromagnetic Levitation System (x} 7] #4+ 2] 48}, Linear Quadratic Control-
ler(A13 2x #|of7]), Kalman Filter(Zter& &), State Estimation(Ae}33)

Abstract

In this work the dynamics of an electromagnetic levitation system is described by a set of three
first order nonlinear ordinary differential equations. The objective is to design a digital linear
controller which takes the inherent instability of the uncontrolled system and the disturbing force
into consideration. The controller is made by employing digital linear quadratic(LQ) design
méthodology and the unknown state variables are estimated by the kalman filter. The state
estimation is performed using not only an air gap sensor but also both an air gap sensor and a
piezoelectric accelerometer. The design scheme resulted in a digital linear controlier having good
stability and performance robustness in spite of various modelling errors. In case of using both a
gap sensor and an accelerometer for the state estimation, the contol input was rather stable than
that in a system with gap sensor only and the contoller dealt with the disturbing force more

effectively.
PR e P zole) A FAE,
Ey E 27] Ak, Aol A tm AP AR
g 38 JtEE A, Ao Alaggdy, ol md Aaugal
v i DaY AY, W B. By cEYa, ol QEYa
M DRoa A C. Co Cu %3, ol4xza 2343
R c2e A olabxlzel A
ky wN?A F tAei7] ARl
o F7le) $ag, H %57 A
N A%, A AFTY B Q nxn-obe) ey Ay
i Le Ln R mxm ok A A
e #m rik crlEqH

Le Zeolel £ & A& el nik), wik) EREE YEFE
La Lakel FE LAl X xe yit) o AsdedE, BEEAy, 29
HEa, 24T A AN %) SN

“Azel sadsim A Fe eik) e R



SR ER PP

#+7] 8 =

A otz o £% alssistax ste el 22

$edE Aoz AT dAd F el Fo

B ale) gjale g ks o Fr) ol Folxz gt
2} 7] BALL o] L3}

ah, o 5§ Has 4 ded Ao A4
A4gsozd AAE 94 old F4E Yz
4AR 4 oz AFHAASE 2AT + U 3
Mol ol B3 ArlLatdsel s 3HEol
o obag AAgozA ovx £¥ 4, o
W wgel A SAEA FdsE P4

- ]
(attractlon suspension) 8}l o 2 23 4 Qlch WD
wpbEalalao oA F 2 el AAY} TR
3 Te] wAlstol g afe] whiAHE ol &l 4
Aoz Adz #lde] FHH FZ Y Abely 4
& fol abet NAHE dect o HAS AL
o owmA FASE 24 T 4 Us Aol 9
oy zA71He £Ado] Az ol Falalo) wlz
o zZoo #HAAo rjgHoz s THo oAHos
oo ‘

LAl A7 HAsle Ao g aiutAlu o gl 743
o ZA7RZe Aoz FAxgel Hol oz
Zgol Zohe aAo] gk zEu o WAL 3
A4 dldstolE S Hsle Az Fhakol weh
Foldo] AA=nZ A2 Az steo HLE
Faladol Faiate] Hatof off- s 2AMe
2 ZabAsich, depd olg AdAE HuAdeE A=
Mol oo} #Ye FTYALNE FALY oA
S} §x2 % s A7 S LA St Ao A
ot 31 % sok g},
¥

2 el
> 2

© 3L e e
.E.O})l

24 Aade 197099 ol A
1A - A aled 1980 Ao 7z
< F43 -’1‘-833.5_—2-
Z sk 2ol disted A7 & AAISE R 2 ol
= Sugie®7} Hy/Ho $HA3 AdHE3 o] &3lod
Zheldt Ao 7] & AAsFadct, r‘ﬂ‘lﬂlﬂ.t— Lz4d=

W A"EE

%F& o452 H 7P-t— A 2344
oA A FeelAdctks: FHa

2 AFel4de dx 71*eww EEEEN

2HG Fold A7l F44AL destod Bl AR
do #stol 5L 45 LAFEZ ABE A
ol 4 Alxele] medalo abo 22 oake 1l
GHE— Rl Fasddse Hrg oAy
A Aoi71E HABT AA% AeirlE 4H 2|
24 Al sl AEolel 4 +AsaT Bk,
YA} AAelA Ao GnAZE LQA ool
22 A4d olxY Ade BE7F olEHd
254 A2, 9d FHAUE ol Fe
Aelg 2HSHE WHst WS H4E 2HAE
Argated el g 2AskE FohA $4E A
A s Aadel FEohe dE LhEY Az
244 BAY + & 2AFEE 2] A
of 74 (Kalman filter) & AHg3t23} @k,

2. 22 « Ho{7| HA

20 MAMel 2 MY

A7) 4 Aol gt 7l £8d 24 9 T
4o AT AYE 5% AT oH
AFAEel odl Y up om0 of Fof

oste] x7| At s TEHo
afcdel FHd = A

Fig. 213 7to] F4slef v AA71FA A]ad
of chat Auhbd AL b AbA ARE
stod A1 (2.1) 3 Aol 381 1A AelEdAdAez

4% 4 Ut

o
119
e
ol
ok
>,

[: 34

Accelerometer

Fig. 2.1  Electromagnetic levitation system



H=22
hxd £t
RE T B k)t M
2X1+k2 _ 2%2X3 ,
== (E=Ra) T 500 (2-1)
o 7] o A,
/[leioNzA
o, F718 F2E(4xx1077 N/A?Y
N:age 34
AL ATe 2w
k2 -ﬁ+
[e #m
Lo Lo 2ojok Bokxlo] 8 247 0]
Hey fim . .a.°‘i9+ ek A Eag
o AF
%, . B0kl £5
xR

Agole] 8¢ HL357] Hsld A(2-1)5 Y
H{ZFH) A AYetd AdAiE A AF
Z Y Ao o2 Fo] el £ 9o

{x( t)=Ax(¢)+Bu(t)+f{¢ (2.2)
y{t)=Cx(t)
0 1 0
4gR Mg |  _22R
A=|"EVh )
0 o (Mg _Eo 't
YV ok kv Mg
1 0
3\
B= cr=o| 1= L
Eo /‘A 0
hRY Mg 0
T AEEE MY HFYL g o
(1 k.
1Xles Xzes x3e}_.{?[v Tlgjlvo—kzj,. 0 lo}

A 2204 it E R x, L2 g HE g
2 ThE AL yews wegEag 13, 4=,
BHA BRA xie te wmeol Waled 47218

¥ stete AolM Mg Hojoh s A+ A
R #eadolm W B Aol 4(f)
#%8 fHhe Aado oza
orce)o] ZELHE = velde o

é\.
a
=1
lal
=8
=]
.

22 &% DS 0|8 Hoj7| 4
R e *Mii 2gas WALel A

AUUA 24E A AALY 158 14EE
x| A S EAE Agsged 44 ¥
2o 24z Y A 2@ olHAYY 2
Hg o8 B271E ALsor B 22z 248
AU E ol gkl olak AASH, Bool WY HT

=, oA Hodtol] AYY Ae) = Aoy
o LQAeiz| & 4A %t Alejr] 4dA e £

M Eo cfsled A Aojol o 7latE F LQ A
ZAdel Eleo wAaldo] zgdlcly slAE 2
F FH AaddAd A" £ g, (HREH 4
gelg] x(f)E HHoz FAHF

2 ek fF &eel

w O T
2 gEokn s, LQHM e o] 4kAlzle
g2 g ofaly A(2-3)F THRH2E F
I AEAE ] Hasste dogdl y=—Fd
Fahe A7 "
{ x(k+1)=Apx (k} + Bou! k>}
2-3]
.V\k)=Cnx(k)



A7)t A 2de Y Aol

J="E T +uT () Ruh)
AP AT AA e S AN Fi
F=[R+B5;S(k)Bo]™* BiS{k)As
et Sth)olE e AR AT Vs o
ol

ZCD*'AES(/()AD‘AL;S(H Bs
(R+BESik)Bo]"'BiS(k) A

Stk—-1=

{x(/c+1) =Apx (K) + Bou (k) +w(/f)} (2-4)
yu (k) = Cax (k) + (k)

ArlolA (k)& 4 SFAS 4T 244
2 Auasl At 24 2RA98009, Wil
nlk)= 0-BF WAz Loz a2 g3 Fo

Gix>0
k) 8ix>0

Elw(Hw T(l)]"W(k
Eln()n"()]=V
Elw(N»n"()]= ()
()% 2A37 $istd #E7E AAHD 2
()& Al a2ddsast 2 o
Z(k+1)=Ap (k) +Boulk) +H (yu (k)
—yu (k) (2-5)

atge AlddH H)E o4& A

o o
md
o
)
WS
m}“-

H (k) =AoP (k) Cil V (k) + CuP (&) CE] ™

o 7ol M, Plh)E ofel Hrtelubd AL aiZsl
& #folch, ‘
PG+1) =W (k) + Ao (k) PUk) AB(E) — AsP (k)

5LV k) +CuP (k) Ch] ™ CuP (k) Ab

223 FHIsSHg 0|28 Ho7| HA

Fig 22% dal A3z Aol iy $34z2
4 LQuol7lsh A E o &3 4w BE7E
st 2AHEwe 29T god Assx

i
Y L i g1
Aoz Re 9 Ese o3ke Tisin Aot

Output feedback control system

ﬂg. 2.2

y(k)=Cox (k)

yu (k) = Cux (k) +n(k)

wup k) =—Fi(k)+v (k) +d (k)
r(/f-%-l)=Aof(it) + Bouo (k)

]x(/c+l) =Apx (k) + Boup{k) +w (k)

+H (yu k) —Inulk))
yulk)=Cui (k)
uo(k) =—Fx (k) +r(k)

4 (2:6) & Helshdd,

KﬁfiﬁHﬁZM A,,:gl;—ycu]
r{k)
ool oo ) wie
n(k)
2.7

—ZZ sz A (2.7

x(k+1) _ Ap—BoF BoF

[ ]“[ 0 Ap—HCu
7 (k)
[x(/f)}{&; By [ 0} d (k)
er)] L007-H Jjwh
| (k)

(2-8)

{Ao—BoFY), [Ao— HCu]°
A3l LQAo Alla Ze

o
ol
. & A
.uii
u
jou
-4
& T
~{)

. 04’7l°ilxi. Cud 75 ZA A ol 74
X} f';,

ok‘.

e —“11 N U
_(‘)_L
Jd
2
ack
£
o e
)
g 3o r

N2
2
[ig
&
2
g_
34_
i}
i
4
o,
ot o
4
o
fa'3
ofk
’?l‘
£2
[



2316
o Aeje ¥ A YEE FAsG),

3. AlZ8ojMd

A(2-2) % Ediz EAd

AR A7 A7) s
Azdol A gt} A g0l 4g

S48

Al

dlold & ¥ AALo4 YWAYDE ol
detn shAsd e ARdd A5l dg ¢
4%, A%l HHE A AU I

uE.E_—S—‘_-.u‘,llL
o
4w

A4 24 s—z— 351,
Fig. 32% Alade) ANZERS % BEGLo|
AU Pt §YALE et A

ol FhssheE B4 LQ
A7 U A E% AH SAATE A4S Ao

222 Wdsh J4E AL ALY Aol
Aol ol o AZE S YRS o
# U4 292 BI3EBl Y 2345E 4
o 2.3tk

o .

0.0 a5 1.0 1.8 2.0
Time(sac)

sitivity function and sensitivity function

2 " - . rowew—y ]
wh o' 10° 100 e 1w i 10° 10

Frequanoy(rad/sec)
Fig. 3.2

S(rad/sec)

Frequency response of complementary sen-

Disturbance with mean : 1.0, covariance: 0.
2, and sinusoidal amplitude : 0.1, frequency :

RS

Figs. 3.3, 3.6, 39« 4 7152 Hx3l:
s 2E Aol o} gz &
g A gRAASE % Fe
Agdeldg Rez =E 73
He oI%s) ok 2
£ 7Kz ol
(Fig. 3Ds 43¢ °;}
ERA%e

00 °
Vot
(mew) ™~
8
40
L]
Response
v Raterence
4
20 Oriver input Vollnge
2
[ X ] (]
0.0 02 04 os o 1.0
Time(sea)
Fig. 3.3  Time response and driver input voltage in

LQ control system with noise (gap:6 mm
—4 mm), noise characteristics shown in

Fig. 3.2
8.0 10“.‘
(G-v-'n’l '
8
4.0 R e .
Reterence
4
20 )
2
°%3 a2 [} [X] oe 1.0
Tine(seoc)

Fig. 3.4  Time response and driver input voltage in
LQ control system with mass change
(mass: 2.3 kg — 2.8 kg)

8.0 10
Gap Vol
(rwem) ™~

8
4.0

o Response e

{{Retecancs. 4
20

F\%\/ 2

Q. o

o 1 2 3 4
Tine(seo)
Fig. 3.5  Time response and driver input voltage in

LQ control system with varying air gap
(period T=2 sec)



Ao ZyAzes 2
o

z; AOL,«OLE“ [}

/\}._9. z'sl. /{]

3)
°of (Fig. 37) Wslsh H4=2HAF As8 4

elofl 4] &=

-A—x“‘ga"

27| LAl /] A

i

T

A.. H

Lol A& 10%2

17%] A2 HE 2o (Fig. 3.10)

LQAI 7| o] 749 A4raeoabs) of Ldadslgdo

8.0 10
Voit
(mem) ™
8
40
L]
Responss
7 Relerence
4
20 Driver ingut Voltage
2
%% 02 0.4 o8 o8 7.0°
Tirne(sec)
Fig. 3.6  Time response and driver input voltage in

gap sensor installed system with noise
(gap:6 mm — { mm)

e.0 o
ot
(rowm)) (4 4]
8
4.0
{}\’ Response e
RAeterence
4
20 Detvar tnput Voltage
2
%0 0.2 0. o8 o8 3.0°
Time{seo)
Fig. 3.7 Time response and driver input voltage in

gap sensor installed system with mass
change (mass: 2.3 kg — 2.8 kg)

L X 10
Vot
(enen} ~m
[
- Response
4.0
+——Ralerence L]

Fig. 3.3

Time response and driver input voltage in

gap sensor installed system with varying
air gap (period T =2 (sec))

Aol oAy Ao

2317
v Fig 372 3102 dlmsted Hwd A 2kof
d3stRe A 4% H4E SN ALY
Az (Fig. 3.10)o] 7t4= Z A9 H=zwgoz
Aapd ol B AE 2L & Aol WA 37
Ag AgH 29 (Fig. 30 3e bz Aoy
Bgkel Zakaael AlalA Yokt
za wgshe 13 i 23452 g
Al geflol 4 7= (Figs. 3.5, 3.8, 3.11) LQAIo7]2
A% FEUHA Hstof el 2AF AR %
Z3= A+ £ 4 Uk ol A2 Fig. 3344 4t
8.0
Gap Voa
{men)| ™
]
40
q
Response
7 Reterencs
4
20 Driver input Vollage
2
b [X] [0 o8 X 1.0°
Tine(sea)
Fig. 3.9  Time response and driver input voltage in
gap sensor and accelerometer installed sys-
tem with noise (gap:6 mm — 4 mm)
a0
Gap Vol
(mm) [\ 2]
8
4.0
Response a
Refterence
4
20
Driver nput Vollage
: 2
095 [X] 0.4 0] ) T0°

Time(sec)
Fig. 3.10 Time response and driver input voltage in
gap sensor and accelerometer instailed sys-
tem with mass change (mass: 2.3 kg — 24.8

kg)
8.0 10
Voit
Gap
(mem) N
- Responss
4.0
L]
Retarance,
.
20
nput Voltage 2
O.v-o 1 ry 2 e o
. Tima(sec}

Fig. 3.11 Time response and driver input voitage in

gap sensor and acceleromenter installed
system with varying air gap (period T=2
(sec))



2318 o} &2 .
Arefoll Al B-gho] =0.15mm 23 #eiake] gl
uood@fzirl olzhe] 4Eko R qlsted EZoudf

Hsted 2kzhel Hoirt Qe 2ol 7hFe] wHsie
o] FeAA pebd I HEel Reor 4y
o v HY FHAE 4%& Al 2% (Fig. 3.8)
o dgst b4E 23 (Fig 311 & A2 ¢ Az

b3

W) A3E YA ﬁi}roﬂ :as}ofs 2age) 2
| ol e

L4 q Zotdee A
RS g}%oﬂ inHeg ety
23

£ AFE Athd F4HY d¥AHY AHLz:
Fig. 412 #c}, zen Photo 1& Aojwi4tal =
7l 4 A a8E Gehis Photo 2& FaHY =
71 %A Alaslel AgAE NS ol
4YAAE FH8 Ye M.:

A4 3 Hoks],

"’“8}7} L A%% b 7}"‘2‘3741. %7;”& 7S
S AT E FESn LEYss| A B4
vigiol st A2 28 UaE ASE 2E8n 3
g8 st7l 94 Charge $%7], #EHo4 wsle
Aolgse WY HEEF BEste) AL F5
5+t Power &%),
ez e %8
03? A &

Pawer

Fig. 4.1
up

Schematic digram of the experimental set-

Close view of the electromagnetic levita.
tion system

Photo 1

Photo 2

Photograph of experimental setup

A Axb4 x‘%’“(ﬁﬁ&}“# £33 Yajof A
HEEAE FEA HAE 2 s
o] Uuo) dsjsich 7
H A] ?EJ% E33ln sl4 54 Charge
715 Eosted 22 A/D HEsE Selod
o AAd 2o Aoridy @
WEleE stgn), Ao4Alie
tel Power Z& 712 gl slof
FEAAT Stq DAL L Aol

@)
T
o=
&
i
N
nly e rlL
ot
ol

Bz % 3 il dajabg A3l
ek el Es 2AANE S0 Alag A
Lol QlojA] BEHo] A 2AUS, Yool W
T oHzz 58, yadEd o el zeln
Az yug 27 ygagcd I o
o4y ABeMdE WAL Uy z7)
BEozvE JAHA EUHER s AL &
gatgdon ool A HT3 FHYPNE 2
48 Aol 4.5y £EL mas: oHS o



gz HEsed $YL rosh 23T YFE Sl
A eld AHe 71T Aueld A Az
zobsd Agstdos Ha2FAT 49 4%
3 7% Aol ekl FEAHE YHoz Fog
Ao ool 2353 AL,

HAdol AFA7Ie e A4 Han
A£FHON 2 Bhod %

o, 2 Aol Aga Ade
Sof sl wjdgelaz FAgo A
A &+ oo Ada Fag Follal
dou e AGATAY & & e

g

Aesponsa
v Relerence
4 Eror
from)
2 r2
1
0 o Q9
Ervor Loy
L-2
5 -3
! T"m}m]

Fig. 5.1  Time response and error of the gap sensor

installed system{gap:7.5 mm — 3 mm))
o
.~ Aesponme

n Reterancs rror
mm)

k]

2 2

*t

cr—crr — r

-2

-3

! ﬂmz(uo) s *

Fig. 5.2 Time response and error in gap sensor
installed system with disturbing force
(gap:7.5 mm — 5 mm)

8!3) - Response
¥
+ Reterenos’

E3 4 [
Time(sac)

Fig. 5.3 Time response and error in gap sensor
installed system with varying air gap

(period T=2 (sec))

o2 H Ao 2319
oo 2 Hof2olols FF3 ki AdgH
£ g 4+ Ynch

Fig. 5.1 55 HY 4A& AL8 =43
Holsh NS AAA T A3 Aadel 47323
b 2ol E Aoz A ZFE JEYA 28
of 2dhe AT £ 4 Ush AN A=
oAl 4 el dAHE F-okAlsl SH A akyslel =
ool shiboll o3t ofdkzt A4l FAF7 34
of 7% Aoz ARt g

23n F Axdel daHe HIULT A%
4 ¥ (Figs. 52, 3.6)ell v 5 Aloj7] AA4 =
@3 (Fig. 31) a3 22 woho] it A7

u.;1 — z.auq-—s'.aq
B\
s AesdoMme
Relersnce
‘ et
a
2 2
—] Error :|
:
¥ ‘n-noz(-«:) 3
Fig. 5.4 Time response and error in gap sensor
installed system with mass change (gap: 7.
5 tmm — 3 mm)
Qup
(m)1 i
.1
_Response
v Raterencs
“1 ey
L]
2 re
L1
N o
Emror Loy
B .
~8
Q 1 “m:m‘ E) a
Fig. 5.3  Time response and error of the gap sensor

and accelerometer installed system (gap: 7.
3 mm — 5 mm)

°

m‘ -
Asterence
44 rroc
f
24 4
1
/ Ervor L -1
b2
-3
o 1 “'.2‘“’ 3 -
Fig. 5.6  Time response and error in gap sensor and

accelerometer installed system with distur-
bing force (gap: 7.5 mm — 3 mm)



EE

o
Jo

2320

£ %

2

A8 Ao} 7]

~E AFE Y AR Hoie

2 (sec)

installed system with varying air gap

Time response and error in gap sensor

(period T

Fig. 5.7

ot

3 $A0 dxE 7
4 9% gAY AgAIE

3}
j=1

$ 2y

—

)

A3
[}

Alei7l AAle Az AL A ol 7E

478 Aol

[Error
T )

b2

ojw
™
of
o

o

ir

pTy
o

— 2.8%5 —» 3.3kg
—— 2.3Kg ~= 3.6k

Snp J
(mem}

wjy

rd

(3
K

$iho}

}71

A A48 7

]

|
&l

Time response and error in gap sensor

Fig. 5.8

3}

°

L

bl LQ @ Aloi7) s

°

of o

o]

+

Hg AL Aade Aol T4

3 e

a

£-5] Fig.
ol
AA

=

L2 ol &
= ¥ T

o

=] &

Z Jehd gled

57014 BE vhsh el 4= ZHAS Hzwy
dol % @

L

installed system with mass change (gap: 7.
o

5 tmm — 5 mm)

b A A

u

o ¢

ojw

.AO
,AO

1

~g-

=

|
= aok

(2)

ap

d (Figs. 5.3, 5.8)¢ll 4

ol dsiMde A galoldect

.z__|

715

o

(Figs. 3.8, 3.11)ol A #|o]Q

@ Ad7E A

=3
<

)

Fig. 549} 538
SAHE A%l o

ol A 1,79 ol4tel

mm ©|cgtol

12k 8.
e o

A 230l Dshed

)=
-

o}

FHo2 ey

-8

o

o

o olzXE 714Ee

9}

o
= ‘L}'

LAl

Py
T

A F-oll 4
of <t shoj=otef =}

'R

4973 dehie 723

et} Al Ealo] 4 (Fig. 3.4,

&

%
=]
M

Z

e
Lm
-

7%

[*]

Alole o
Ao} 7] ol 4

3.7. 31002 g

248

&l

=



A7\ %4 A2t dAg Ao

L3

ADEH

(1) Gottzein, E., Meisinger, R. and Miller, L., 1980,
“The Magnetic Wheel” in the Suspension of
High-Speed Ground Transportation Vehicles,”
IEEE  Trans. on Vehicular Technology Vol.
VT-29, No.l.

(2, Hebbale, K.V. and Taylor. D. L. 1986,
“Dynamics of a Ferromagnetic Suspension Sys-
tem,” Proc. American Control Conference, Seat-
tle, WA, Aug., pp.217~223.

(3) Kenjo, T. and Nagamori, S., 1984, Perma-
nent Magnet and Brushless DC Motors, Sogo
Electronics Pub. Com.

(4) Kortiim, W. and Utzt, A., 1984, “Control
Law Design and Dynamic Evaluations for a
Maglev Vehicle with a Combined Lift and Guid-
ance Suspension System,” Trans. ASME Journal

2321

of Dynamic Systems, Measurement, and Control,
Vol. 106, pp.286~292.

(5) Sugie, T. and Tanai, Y., 1993, “H,/H.
Suboptimal Controller Design-Design Example
of a Magnetic Levitation System” International
Workshop on Robust Control, pp. 1~16, Hoam
Faculty House, Seoul National University.

(6) 7%, 1988, M5 -5, 7ickel, M %,

(7) AEA, HAE, 1901, "Rl E4 Jade &
=4e 249 3 LQG/LTR Aoi7l 44", o

g7 A e s =2 A, A153, 455, pp.1620~1634.
(8) ol%%, o7, 1993, “x}7| 4k A ade ¢
2 & Ao, "ol &) A w93 A S g 2 2
(1), pp.288~291. '
(9) HHA o 41, 1974, ‘"7A 7, THedal, AE,
(10) == A1, 1992, “LQG/LTR 4A44< of&
gk A7) A AlaElo] ZE AT AAeY =

T sANsa,

O



