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A Design of Optimal PID Controller to a Magnetic Levitation System

Using RCGA

Jong-Dae Kim

Department of Control and Mechanical Engineering, The Graduate School
Pukyong National University

Abstract

Scientists have made efforts to levitate an object by magnet long time ago, and
magnetic levitation got attention since Habermann, which is specialized in
magnetic bearing, was established in 1976. The studies about this field are carried
out actively in French, America and Japan,

The applications of the magnetic levitation system include main shaft of high
speed machinery, magnetic levitation train, and the pump of the artificial heart,
And this magnetic levitation system is being applied to high-tech industry such as
aerial space industry and bio-industry continuously,

The important thing in the magnetic levitation system is the system is not stable
originally. Therefor the key point is to maKe the unstable system a stable one.

There are several methods in the parameter tuning of PID controller, such as
Ziegler-Nichols method, Cohen-Coon method and relay auto-tuning method, that
doesn’t need to know any mathematical knowledge for controlled system. But, these
kKind of method has weak point that it is only used in the case that controlled
system should meet special conditions and it is worked on open loop system that has
disadvantage at noise. The optimization methods in order to conquer these
disadvantages are the steepest descent method, newton method and so on, But, these
method have also disadvantage, when object function have many parameter to be
optimized. These optimization methods base on numerical analysis can't work well
due to increasing calculation time and going to local solution.

But, genetic algorithm which imitate nature phenomena is free on these
disadvantage that normal numerical analytic optimal method have. And this genetic
algorithm doesn’t need predetermined knowledge and require other information
except object function, it is introduced in many field such as system

identification and control, machinery study, neural network and signal process



successfully.

In this paper, author tried to find the mathematical model for the one side
magnetic levitation system installed electric magnet on the top and to propose a
method to get the proper PID parameters using the RCGA that is free on disadvantage
that other PID parameter tuning methods have. And author also conformed that the
designed magnetic levitation system have a good performance through the response

simulation.
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Sy = | ay x; Xyl Sy = | x| xj Xn

Fig. 3.8 Arithmetical crossover

crossover point crossover point
Y
S, = x;‘ .7'. :_ x;‘ _‘,," ; -. ,.. . x: Su - .z xi‘ --. : x}? [ . s xz
S, = xf le} x; s, = xf xf - x?

Fig. 3.9 Modified simple crossover

3.3.5 E9 Y o] (mutation)

el vpAAAE Edel e g el FuE WA 2 i
Az 2 dele BdEs WA BAT AR JlEe] deEanols

T OHE #FEIWol(uniform  mutation), 7 A=< o) (boundary
mutation), A< =12] TEHWol(real number creep mutation), 52 &I
ol(dynamic mutation) §& TH3 EAWM] AT AJLsT o=
FolA 2 Aol AMEE AMAlE EAS Aol



BT &AW ol (non-uniform mutation)gt 5% 2= o] dAalxt=E =9
WHol Fgof ol Hdely AMAE Aol wap 2AHE Saga 1o
AR Ay deg wAgeg s AU E Eo]r] 9sle] paM 2
Hol 7hedtEE & ol EAwelrl dojui d 2o HA ke 4
(3.9a), (3.9b)dll 23] Ailo] Aot}

;= %+ Mk xtV—x), 1,=0 4 o (3.9a)
x;p= x;— Mk x;— 2, r,=1 Y o (3.9b)

2 A(ky) = vd(l - %)b-om, A7 = 00lA 1A A5 B3
T dudZe] Adx: Hd Aus, 5t E29S FES veys o
2 ALgRe] o3 AAEE golth Al k7b Z7bete] wal ol
+8 wAsA Ao

5 o5 = .
Oe2l Fig 3102 59¥o] dite] Ao, 1 9AS 4uxd o

stepl wAH o2 HAd Pe+1) Wl d4a FoM shte 245 A

step2 =AW o] & & (mutation rate) P,, FF J9 TA wet Aew
ddAe] MES gt 2ol WEA7T
step21 4> P, 1 M9 ® dMA ] 248 Oz )
Step22 d< P, : NdE AAAY QAZ 129 BAS 2o A
Lig=d
step2.2.1 & 49 #tol 05 "9t AS= A (39a)F o] &3}
step2.2.2 = 42| glo] 05 oY A= 4 (39h)E o] &3}
stepd3 A8d HIEE AY Pk+1)o] 2 g

rx

d

_20_



temporary ] .
population @ select .Se'quentlal
; individual -
Pli+1)

# new
copy the individual @ population
6 Pli+1)
i=i+1 |
i=N-|{ no
ves

Fig. 3.10 Flowchart of mutation operation

326 AYE A=F(elitist strategy)
rojsl e X Al {3 dakAte] 84 £4 o] & Mo H
2 A7 b Aldlell A Aol A
Atk ol d HAA AL 2B F =
FAol HAHA wEh dEE Adge Ag ueM A2 AF Azt
s AR BART Ga dgEE R2e »2Agsly] s ngkd Holoh
dele A= EF5E old Al HH AAME Asta doprt 44
o) At sdd T H AogdA HA AAz LdE Aoz wdEd,
A3d HH AAE & MdddA M G A E2 A9 A w

riO )_m
P
o -
M
B}

e

Aol HH AREs oldAAY AH MR e A9, @A
A Ague oldrAY A4 4gwst AFHe] 9 el A4
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wet, Ao HH Agmst oldtAel HA AFEun

E i B |
AL AAEE T B e AAE AFE Aro] o)dnAe] HA

7N =)

defE dEE FUM FdgneSse £A%E Fig 3113 gon, o
%Jﬂ- é.\g__ E}}ﬂ% H% ]_4) 7, 16)~17)

stepl &7 A HolAZr &
step2 Uho Moo mojxss} &
the] A NAg vlwgr,
step21 & Adle] HA A7t o)A Ao HA MR Hege g
o] A%, old Adig AH AAE & Ndo HH A=

73 “4

¢ F A4 s A
¢ 5, @ Ade A7 A9 oA A4

of 3?-% B, old Adlel HA S B Hoe s ok
A 5& d29 A w3kt
stepd U Mdie] o)z sE A a)e)

initial population
P(1)

pes@yy:
‘ - P(s()) | :
fitness P new population
(D) - P(i+1)
*
strategy ; mutation
reproduction .
tion o : operation
opera Pie=12, . mp T
N temporary
mating pool | > crossover | > population
Pi+1) ] operation Zi+1)

Fig. 3.11 Flowchart genetic algorithm with elitism

- 22 -



A4 A7 34 9 A PIDAo 7] A A

4.1 Aol A +A

Y

- > K(s) G(s)

Fig. 4.1 Block diagram of control system for magnetic levitation

Fig. 412 A7 84A1~ = :

Al 3ol M e o] e xow wddg A RaAlad g Ao
= AAsta, A" A2 E NEYoldas Ystd B dToA =
A7) R 2] stne e 98sgdEd, 1 g
=2

Tl G 4 @217 ddste] ey, A
I;]_'ll)*!Q)

aZ
2

it

< table 413

ﬂi?-
L

e A 4?2

Table 4.1 Parameter of the magnetic levitation system

parameter nominal value

Q[ Hm] 13.1812 x 10~

k[ Hm] 6.5906 x 10 ™4

L{H] 0.1097

R[2] 3i.1

X, [m] 0.01

m| kg] 0.01058

I[A] 0.125

Gls) — —1419.60 4.1)

s* 4+ 283.50s + 392.38s — 551880
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4.2 e e Fx2

PIDAeI7] 8 setrlel g AEdoz =Ad= AL AS5EZ(auto-
tuning)2t . Feh E A9 WY o 2= Ziegler -Nichols T2, relay A
& 2%, cohen-coon F%H slom, of W5 Aol A~
9 Bdg 283k v gdd 5233 Le A4 PID Faues F48
oarAE AAE s et tgs H4HE Aol A=

e g

ofn
£

4.2.1 Ziegler-Nichols %4

Ziegler-Nichols &&%-2 194249 J. G. Ziegler$t N. B. Nichols7} A
A Aoz Aoy FAES} Yeldls #x-Sge] e arE PIDA
719 setal el e S Aske dhfolrh Ao Alojul4 Alzslo)A] zhokat
R 7t AAREES st o] AdAAZYE PID #3vHE zhga
& «]3}1 @7“’3 Sil‘:}-‘i FHE 7]'7‘“:}

s 47

—

=0 ]
f &A= CH%* A AerEHES HAAT T £5Hog Hgs) uy =
st w2y g Hojalawe ’3274]??}‘4
#l (42)& Ziegler-Nichols H3 8o 248 PIDAo}7]9] Adstss 1}
el A o)t}
K(s) = (1 + % + Tds) (4.2)

-—

A71AM, K, » vl@AS, 7, 0 A B A 7Hintegral time), T, @ ©l& A7)

(derivative time)©]t}.

°of #etmE FxRYel= ¥ A Q= o] E2HEL BT Be A
b Aol s Ao wHsz i’:%ﬂ%—%ﬂlﬂ Ho] eufE
(overshot)7} of 25% AEZ e dAz Tust Y5 & worn g
ARE HA Y Ao BAstE WL ohynz Mi Hom woa 4
oo ool wet stepele) 2 49L F7bE Faejor dol,
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4.2.1.1 Ziegler-Nichols 2§29
AWA PPozE 230U S S 5 gl) o= g Tae

25 dE Fol o FELvhs tala, o] vy SHIHOZRY o
=54 WP EHE 7l o delulE 2R PID deug s A
0]'74& of W2 HEWM i ZUE HE)I waty

Havre] ohd QIR Alaeelul AgY 4 91y @ ioj

f - =8
of #Alo| WEEE Azglol el sgleyt e Fes Aniyow
Fig. 429 22 S34 Feizt "k 9l Adgwol SHgo] oful 7o
ool W A Uk SA Hele) $UTHY B4 Fig 420
.")—

A & %ol AAATHdelay time) L, A A% (time constant) T., 3
70l 5(DC gain) K. Al 7bx stevlel 2y e 4 9ok of 74 A
?ﬂ’*l{h—} Adrs st Fele] S MITdels gae ae =,

1AMl AFE whbs dak G4 y(n = K, 9 s gogny
22t AR 4 vk o] H4E Fig. 429] Lehngloh

»(2) ‘r
S S

. ; -

I‘_ Lf —*“—_ Tc —’I

Fig. 42 S type response at open loop system

olsh ol F@ 54 setvlel L, 7., K, & A4 Fdse dege
T OEd 4 U 2ol ABAAS e 1R ANades oA 4
At

AN

—
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Yis) _ e M .
U(S) = ch TCS+1 (43)

Table 4.2:= PIDAII 71 & 4AE = PID devly S29L Q08 7o
=3

Table 4.2 Ziegler-Nichols tuning relations
(process reaction curve method)

Controller g K, T; T,
P K’i}Lt - 0
P yoh % 0
PID Eft 9L, 0.5L,

ol2cl osf AAE PID stetnlele] K, T, T,#S Table 428 2
o] g, o] Table 420 uwle} welulEE AstH AR PIDA|o]7]¢ A
D3 A (@)% ol Ak

K(s) = K,(1+ wjl_; + Tys)

12T, 1
_ chLf(H Ths +o.5L,s) (4.4)
s+ 1\
06T\ L,
- Ka'c S
AN A, Aol # Ao THH s wlon ol% 9dHe spxA A}

Table 4.2¢] we} setv|EE 4 PIDA 71§ {38 o, 7Ha 2
o ¥ EZ 24 s Ads L#g 9 24 so PID devg
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& Axdsle omeEg 485 29 5 A 2 olfn Lo ARS
| 55 g wA o
FRAAN RS dRolTh tre} Lo AW AS PEAnL

J{N'

4.2.1.2 Ziegler-Nichols <] A
+ ‘i‘i’f‘ﬂ t‘“ﬂ?l AARNF

¥
l"lO rﬁ

= H&3tq ¥ geeg

(sustained oscillation)®] }

1 (42)9 A F
KEe 008 FA7R4 2o A%
B w o] YAlol S(critical gain) K. 7 9 A% 7] (critical period) P, 2%
B PID At EE 24shs gyelh wheb Ko @S 7HAAE ol
F AT Hol4 e Afde o Ee A8 £ gloE vids A
A3 ek,
Fig. 43& 9AFE S vehill= eg 348 18 Aoy

ol

VAVARN

Fig. 4.3 critical oscillation at open loop system

Table 43& <IAARN K. AAF7] P,ate o434 PIDAo/=
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rek

AAESE PID stebvle §2 & ao4d R,

Table 4.3 Ziegler-Nichols controller settings based on
the continuous cycling method

Controller K, T Ty
P 0.5K, 20 0
1
PI 0.45K. 1.5 P, 0
PID 0.6K. 0.5P, 0.125 P,

of wWel MAE PIDAlC}7le) A5 4 4s)sh 2ol Ve = .

K(s) = Kp(1+ :}.I_s + T,,s)

B 1
= O.GKC(1+ TErs +0.125Pc,s) (45)

( s+4 )2
= 0.0715K_.P,., Py

S

7)1, gl & Ao FHF s= Fho ¥ A dHe sxA B
o,

W euMHES F Agols AAFEY P, @t o =ZA st PID stal
HEE 2R, AFZ o] 5Eo AR AN AEARS =g
A s galel emaEE Bds =

Ziegler-Nichols 3H9 7+ WA W EoHAT AlAdgdx 2838
2 gold G aeleds ofgd R WA wWyrT AWt Wl o
du, o] wiew sty AL sew vl EE 27447 EA
AANE] debd wrix 28 AL B Byo] WRw ] fEo
datele] Fxagol A W wiEcE o Bgsig 0w
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Fig. 4.4 relay auto—tuner
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b A el

A7) Assx7le F4& HEd sion.

1

2 AWz 3 =9 (relay feedback)ol ]3|
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o] %79}

TE Aol 5E HAA

A debdiel A 1, @7

rQL'

th o] o] BAF] T8 AEESY
15 K, © 2 (463 Jehfol ot

=3

44,
Ku = JTAO (4.6)

°l59) FERYE PDACNY sebvl= 4 4N 2ol AAF + 9l
o},

K, = K,cos¢,,

(tan¢m+\/1+tan G ) (4.7)

A7IA, .S AHAARIT e AgFE JHAEEA, HE
-GE < ¢, < Tlrad] B2 & ALE &) o|gA HAS PIDA|o]7| =2 A
S5 S deo ©e Ao ewFES A UYeE Ao gade 4,
& 7M1 A PID #efvlelE 246 QWG ES Ads] 29 £ gl
et g0l ARFE SHE s AR R HA™s] HEA AL )

ﬂl—‘%%%f) ZWE digiM AAd7] =l AAAT e FrE
thERLA) Sk ks AY 2ol fldel gl Alagle] A

e Aed
& 7hestH, 53 dudes A2 AGAAS #n g RGN 2
23ty o], AAY] FwAlsde TP HAFHE AEEE A0
= e Red¥E B AN s2ARe 7Y 5+ 9t

AA7] F2L QAMNZY } %*O]‘I‘ AR7] 298 + 2, Sl - =2
Aojsts MAem g WA EUEL (1) =022 A
oJH Agre ZEE §_E}_ agli o] FEYY seuig gEREH

PID stEtr¥l7t 245 7] A7t = PIDAY 7| & dF o) ddsr =
o 5, FRYHAE BAET Ay Hove) WX ddo] Hu, T
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ol gt Fo] Aojwrae] A= PIDA 77} ZWES AAHG

Ad] AETLME IR Addde TEd dArIMozA
Ziegler-Nichols &zl vl&} HE4WUA7 W1 $2AHS oz 5
dst= Asexr] dH2 Fd}E 4o “le , WA ST BobA
SR Agd 5 glon A FedAFgR f\lﬂll"ﬂ o]l F dfel= d
s Ad9RFE 28 F dAY, l A7t ved shsAdel ok

4.2.3 Cohen—Coon 5=

Cohen-Coon &2 Zeigler-Nichols %% FoA F s wwe)
AAAEHe & MPgow B 42 9o 19533 G. H Cohend G. A

Coonol oja] A" Wyezy L ngse 2e gerz guge

dAA ot o] W2 Ziegler-Nichols £2H & thals)d 3 Ab&H o]
i},
Fig. 45 Cohen-Coon ¥3x% 9 7 selneE HAAs= wwle g

He ASRE g AA4A, = 452 7ko)o)
controller “ +
output Ap
(p) ' %
0 Time
self 9 .
regulating ‘"_" -
system ;
response i / AT
(T) ! 4
0 Time

Iig. 4.5 The parameter in Cohen-Coon method
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Table 4.4 PIDAI17]1 5 MAgte PID sedvlg 52388 gokst 7o)
=

Table 44 Cohen-Coon controller design relations

(designed for % decay ratio)

Controller K, T; Ty N
o | Fabed
9|3o+3(~"”
PI m};—g(0.9+ ﬁﬁr) 9+20(_Qf)
T
g3+ 6(-4¢ 46
PID %%( 16r£f30) [1“8((*{))] 11+2(—f¢)

ol MY SAHegE ¢ e d¥wton =it sbsalm, o AorA
iAol detriE #¥ T AF o wHS Waw akx @-o e
B2 A7) sepvle o] Aste] AR

o] Aol AP Fejol o]FolXmm uler AF vz AztE
Aol Wge] wAH, 98 A w2 N43 e 3 = o

W, A dus 4o el59 g 2@ w wep 2P YA} ez
& 7HAAY AL dme FES AgsR, 2x FddMqe sas W
FAE A7 e AEolATh =% AciAlg o A gy Ay

of gom, 15 Add L yea guz Nggo=n ans
7

424 GA 9% PID x99 =7
UM AR ot WHENE Gy B dfed AlgstE GAZ o] 43
PIDAIo 7] eule] 5238 Folzl ZWES mRuxgoz EAso,



gl sl X EF st A gst & LEs o))
B ol PIDAlol7] metv]ElE A4 $4 Quelde] wsza
AAdstdon wrRUANow gTHY THEo Z2a Zolz S
Aolof A] WhAEE 93] 24 MBS A% Witz AH AT
AAE Ae A7NE4E Q5 AAAdYL Edle Hdzs Q4 519
3, A AEEE ANFod Afmy GALe] o] G AMNE W)
At o1& F3] 7otz AFEE PIDAC 7] FepuH 2 Algaiu)

H
oJeld Fxyel 5ot Fold mde] 40 Hyo|E uHHol
of dMsts] WEo] mede )
& Folk Ak Aol wa,

o)
Vs Asts A MAASE A w e
5)

z o

3

Ed s 2—‘1% =EOE HA Jhssti, HAe g Feke AAA TS wE
A 9y Fdel v

Rbde] GAE o83 PIDAIC)7] Setvly Bx9e Fatudss AlA
of 84 rdgle] Wtz Qi) oo o EEWY AL
HE g = s|Xe] et oy B AT ALLdE B2
el At ZRE digh AHgg wdago]l wi=A gdgsc, 1y
Aabe]l Aol s dAHAAE Brsrt AgE AAHA B
T, FAEY e A "Hohe 9™ S A o
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43 B71%s A4 2 Aoy AA

et ol M 2e)shrt dojub= B9k a7t $de Hrsie= 3
=dE g9 Jé?hﬂ 7F 2astAl =ed, o #@Agtsd) uker H2skg
MAHGE 7 57 Ak 2 A7l Algsts HrbeeE A (48)39
Zu.

I= [ ¢wa (4.8)

A7IM, e N9 Et E979 eAE e HEATEL v e
Folzl ZTdE H&T PIDA 7|2 e
3 tHoR MYste ¥AT 4 (“9)9 2.

5
2
2
>
s
MN
ax
o
ol
o

K(s+2)(s+ z,)
§

K(s) = (4.9)
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A5 F SHFHAEHA

& deld AbEE fFHgaeEeE SREE ol8F QAN FADE
sAEHH] 3 A e Flelitism)S ¥3H8= RCGA(real coded
genetic algorithm)& A}-8-38} %5t}

Ztehel 2 Ao gEtvg e AAFGe] A7) N= 20, AMAASE
p= 17, awiBE P .= 09, EdWel|dE P, = 017 AHgegn, 713
NHL A ALEst T

ol W, 7+ Aoyl AAvE(K,, 2, z,)¢ AFHHE Table 5.17 Zo]
42t nAstdow, 1 owje] HA selujeet Jrhgae 3t £ Table

Table 5.1(a) Value of optimal parameter(lst)

Result(controller design, 1st)
Limit Value cost function
(controller parameter) | (optimal parameter) ()
K, =-30~0 -30.000
Z) 0~30 29.999 0.017
23 0~30 29.874

Table 5.1(b) Value of optimal parameter{(2nd)

Result{controller design, 2nd)
Limit Value cost function
(controller parameter) | (optimal parameter) W
K, -100~0 -61.047
2 0~100 30.637 0.012
2y 0~100 30.637
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Table 5.1(c) Value of optimal parameter(3rd)

Result{controller design, 3rd)
Limit Value cost function
(controller parameter) | (optimal parameter) ()
K, -1000~0 -467.463
z; 0~200 19.839 0.010
23 0~200 19.835

0 Fig. 5.1 94 443 RCGA Aol B8 24349 47 o
AAE A Aol

x 10"

object function

D 1 i 1 1 | 1 1 ] 1

o 10 20 30 40 A0 60 70 80 90 100
Generation

40 T T T T T T T

] TR —
--- oz
—_— 22 |

control parameter
o

20t i

40 1 1 1 I L ¢ 1 ] L

Generation

Fig. 5.1(a) Plot of object function and best chromosome(lst)
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g ot .
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Fig. 51(b) Plot of object function and best chromosome(2nd)
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e

L ) 1 1 Il L
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m T L T T T T T T T
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5
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Fig. 5.1(c) Plot of object function and best chromosome(3rd)
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& Fig. 52% 2®igge] M Adojr] Ao AnEs zhztel 799
et A mhebol o] A EHg ER Holo

Ael 7] Fpole e At K, = -1000~0, z;=0~200, z, = 0~
20002 nAlg Aojr] dA Ax= HrEg A gho] ol gEde

& 4 i, @¥FE(overshot) 7} ThA B o] 9w Stiol wh
%"9‘ OE]— 3[: 9,,1 :11, sz 7100“’0, 2y = O"’IOO, L9 = 0~100c = 126,]
F BT LW FE(overshot) s BAW, $xto] A =S & 5 99l
o},

K, = —467.463, 2, = 19.839, z, = 19.835, 7= 0.010

| K= —61.047, 2, = 30637, 2, = 30.637, /= 0.012 |

2N [K,, —30.000, 2 = 29.999, 2, = 29.874, ] — 0.017

N4

Fig. 52 Step response with PID controller

_38_



A6FAE

2 dFelMe dA Be Pokold s S8EHT: Qs AR A~
QOIS AT RG2S Fodow vadsidc aua @4 243
IMeg AA ZAddn Qe fAgneEd gs Aesigoen, ==
Yl EdFE ANGYU A EAZS L5 RCGARA Fo7 B}
dTE HAHoE e PID HvHE FaE WS Axsigen, o
WRiel o HAE HA AR A

Lol el SHAEH)HS )
of AE AojAlag gde) F3de QC’J%}%E}.

FE GAxRIIRY FE2E
Fof Al Aol Hga ne

= UJ— —?19—}4 0171“
sh= slo) 2 Aate] Hajolg.

_!HU .:L
=

2

o

i

RED

k]
r>~

- 39 -



1

2)

4)

5)

6)

7)

10)

= =)
a3

r !

K. J. Astrom, T. Hagglund, C. C. Hang and W. K. Ho, 1993,
“Automatic Tuning and Adaptation for PID Controllers-A Survey”,
Control Eng. Practice, Vol. 1, No. 4, pp. 699~714

Y. Mitsukura, T. Yamamoto and M. Kaneda, 1998, “A Design of
PID Controllers for First-Order plus Large Time-Delay Systems
Using a Genetic Algorithm”, The Fifth International Conference on
Control, Automation, Robotics and Vision, pp. 1538~ 1542

J. F. Whidborne, 1999, “A Genetic Algorithm Approach to
Designing Finite-Precision PID Controller Structures”, Proceedings
of the American Control Conference, pp. 4338 ~4341

A, wAdE, £95, 2003, “NA3EL SAYTES ol 4%
WA A28 AV Fx PID Aoj7)e] AA7, shaabgr) 9aks) ]
A 2738, A 13, pp. 24~33

WEH, AEE, 73T, 2000, “AdPdE FHAGDHEEL o] &3 vA 7
g 2Rl XA =YW FEE 20009 =

pp. H58~61

G. G. Jin, S. R. Joo, 2000, “A Study on a Real-Coded Genetic
Algorithm”,  Journal of Control, Automation and Systems
Engineering, Vol. 6, No. 4 pp. 268~275

olF s 2 22 F9, 2001, “ArIwloiH e 71z} $87 Al awpEas
(Fd), pp. 162

AR, 2002, “Z7lwoly Alxswle] g s Fofo] g Ay
Adigtnw tigtd, pp. 2~10

HAE, A3}, FFE, Arively Aade] ndd 9 =Ho] 3
T, B=EY AT A A5E Al4F, pp. 44~52, 2001

AAE, A, dAs BY3, 4FE 2001, ‘5 A4S B3 =27
Hojg Alxgle] mddge] #3 AF” dTEHsAFEFA 57
4%, pp. 53~60

e

2 «

_40_



11

12)

13)

14)

16)
17)

18)

19)

20) A5

21)

s

A8 1997, MM E A 22| RAAL] Zelak 9] Aoz A A
& A7, FA A ekl pp. 1~14
olAlgl, 2002, “PIDA|}7]o] 4§ 27| 3abalaele) Mo #Ba @
T, FAWE Y wS e pp 718
W3, FFE, 1996, ‘QEEls EAS o) &3 27| RAaAe Wy =
el & el g AT, F2ALAETEE A A6HA A33%, pp.
357~362
A% BalF, $FI, 2000, T WA FAL nelg A7)EAA
EuleE AEAC)Y] AT, d5FY A EsEA A4D A4F, pp.
84~91
AEE, dTE, A %‘%‘fﬂ, 2003, ‘4 deygES ¥

2 [ PIDA o] 7] g}e}w] € 2] ﬂ’i‘li} doEY7]
Ases] 20039 EA%EN =24, pp. 96~101
7, 2003, ‘AU EN I &8 WAL pp. 149~212
HET, 2003, “FALTEFTL ol &F HEY 79 A4 HH A
A, 4 gt g9, pp. 5~14
FFE, 372, 1987, “PIDAIo]71e] HAMA ] B A", =
HEE 7182 ®], Al11E A3%, pp. 227235
AE 4, 1997, “dF A A 29 F8, YE 2} pp, 311~353
& 9] 391, 2003, “AlojAl 2% FE" HEzZE pp. 288~32]
Tomas B. Co, Michigan Technological University(MTU CMA416
Homepage), http://www.chem.mtu.edu/"tbco/cm416/cmA4l16.html

_41_



2 30l B AA I3 95 el AEH N2, 339 Wz
VEN] FA 2T P52 239 2o Wy 4o AL BAE
LU LS

o2 vy F 5 olYgt Axe) xder FL ¥Jo 7
A=F “l%ﬂ T2 vEACl AU F93 249, A4 239 )
£ =3y
¢, J"—ri} HARD F¢ 42 22 S 3 45 249, YNNG
4, 24 259, HY 259, 249 249, V92 244, 3
2EEA A =P
AR 42 233 )% F ASF I oY spx 29
FA AL A, o) F A, H2g 3 ¢ BH ohgy
e AN 2F5F P % AN E, H2Y Fedal P zyy

oR
hx

o Ir Iy

£ L d
j‘;g

283, 9 A F4 G 4Y LAY AYE ob3l ) oA
FA A34Y 37 YALED )9 A Lo NPE o) §5
A 34N LERTY 4 YA EA BN Zy

2oz, 271 $uhE Y2 129 FAR, 4AY 4oz o)
P4Y 4 USE 50 329, 94 Fo)H G2y HPoz A 3
b g opmo) A 2 Yol H4F AB2Y S F 930), JAY o
Feldd AN 5 - gRd, F3 493, S4E, A, 23} 3
%, 8%, 293 40} b TE 3534 o 22 JLE A 2 ¢
S8

2004 1¥ 119 3} FH4 29



	표지
	목차
	초록
	1. 서론
	2. 자기부상계의 수학적 모델링
	2.1 전자기적 고찰
	2.2 자기부상계의 모델링

	3. 유전알고리즘
	3.1 유전알고리즘의 기본 개념
	3.2 단순유전알고리즘
	3.3 실수코딩 유전알고리즘

	4. 평가함수 선정 및 최적 PID제어기 설계
	4.1 제어계 구성
	4.2 파라미터 동조법
	4.3 평가함수 선정 및 제어기 설계

	5. 응답시뮬레이션
	6. 결론
	참고문헌

