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ABSTRACT

This thesis presents a new technique for designing a robust controller for a DC to DC
converter. A performance index in H infinity loop shaping coutrol, stability margin, is adopted as
the objective function in the optimization control problem; GA is used to solvé this problem to
evaluate the optimal controller. Conditions of cascade control are adoéted as constraints in the
optimization problem. In addition, pre-compensator weight which is normally difficult to be
selected is simultaneously determined with the controller. Comparative study with the
conventional H infinity loop shaping is also presented. Finally, simulation and experimental

results verify the effectiveness of the proposed technique.
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gaANY9n

< o, (BN 2
il 2.4 yulnseudszasnadui narmudumieni

@aht

[ I . . [} . o o
Tagh Ao Ao AMuNaunrasua i 2.4 MAannassuavetaniulizy (1) qudu

a1 (¢) 'l

TN AL )_TAy (2.28)
202 ) 8

1 1Y v o Jdo tsy
unumnInaums (2.28)aslumums 2.27) laanuduusasi

Ay =180 (2.29)
Y

b4
dao A

gnum i, NnauMs .10 asluaums 2.29) w2 Idanudusiusdadl
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TV
AV, = —~le(-D)T
o = 30 L( )
& o Il py
v, ~ §CL
AN 5 RS (2.30)
v,  8CL
-
T“iv
av, _ 1D @.31)
v, LG

d' d‘ ar Y o dgl 1 ar . a dy a v
Tﬂsmszaaﬂﬂaummuimumammawwgmmuagnummm"lmma (D)aanu
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2.1.2399 INOU-NUITZAVLTIAH (Buck-Boost Converter)

MITNOU-NUITLAUUTIAY (Buck-Boost  Converter) Lﬂuiﬁ%iﬁﬁ1ﬂﬁﬂﬁﬂﬁ§mﬁu

LY o 9 & Yt 1 J A t as Y a =1
ITAUETIAUNIATIUBIANA (Vo) °lwummﬂiaqammsmymamuauwﬁ (Vg) ERRPRIFAY]

je

¥aYMIN1IUeY 2 dnuzfe aouzidiadinssuauazgousioiag lidhnszue

ae

{ o o s o da
Ul 2.5 uazmsmugumsiinuYeIINyszalussau Iz s iadisueqian (PWM)

a d 1 o @ LY
ﬂ?UQMﬂ]iLﬂﬂ-ﬂﬂﬁ]ﬂ“ﬂ !.‘Ifutaﬁl’lﬂ‘ﬂ'lﬂi]iVl'fJ‘Lﬁ;‘ﬁﬂ‘UlL‘Nﬂu

N

VR b T %
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e 1 +
Vs —.:% iLH V=V, “T'c ;Vo
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E‘lj‘ﬁ 2.5 (D) WITNBU-NUVILAVUIIAU (V) WITNBU-NUTTAVUITIAUVUSTIAY UInTLUA

uag (a) 'Ni]51’1E)u-“r’l‘lﬁ$ﬁ’ULLSQﬁU%M%ﬁ%ﬂ“ﬁﬂﬁﬁ]ﬂi:ﬁuﬁ
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¥
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TRYD:
N 20
v =—LV: (2.32)
=D
A
($\)3]
=Y @ 9 o
V. a9 HINAUNINATUBUNA
A a Y <

V, f19 UTIAUNTNATULRIANA
¥

D A9 A7 [41Ra (Duty Cyele)

3

MsBeALUUAIRIM TN @A gAY0 IV NBU-NUTERULIIAY LazAs
v o . A o ¥ Y @ et A [
pRAUUUAINUL 2] (Capacitor) (il IMe U NUsEAULS Wiudidszasnaduagly

seavfivensu lduazfivinadufulszy ilvadu W musaesnuuu lddaaunis 2.33)

uag (2.34) a1y
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2.1.3 199INUIZAVUIIAU(Boost Converter) HAZ DTNV IZAUUIIGULVVABAT
an (Quadratic Boost Converter)

MIINUIEAVUTIAY (Boost Converter) (1 UITN AU TOHNTEAULTIRUNIIG Y

Y '

d Y a o ° '
1A (7,) Inlimgeniuseduniedduya (7,) 19sizlidnuanisiinueg 2
A o a ¢ o s _a o t o [ o
BLREEAGE: ETQ'I‘N%VIff’.]ﬁl‘;]fu'lﬂizllﬁuﬁZﬁﬂ'lUZ‘V]l’f'Jﬁ‘lfuliJUTflizllﬁﬂﬂzﬂﬂ 2.6 1agN1g
3 o o v da
AgUMIhOure I INUSEAuLTWuIdiadisueqan PwM) muaumsda-la

a o
aINY

1

+
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4 @ Qs [y s a & o
gﬂﬁ 2.6 (1) NATNUTZAVLIIAU (V) 1ITNUTTRAUUTIAUIUSTINY HINTSUT

1Az (A) 1VTNUTLAVLTIAUVBLZEIAT I NTue
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o o dau a
ANUAUNUDIAIU
v, 1
v, 1-D
- (2.35)
1_
A = @ 4 a
4D Vo 018 LIIRUNTIATUDUNA

=] LY 3/ o
V. A8 UIIAUNNAIUBIAWA
A s dy b
D A8 A1A3A lesiAa (Duty Cycle)
Y < o { g { LY a @
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o o [ 1 a 5
uaziivuradufvdsey lulngRuldawisossnuuuiddsannis (2.36) waz (2.37)

AUAIAL

;. .DA-D)'R (2.36)
Av, D (2.37)
v, RCf

INUTTAVUTRULULAIDATIAN(Quadratic Boost Converter) 11111395 e 11158
a [ % 4 =0 | ' Qs a =t
NI ZAUUTIAUN AU IANA (V) Wumqammiqﬂuww’{mauvgﬁ (7,) 193592l

[ o t i a dao { a Sy 1o
AnHUTNIINNUBY 2 ﬁmuzﬁa ﬁ-amzﬁmmumszummzaamzﬁmﬂm"luumizuﬁ

€
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1. sasd s e nuuyiesiugusia bl

o
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D,
D, D3
L _D'Lﬁfi NI
— I
« lu +l li2 +
Voo ==C, R

31U 2.7 1asnuszAuns swuuuAeAI AN

o o & @ @ a
ﬂ]iﬁ1?]'JUJETUWN‘EV?JQ'N"I]?WU?%QULL?Qﬂulnﬂ]ﬂ?ﬂﬂi1@ﬂﬁ1u1§ﬂﬂ11f3\lﬂ1ﬂﬂ1i

NITAININT NN A IATIATIHAt Az an U R aIRg 1NN LU ave91995 1an

v
p=1

¥ o o o a o v o Jdo
ANVAUNUTNITNUICAVIULIAULUUAIDAIANUA NUAUNUTAIU[36]
V: 1

V. DY
0, - MAN (2.38)
(1-D)
& =) o Y a
4o V. 0 uiaﬁumamuauvgﬂ

s
@ v

¥, A9 1IN AT IANA

o

]

Vv
p Ao maaleiaa (Duty Cycle)
msvanuuYmIAIHis NIV s i ey s rAuLs suiiniszasnnaueg
Tuszauivaniv1d[36]

4 _ 3
Ll>(l_D) DR;L,>(1 D) DR
M ’ 2f

3 a d
22 HyUadUYINAAIaA

° a < [y U
2.2.1 HUUABUFINAMAAIIIVINOUIZAVUITIAY

HUUI1A09UTNUADIUTYBINA TAVD IS IAUNATNTLUTYDINIVINOUTTAY

ussau llh3s) Ao

L;L([) +v (1) =d(t)v,(t) (2.39)

v, () (2.40)
R

C‘.’O([) :iL(t)'_

4’! = a L=}
dlodsuiiumasndne

117945
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. =1 (241)
p0| |° 7 {w)] L
. = +| L |d()
w@] |1 ZLIO1
C RC

A & ' = ° & 1o g - ' Y . &

Wo L a9 MAaNuvueIul C ﬂ’e)ﬂ'lﬁl’)tﬂ‘lﬂlizi! R AB MIANUAIUMUYDS HaA i, () fo
a s o o Y t

nisuaveIauanmes ¥ (¢) ﬁauiaﬂumw!m V.(t) ApusIRUUNE LAY d(t) fo

o [l a dy =3
BAIAIUAIA 1NAUNIT (2.39) ag (2.40) !%Elu&ﬂuaNﬂ'ﬁﬁ@

_1,(s) _ Vi(RCs+1) (2.42)
G,(8)= =
d(s) Ls(RCs+1)+R
AT R ey
I,(s) RCs+1
2.2.2 (LU 1QBUTINAMANS 19T NOU-NV AU ITU

AVTNOU-NVITTAUUIIAY (Buck-Boost - Converter) ﬁtfluuuuiﬁnﬂnizuaqaqw
(Peak Current Mode) %:ﬁﬁuvgﬂﬁﬂauﬁﬂﬂiuszuu fiD ATEUAD19D (Current Reference)
3oy IR (Control Reference) aziito1dva Ao i1 1fute16Ma (Ouiput Voltage)
u’j‘aﬁaﬁ%’udwiaumanwmauszﬁmmﬁmmuTnmnszuam'ﬁ‘ammsmaé’nﬁa V.(s)

¥
Tdaws suendna v, (s) smnsananaldaed [26]

Ls V, Vg + V,

RV, ¥,

Vo) _ Ve (2.44)
V.(s V., + 2V Ve +V
() 8 R A T
Ve + 20,
A
4o

A9 UIRUBUYA
=} Qs '3
v, 8 UIIAUBIANA
A € g/ 3
R A9 A1MNUMUNIUYSY lvan
L fe swmnunileniwesiamiienii

A ' o o .
C A9 MANUYVBIRANVITEY
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. o a d [ (v a
2.2.3 4UUADUTINAMNTAI IV INUITLAVUIIAUUVVNIDATIAN

uvpdrasaligiamuzvesnainvewssiunaznssua(3s] fo
Lyi,, = (d(t)~1)vg, +e(t)
Lyij, =ve, +d(t)-1yv,,

Cve, =(1-d@)i, —i,

C,y vy =(L-d (1)), v;;

A Q v
womuua v
d(t)=D+d(t)
e(t)=E+e(t)
Wowiluwasndae
- - /
S 0 0 *_(1 -D) 0 = W= o= RS | (2.45)
7 (-D)L, I,
iLl 0 O L —(l = D) iLl E . O
- L £ ’ (1- D)L, i
Ly | = [ 2 iy |t % -
2l la=-p - | 8 -E é
Ve C C Ver (1-D)'RC,
e} 0 _(ﬂ 0 il Vea | _L 0
-] ¢ 2lhd | (1I-Dy'RC, |

o L, L,fe sanumilenifiuaaslunes ¢, ¢, fadadulsziiugatiuacs R fe i
EY N = o = o A Y (] =
ANUAIUNIUYed IHaa i () Aenszuavesdunfionit  EdAsussduundeiie D de

@ 1 a q’l P s & a 9 Y 8/ v o o & o
NI IUAIA Lag v ﬂﬂlli\iﬂumﬂﬁ’uﬂhﬂﬁgnﬁﬂ]UZﬂNﬁu %:"lﬂmmﬁuwummﬁanw

3
[ 4

¥
018 1o UYD AT IAUAUBBNAUSAT 1d LA IRR 3T

_i() _ . _aS+as tas+q (2.46)
Yde) s +bs +bst +bs b,
_Ws)  ms’ +m,st +ms +m, (2.47)

vy
i(s) a5’ +as’tas+a,
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K, 153 ’ 3=R(l—D)2+R(l—D),
(1-D)’R L L
2
az:(l—D) +2(1—D)+_1__ 1
LG, LG, LG LG(-D)
=2(2—D)(1—D)2R+R(1—D)“+ o 1
I L]CILZ LZCZLI chczR chlczR(l—D)’
ao=4(l—D) +3(1—D)', b3=L
LLCC, RG,
2 2 2
b, = L =Dy a-Dy PR S ol )
LG LG LG LGCGR LCCR
1-D)* E E
by =y M= i M= »
LGCL RC,(1-Dy L,C,(1-D)

< —ECL +L,(1- D)*) . = 2E(-D)
' ORLGLC(-D)' T T LGLG,

2.3 Mmvquuarszuumvgueslasfumadliihaszuaasaiunszuansa

2.3.1 szvuaruguesulasdumdslihnszuaasailuaszuansauulvua

(AU (Voltage - Mode)

myiinurenIaguasidasdudias iihnssuaasuilunszuaasa (Dc o

DC) uu Tnuais 46U (Voltage — Mode) 1@sunamdionmselizuuiissiedemsidang

LY (]

~ " dy 4 dy o ¢=' 9
[37-38] ArvevaavsugveInsnIunu lulnuatiuaadegili 2.8 mngiasiinuee

@ o

susndyanuvensudivesnsiniesmau)gaflounduuudToufoududu

Py

o Y a

[] I ¢ ¥ v
Fygnud s, wdaihgduwiiduissimunudduiidervdiuieainguii T gy
= ;’,' as 2 @ as ' dy o
PL, PID, Lead-Lag ludu nntines Iddyanamiunuu)Fidyanadnanizgaily
=y = a o = ' Y a as & LY o w
nlssuieuiudyaaamumasuna dinadyaia PwM e luduneaialulesdids

Ao

>
DC/DC converter
Gate ~PyM | YU,
Driver Comp controller Error
ue Wj
Uref

117 2.8 pvslasduids dihnssusasuilunssuaasanuy Tnuaus sfu



2.3.2 naswlasdumnddlvihnszuensauilunszuansuwulnuanszua (Current -
Mode)

nmsiuvesulasduidd lWvhnszuaasuffunszuansa C 0 Do)
wuu Tnuanszud (Current ~ Mode) ziivoana1 Tnuausdu[39] fie ausodisanszua
madnduna aunsadesfuanufianmnlumsaiaduaziivanudilunisnevaues
vosszun'ld Taofinsaruguuuy Tnuanszumezfineseuveniasiiaiy 2 5oy fie
7958UNBA (Outer Voltage-Loop) HIAILANIIINUNISAIMBIRNAAZI958Y Y (fnner
Current- Loop) finaugunszuadirdaniioarh c'iéq'Jﬁau“lu%zﬁﬂﬁizuuﬁammu:qa
Wiosnnfiaeseumugunazuaniolu (fner Current-Loop) tazainsaifiansuaiiny
Funiionitld rsevluszdmihfinrvguasyualfeidunssuadiade (Curent

4 []
Reference) lagdgyananisuadiadailazuiaine qneveidiniuguieseuueniiniugy

uiaﬁumaﬁ’m;mﬁwmag msmuqmm‘uiwuﬂﬂizuﬁmmsﬁaaam{’lumimuqmmu

NITUAYIFA (Peak Current-Mode) uazmiﬂ'mqnnsmﬁm?ia (Average Current-Mode)
2.3.3 3TYUAIVANYB I3 INOUILALNIIAUIWH (Buck Converter) uuulvua

ﬂ‘izlm’méﬂ (Average Current Mode)
msaammnﬂzaammmﬂmmuamaas'emﬂmquiﬂﬂuﬂaaamflmasanmuqu

ATTUAUAZITOUUTIAUMNAIAYAIFIN 2.9

current loop

—»-0— Gpii —0—> Gri2 |—| GiL

L AadssualuguasTud

'N'ii)‘Uﬂ'JUﬂiJﬂiZLLﬁﬁ'ﬂJ’liﬂi’JE)ﬂLL‘U‘UIﬂEI?jﬂﬁﬁ’ﬂﬁuﬂﬁwa’i’ﬂ‘ﬂﬂiﬂi&m (2.39) fio

Lic@)+V,(0) =d)V,(0) (2.48)
uNUA Y, (s) = RIS ynaums (2.40) B 2 18 mumsusido
RCs +1
G[L(S) s [L (S) _ VI(RCS + 1) (2.49)

d(s) Ls(RCs+1)+R
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ladnuguuuuiile(G,,, ) dguiiz.10 e laumsiseuiaie

G, = [_L = G (8)Gppy (5) (2.50)
inner close loop I 1+ G[L (S)GPI ) (S.)

r

-« - Y o
Wo /[ ADNTTUTD1904

Ir d I[_
—»0—» Gr2 —— 3] GiL .

3 2.0 szvwreullanaununszia
2. WTBUAIVANLTIAY
s { S 1 1 w s
naaunnadai (240) awisaniflidumoleusznhaussfuemuasaszuauead

- o 9/
mileni1lg

_ N@peany ' @.51)
I,(s) RCs+I

G,(s)

min dmsladnquuuuii le( G, ) fagUi 2.11 wwldauniseseuilade

V(s) _ Gpi(5)G,(5) (2:52)
V.(sy 1+G,,(s)G (s)

& =3 o Y a
Wa v, AvuIiaue1aey

7 Vo
—0—»{ Gpri1 » Gv >

37 2.11 2eseuTlavetasseunluguTIRY -
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oy o LY

- lnoddsiiednavesdiaiuauesouussduz 1difunssuadamilonigress

. 9
(Z,) Sofdadmiuassounssua (current loop) SuuAMNFUWLEsENT19e0929501

uaaddaguit 2.9 wazrnnsatunaduiivisesfuaaslugi 2.0

-l gk |

‘—L':;' = C § R
L
\ ) —
e A M
- Input
% Current Output
v

A

Command

31 2.2 phavsmeussduns sfunazdnaugy

2.3.4 3TVUAIVNIMWINOU-NUITAUUIIAY (Buck-Boost Converter) utruiTviae
NITUAYIAA (Peak Current Mode)

WITNOU-NUILAVUIIAY (Buck-Boost Converter) ﬁtfluuuuiwmﬂizuaqqtm
(Peak Current Mode) fiflanduntolouvesisasnouszaunsedunyuTnuanszua vua

¥
ATZUAGIGAINNTZUABIIBY V. (s) "lﬂé?umﬁumﬁﬁm V. (s) annsouaasldasil

Ls V, Vg +V,

V. RV, ¥ -
Vols) _ p_ s g o (2.53)
V(s v, + 2V Ve +V,
(5) ¢ 1+ RCs—S5—2
Ve + 2V,
A
(i1
v, fiD UIWUBUNA
- o (3
v, fi® usIRueIANA
V. fie nrzuadieds

P [ 9/
fs Manua uniuveeInan
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L A9 ;anumtenivesdumiteni

& 1 =]
¢ fis marwguasdnnuilszy

msmuqumiﬁnmmmawwau—wui:ﬁmmﬁu (Buck-Boost Converter) LU
a <1 a 1
Tnwanszuagegaszldorsioa-alnaes) (RS Flip-Flop) narugumsidle-dlaaiadluua
o c; a L4 ar a o & [
azAl uazivuan1 L lunsadad lasdyanauwn msile-davesadIad luuaazaiy
P} o o dy
IMIN1UALL
d 7
L ddadezSurhnssumioddur e 185ud Ty audaa (Set) NNTYYIN

YNNI

a o

2. #lagezngaiinssumiionszua Ivarudauniloninnnninzuad1eds

a o o o o =y a a
Waael 185udyanaSiin (Reset) 1ndanlSosuisunszuaduyauaznszuas 1999)

511 2.13 orilea-wF e (RS Flip-Flop)

13199 2.1 M3Thauveseisea-watvdey (RS Flip-Flop)

S R Q Q

0 0 no change
0 1 0 l
1 0 1 0

1 1 undefined




|
min

Clock

Reference
Voltage

\

Controller 4—@3——

TCommand

310 2.14 29930 u-NUs ZAD UL THUANIZUE IR

2.3.5 uUUdaeIwe I nusraursaau Iihwuunleasifn (Quadratic Boost
Converter) HuAnsTIa A (Average Current Mode)

ﬂ1iﬂﬂﬂLLUU%ZE]ﬂﬂLLUULﬂULLUUﬁGQ'Niﬂﬁﬂ'l‘ﬂﬂiliﬂmlﬁﬂﬂ'ﬁ)ﬂLﬂu'NiE]Uﬂ'J‘UﬂiJ

NITUALA1IBUUTIAUAINAIAYAS1N 2.15

—»0» Gpit F—0—» Gain —»| GiL

51 2.15 anuduiussenisassnseuAILgY

1. WTBUAIUUNITTUA

1NAUNS (2.49) AD

3 zi(s) L (13s3 +azs2 +a;s+a, (2.54)
o d(s) 's*+bs +bs’ +bs+b,
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TatdanunuuuyA(Gain) A3l 2.16 92 1daumsnseuilafe

£L_= G,L(S)Gain (2_55)
1+ G, (s)Gain

inner closeloop I
,

4 A Y a
Wa [, ADNITUTDINDY

I ; I

Gain — | G >

3111 2.16 szuunseuls

2. 1TOUATVRUUIIAY
(Y o a t 1 o v
nnaunnadn (247) awnselenduaislouss i ws VUL IMIAZATIUAVDIA)
~ ° +4
mileninld

v(s) m3s3 +m2s2 +ms+m, (2.56)

% AT
TUUA(s)  as’ +a,st tasta,

nn himsladdnuguuusii le( G, ) fegii 2.17 3¢ ldaumssseviiadie

Va(s)= Gp, (8)G(5) (2.37)
Vo(s) 1+Gu(5)G.(s)

& Py o . Y a
Wa v, ABLIINUBINDY

Ve Vo

Gri1 —»{ Gv >

31 2.17 2ssevilave Lrvs BURILAUUST IAY
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(1,) nieMidadniulssounszua (current loop) AOUANUFURLEIENI 1900979501

warasAsgli 2.15 wazamsninnaadunssduaaslugyd 2.18
D,
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TYyYvYr _Vl
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Voo ==C, g R
CInp th i Output
- Voltage
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Command

31 2.18 pheesmuszauns sy fhuuunieas@n (Quadratic Buck Converter)
uuU Traus sgu
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2.4 STUUAIVRUUUUAINUUULIATUFIUIITO IO FDUTHA

2.4.1 szuvaIuautloundls (Feedback Control System)
szuuauguiloundu Taoia llesfidnuasszuuaauduaainudalaszunsy
Tugdii 2,19 Faludavesssuvazdszneudie 3 dau fie ganIuqy (Controller) GI(s),

IZUVNU (Plant) G2(s), ﬁjﬂﬁi?%%ﬂ (Sensor) Hfs)

Controller Plant
( s) .
Res) Es) Gis) | G2s) Cés)
Sensor
H(s)

A

31 2.19 Teezunsuszuumuquuuiilounduy
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N3 2.19 ﬁ]umssiaszuuIﬂﬂﬁvmmmum@immumgﬂsuﬁmzuu(plam) 1ng

as 9 a =1}

= o o a o @ a
udy I RE) Wudgyanudiegs idyyu o) dhuedyavesszuy dyanuddzgn

L7 1

= = ¥ ~ 3/ ! s A ¢ o o
whewieuiudyanaildnngaasteaeunazddlfnaivquiiededymaslins

¢ o

v oQ

Qs I'd o Qs as
ANAVTTUVNULETEARTIITUIZ S U Ay g iae 1anann s UU UL NS Usas1ns
4’! ° o EY o ar = o ar 3 =1 o £y t
ﬂummwau1"11JﬂnmQﬂuaiytymauwmmmﬂmqu"lmwuamums‘vmm"lﬂama
T lﬂ' d. t
pottloazanan 11
a 4 nﬂ' ) < k4 . J o a
msunEHaum o fendu Toudeg (Transfer Function) TEHIUBIANALAZ BUNAUDA
FY
szuvaursan ldaedl
@ 4 o [~ ' @ o o t
1nde laozunsy tietihuden Gi(s) wAeBYnINAULan G2(s) azitumsiiauny

¥ k4
voedeIgMAuAiur s a@suauas iy

G(s)=G1(s).G2(s) (2.54)
foridayanauednn C) rifumueeszIL audaesunn fufuas g
C(s)=G(s).E(s) (2.55)
e E(s)=R(s)-H(s).C(s) 124

C(5)=G(s).[R(s)-H(5).C(5)]
C(s)=G(s).R(s)-G(s).H(s).C(s)
C(s)+G(s).-H(s).C(s)=G(s).R(s)
O6)[1+G () Hs) | =GE)R ()

Cis)_  G(s) (2.56)
RGs) [1+G(s).H(s)]

qus (2.56) Gond1 aumafadduToudhe (Transfer Function) ¥03520y Saiiunisdeniiy
dygrunnduravesszu lugedyavesszuy feimsdmualdyansiedy He) e
it 1 (Unity Feedback) 91nfiaTaszunsulugalii 2.19 aunsad@oulni 188U 2.20

uazamsasuaumsilansu Toudeldlmi dsaums .57

C(s)= G(s) _ G1(s).G2(s) (2357)
RG) 1+G(s)  [1+G1(5).G2(s)]




Cbntr0|ler Plant

_.Oﬂ, Gi(s) | G2(s) )

\

4' ) L A'
31 2.20 msdeszuumIuguilounduiie Hes) = 1

2.4.2 MIMHANDVAUBIVDITZUY

a

Tuszuumiuguia ) annsonwansuaussvesszunId Tnetloudyaaduna

o q

. Y
o) Wiudyeauuuduiiule 1 wise (Unit Step Function) LagWI1TaIHAVDITIR I8

L]
4

a Y & o o . v
1B1A%A o(t) 11 14 Fadnumzia lilve wwaneua1eU0952UY (Unit Step Response) HaAAIR

71

=)

2.21

<— 102
“ 098

] 3 1
31 2.21 mameuTUBwBISETYLUUTIITU lanilaniie

MsHnsandeguauiAvewansuause awisanna ldnngiuiainieg Famasa
' ' A a o A o a = o A
19010199 Hilsuti Idesnuuunieth lnsendnanmeesssuy Tl

d? . . p=} [} = ° v a g a o
. a1v1uu (Rise Time (tr)) i3 "IJ"N!'J?I'I‘Vl53‘1]1]711\3'11!11!‘15’3\1!52&114 Tﬂﬂﬂﬂ‘ﬂ

'Y

b4 14
FINDWWATTUDIA B UAUOININY 10 5390 % Ve gatis fnawuiiafeses

taasnszuuninu 1851 luswusn

2. A Udgan112A9A (Setting Time (1) Ao T feuidyyanzGuig

«

annzasidndsziannszdu £2 % 89 £5 % vewnnzai 11z 221 deman1az

- ¥ . ) ]
asdatismAudyaudieds e 1 dufuiisdinisatsanausafifiddanansinea
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= LY 14

gavheaglu +2 % sz ldRusaduordumegiiss iy 0.98 - 1.02 QAU an1IZAS]
Aoy uansdiszunszdhgansiinuadiigaiy

3. mmﬁﬂwmﬂnuﬁma:mﬁa(swady State Error (e.)) usmnnufanainain
Naﬁhai:ﬁ'5Nusqﬁ'uﬁ1f°f"<1ua:u'idﬁutmﬁvgmﬁﬁﬂnzﬂWT'J Serunsose'1dlag

&, = 1(c0)-c(0) (2.58)

A P13 a9 a LY 4
4 r(oo) A9 UIIAUDIDINIRIDU UG
& @ o = LY 4
c(o0) AB UIIAUBIANATIIN BT UA

4. anlenosgagaaa (Mp) Lﬂufiwmwamuauaaﬁuniﬁu'dqﬁqﬂ 1A Mp A

U

o s/ o ' = A
un ﬂgﬂ11”531}‘”1’”\3]uuﬂj\iﬁiaﬂigﬁlqﬂﬂu

2.4.3 quauiifve sz uunIugY
'] . v
szuuavguiten1dia 1 o1 Idiy 4 wuudsd
YV
LIZUUAIUAUUL P (P Controller) AoABAT Wzl guaniRand i w LTl
o < dgl 1 =1 A ] o o 3 1 ]

UvIOwIueAiina llmum Tenefyageaam i szuuundalugig

2.55UUAIUAUUUU PD (PD Controller) ADA18HI1We0LLY (P) uaziudInIuay

@ -4 t
HUUBYWUST (D) aANITUAIVBITEUY

3.52UUAWANUUY PL (PL Controller) ADA18ATWEIGLLL (P) HAZIALAIN LAY
HULBUNANTA (1) W ldvzwuh lifmanuRanaauuanizasaluszuy

= o e g
4.3¥UUAIVRUIUY PID (PID Controller) wlumsihauauiAvesszunaiuguia 3
E13
WUV AB P, PD uag PLINTINAY TAoa1safiuannua 3 WUy Ao P, Tuaz D 1dodq
N v
a o ¥ o Iy} [ ar
ez Mlnannsossnuuuszuvatuguldiiu luawiideens e Taothaisd Suduawss
° a Ay 4 o 'Y v o

3 uU uazimnIIeHane Uauei 1a telsuaunusn Iduanouaus s udaanisud

. ¥
Tuhnn 18 lRad S sesnuuutiuiees 1 ause Ty

Y

.
=t < a =
ansaduuilendulend o (Transfer Function) veaszuuatuguuuy pID 18]

PID(s)=K,, + 1 +K s (2.59)
S

e K, daTIvesvesdInIunIULL P

K, ﬂ'1§mswmﬂ1adau§uﬁmmﬁmty1m€uaq¢hﬂmﬂmmu I
K,  awanwewduadidesufienvesfimuguuun b
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2.4.4 MIVATHGIUIIT0Y (Loop shaping) HAZIZTUUAIVANULUAINY (Robust

control system)

MIVATNGIUII30Y (Loop shaping)
a ::y e et v u; @ v g o
lumatdatiszvuifiaussousiifazdosgaiadaugiursseuszuudeileddu
v

ninsaIreneY (Pre-compensation) A9 7, MBANNABINIIIFIAUTTAULLAZAANAIING 2

v .
1 . S o o o @ . @
DAY (disturbance) asHINFUIII N AFAITINAS (post-compensation) #19 w, ona

o/ Y.

[ ' a Iy A~ Y A dy Yy ¥
AYYIUABNIUVDIAMANT IV T UM (sensor) UDUNITIA mgmummmmmﬂﬂmm

LT

[ Y A

IBVUNAINSIATUTIU (G) Aedidasvenelurisniuddigs Fanmedaussauzuaz

]
b4

et 2 o1 oW = PR s a & Y a8 @
ANUANNUNAVU uﬂ1amwawqmmmamuazuﬂummwmmmzummwmmniwl

HARBUAUBUTIANNANUS M ANUARANIRY -20 dB/decade

Rl K sl G M s®— Vs

Yn

31 2.22 lszuumauquuuuileundy

10z 2.22 uaasszuuaiuguuuuileundy Felszneulidae

A o a
G a8 32U (Plant) NWIITUN

o

8 AR IUAU (Controller)

.
a A o o

YA0819389M AT (Command)

<

3

K

ﬂle

Sp

o
s
9 101ANWAYDITSUY (output)
9 A2ABAIU (Disturbance)
A = o ¢ A v v
y A9 191AWAYBITLULTTINAINBNIY (Disturbance) 191 11Id¢
n A9 dyananeniu (noise) 1NAINTINTUTRY (seasor)
1 4 [] a H ar I'4
e A9 AIANUAAAADY (Error) seninddi e IdssuuasuaussiueIdnA
& o T LY Y] a T g
¥BITTUL (» ) Faildyananeniu (noise) 11nFIATIDTU Tyl (sensor) 0GR
¥, 719 191ANAVB5TUVRTINAINBNIU (Disturbance) Uay ey 1178 N U (noise) 310
@ @ o J 9/ ( v
AN IU T8 (sensor) 191 11IA2e

9 BUWAVDITLLY (input)



fvsanszuuauguuuuiloundulugyi 222 0¢'1d

(2.60)
¥ = eKG (261)
HIOUNUAANUARIUARDY (o) INTUATS (2.60) asluaums 2.61) a1
Yi = KG(r-y-n) (2.62)
A a r's 3/
WeNNTUUDIANA ( ) YosszuUayld
y =y +d (2.63)
y = KG(r—y—-n)+d
¥ = KGr-KGy—-KGn+d
v+KGy = KGr—KGn+d
v+ KG) = KGr—KGn+d
)= KGr _ KGn  _d (2.64)
1+KG 1+KG  1+KG

§ a Qs [} t o 2 {

Lﬁ@Wiﬂimﬁ]ﬁﬂﬁ]‘HiZﬂ'JNLE]WW!@I"U'OGS%U‘U (y) ua:mﬁ@faamﬂﬁ'szuumuaum (r)
b4

214

r1+KG r(1+KG) H1+KG)

myfmuailanFurimiindenat wnnwldszuuAlinstadagiuudaia

L1 oanmisvisgaiianudé ieaaraidanindaneniuuazany oy
LGEEFATYY

1.2 8anmsveneimmanuage meaanavesdyaiaioniy

1.3 Awuudangs weanuhlumsaeuguea
¥
1
sruunaImsiadag maseudgUf 2.23

A o v o Y o ar v A -4 ‘ 14 ¥
luﬂﬂ1ﬂ15ﬂﬂaﬂ!j1u'Ni@'l_lﬂ?ﬂﬁ\“ﬂ FH ‘ﬁuﬂ‘l’]l'_ﬂll’]xﬁllua'lﬂ')iﬂgvlﬂllNUﬂ1W luavag
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* — —  noudAduFINITOY

Haldadug Lo

0dB

—  Frequency (rad/sec)

3N

223 ﬁaadnuwumwiummizuudauua:wﬁﬁﬂﬁmmmaiav

Magnitude (dB)

A

0dB Frequency (rad/sec)

ot

1 2.24 31 Tuavessy uuﬁmn15aaﬂwamaaﬁadamuua:mm"lsjmiuaumaas:uu

wazmmsnaanavesdy IunenIu 1@

SUUMIUANUVVAINY(Robust control system)

33

a 4 o ° a 4 - 1
NTAUATIEHIZUUN "lﬁli]'lﬂll‘u‘ui]'IﬁENVI'N'\ﬂlﬂﬂ]ﬁﬂ‘i(Mathematlval) TTUANATN

S FATNRER (Real Process) Lumﬂ1n5~umim~umm'luuuuau (Uncertainty Models) smau

ﬂ')U [40] mmm"luuuuaumaaszuuanmmumnmnamumnmauan mamm'lu

wduaulumisiiiwesvesszuuies
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° = o ady
uuuvRBIMNAlRmansveszuy lugauadde (G, )
Mathematical Model <+—» G,
32UU59 (Gy)
Real Process 4¢——» G, =G, + AG
d' =3 . [
o A fin A Tuiuey
nMssenuUNsTIIAIUqUiaITeR 1 18d sxdeseenuuy dssuuaunsafiades niu
) Y 9/ ¢ a  w ot . [ 1
HOSUTUITAULAINABINTUNTIILIAAAINGNIU (Disturbance) a1 lusiuouvBITZUL
(Plant) Fgygianondn 4a4 edrelsin msnwuuiaedludsiingnnidy fnaess
Q Y P 1 P = 1 [} o
woz TuwsszuuiIdenn iesan limusofasmamnsenwenwani iy v n'le
14
a a L=t Q o [ 1
Tuineriinus it szfnunazesnuuy Taserdeuuuiiassnny lutiueuuyy Coprime
4'( T t d‘ = 4? [ a T Y d'
factor (4BIVINTWITAATOUAGUATI hittiveuTAaTusy Thauasd sveeszuy'ld 317
225 uamaﬂymwamam"I,mmuaumﬂﬂmulmmmmaamm"luuuuammu Coprime
factor FzAUNAIRANALS m waL n BB Coprime factor UazAs m uaz 2iilu

; s o Y
Coprime factor ulﬂﬂﬁ’e]tllﬁ)ﬁ]ﬂﬁﬂﬁ"lﬂ’mﬂ’i x U y nmld [32]

xm+ yn=[ (2.68)
Taeil Coprime factor 921019001 Right coprime A Left coprime AANATT (2.69) Ay

AUy (2.70) U819y

-
[Xr Yr]{ & X,M + Yr]\/r = (2.69)
N |
~ nh X ) _
[ ]{ L= B, YWY =1 2.70)
[ ]
S
521 > AN ¥ O AM < Z7 é
r y
—»0— K » N —:O+—> M A

Qaht
=
311.

551 Uncertainty Coprime factor

Y
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[} « ¥ ]
gl 225 asitul&dssuy @lang Tudiiifie 6, < ~'v Taofi ¢ &0 Nominal Plant

1
v A

TaoitunuudaesuuunsznvesnidumydnTaod 1 do fams waz v &o Afgams
Ay uag 4, Ao uuudinesniu liniveuludwdiiganisuazdimsmusigy e
a o . ¥ d o t

NIUWUUTIADIIEUY G, 1Hunuy Coprime factor uazszlsznoylUdreilsdfude

o « 4 ¥ = o g Yo o
Tauwumm"luuuuauﬂa Ay HAT Ay, ua’mm1mwﬂuuummmizuu‘1ﬁublﬂmu
G, ={(M+A,)" (N+4,) : "[AN AM”Im <&} (2.71)

& A ' A =
e € Ao A uHoEReTA W
NANAT (2.71) yfluannmmm‘haawaﬁz‘uuﬁﬂsznau“Iﬂsé’fmﬂﬂn"himiuaume\ﬁ:uu

(Uncertainty Model) 1agfl M,N,A, A, = RH, uas K fe sasansvoienielufivily

Uy G, Tidesnn

(M)

I”\(« X)-—

(n

3iiii 2.26 vaenlassunsuve sz
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1031l 2.26 (n) uaasudenlaezuniuveaszuudadsznoulldres sy (G)
ANV (K ) dyanad1eda (r) dygranenunndensiudyyia (1) uaziordya
¥833UY () Nngliznudeelidayauainniouende r » uaz ¢ BiniTudTmIa
vienlaezunsuvesszuying Tavdmualidyanusunannniouenfio w uaz w, oz
DUNAYDITTUUUASAINTUANAD ¢ UAT e, 210317 2.26 (1) nARLTanlaozunsHvEs

t 4

= o 4 A& v o Yo
5$UUmgﬂ%ﬂﬁ]u“]‘1ﬁu "lfqa’]“'ﬁﬂﬁ]ﬂj]naNWU'ﬁmaQSgUUulﬂﬂ\'iu

e = w +[:’e2 (2.72)

e, = w, +G,e (2.73)
Weunuauns (2.72) asluaums 2.73) aldanuduriusesd

e =w +K(wy +G,e) (2.74)
e =w +Kw, + KG ¢

(- I:fGo )e = w + [;’w2 (2.75)

seUVUIEliafesmumelu (Intemal Stability) HAOLIBEINATONIA (7-RG,)" 14 vSe

Wasamuadesamaelusinaums (2.72) uag (2.73) 1218

_elG +e7 =, 14}7 (2.77)

ar

& o w o a o ¥ @ o & dy
WAMIANUAUNUTYRIAUMS (2.76) uaz (2.77) TugthuasndagIdaiuduusdail

e — e,K=w I IV A [el B (2.78)
-G, + e;=w, -G, [ | |& W,

1 =31 4 ¢ a a o a o
1NAUNIT (2.78) WU'J']S&’?J‘U%%?JLZT?\ﬂiﬂ]Wﬂ1ﬂluﬂﬂaLﬁ@ﬁ1N’liE]ﬁ'lﬂ'li]unﬂ'iﬁ‘llﬂﬂmﬁiﬂﬁ

M U - > ool e «
['v V] Won g, =nt =i waz K=Ur"=7"0  fidmusanuadosnn

1

g 1 P 1 a a o M U ‘_[7 _(7 - -~ ~ ~
meluszuvnreiondutdes aveg v vl ~ ., wv-RUy, (M -0N)
L -N M

v g/
annsomeanld
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o Y o . 4 a t
~fmualddniugy x = ur Wuni right coprime eR sAMUVITRITRUIITIY

s A S A
i]%lllﬁﬂﬂiﬂ'ﬁ"lﬂ]ﬂiuﬂﬂﬂmﬂ

[Fu+sv]" e wa, (2.79)
((F+du+@r+a, 7] < wa, (2.80)
(ANU+AMV) ¢ N (2.81)
(NU +MV) e
N 172 /P (2.80)
1+[AN AM]  |(NU +37) e RH,

nn [40] 9z ldn (7-mayt e ma, wdnl& Al < 1, M. <1 FamsAnisen [40]

s oA I ' & = P
ﬂglﬁuﬂ"li'ﬂ'l!.?mﬂiﬂ'lW‘U'é)\?i%ﬂUUﬂ'lﬂiﬁN'ﬂu1%ﬂ31ﬂ1ulluuﬂu%ﬂﬂi$ﬂﬂ L‘JJ'?JLI]iEJ‘UL‘V]EJ'U
qun15 (2.80) [40] 3 1@

”{U}(ﬁujhmf)* ”[UV 'JV L0 (2.81)
v (NU + 117)|
_I %1, 1 Il
T [(A7["J\7)(UV")+1]A7[V|L
=[ } 1 l (2.82)
[Ny UV ™) +117 |,
NG = MV waz k = or! w1
”{U}(N’UH\;IV)" - [K}([+GO‘K"A7[“' (283)
V [s] [ [s0]
(2.84)

[ﬂ([ +PRY Y = M a6,

[}

WeNnsanszuuauquuuutlounduiiidineniu sruusianwamudiszuuaIgu

as = =t
lL‘U‘U“ﬂ@‘Nﬂﬁ'ﬂ G YayININLaL

[38)
o
(%]
A

1T ll, = " [II;I(I-.LGOK)-IM-l

kel
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Taudian | T |, f10 frunsueiud (infinity norm) vesiledFudroTounnganeniulalés
aan Tﬂﬂﬁmﬂ'w\"andnﬁyﬁmqqim‘i11ﬁi$uuﬁdautﬁam§aiﬂ1wﬁ1 dnfunisesnuuui
ﬂmqmmnmmu'lmzummuﬁy%’awmamaammu‘lﬁ’ﬁamuan & nifaums @285
meglumiifmua NANGEMIBONULUTZUUMILANUUIMAE AT YA (Optimal Control)
ﬁaﬂmﬂuﬁmmmaammu"lé'damﬁmﬁﬁaiquaqﬂ (fma ) 92 18 WA UA WM 1R 010075

¥
uATUMITIAIA (Riccati Equation) #0141

Fain = —— = ( 1+ Ay (X2) )7 (2.86)
gmax
619 4,,,(XZ) fi0 61 Eigen values ffifishgaitanveuuning x AufuAsAY 2
z fis M lanIamsudaunissama vnauns (2.87)
(A-BS'D'C)Z + Z(A-BS"'D'C)" — ZC'R*CZ + BS"B™ =0 (2.87)
TaoN R =71+DD" .S = [+D"D
X fie it ldanmsudaunssad minauns (2.88)
(A-BS'D'CY X + X(A-BS'D'C)- XBS'B’X + C'R'C =0 (2.88)

=1 a o a a
4,8,C,D fv masnduesszuuluglvesdSgliaian (State Space)

A A v & ot Yt 1 o t A 1 = v
UABOAATIUIHNDILTAAYTAN 1ﬁ11ﬂ1@\1ﬂ'1']ﬂ'lLNE)Lﬁﬂﬂiﬂ'IWQ'QQﬂLaﬂu@ﬂllﬁ'ﬁ (8<8max) L}

o 3 Y ' dv ¥
ﬁ1ﬂ]5ﬂﬁﬂiﬂ5'\$ﬁﬂ1ﬁ'3ﬂ'}'ﬂﬂu K mﬂﬁumiﬂa\lﬂu"lﬂ

i | A BE+y (L)' ZC(C+DF) ' (L')'ZC (2.89)
= X I _D

e  F = -s™NDTC+BTX)

L=0-y)I+Xz

mymaInug lasmsesnuuudind ndniusunIageazdsamuiuea [40]
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- [ YY) a QQA: ~
2.4.5 MAILANUUIAT UG 1T U Y DUTIHA
drnugulunuuiadugiursoumilseaussausvessuy 8 1My MInsUaLeIveS
da & o c’;’ a a g 4 @
32Uy nuudIan 1udy McFalane uazaasz (411 1dvenuuuduneuimduiuie1ds)
=t kY @ o a4 a @ o Y
_ Muguianunmunseuiuii@esnwlass e unadamsiadugiuaeseusa lulums
o Y w dy
sonuuLuUUAmMuRansaagd Iadsil (41
) 14
AIRIAVUULIATUFIUIT0URYDIUNUAR McFalanettazanizi wauaidudad]
b 9
o o Y o o o s o o 1
L. dawmsumsesauuudnvguluIzuy ¢ wwssnuuuiadsusimiinmiminneu
(pre-compensation) A8 7, NBVNIAMUABINITIFIAUTIOUTHAZARAIABAILLALB DALY
J o :’ % °y @ as . 4 es 1 @
Heddrniminiminnds (ost-compensation) fie #, 1ioannavesFyyIMADNINVEIA
A3393Ud RN (sensor) Famndinualidyauneniunindiasiesuiteaiioninms
v Qs 4 o ' 1 4 a ot ° 1 d o
lddmsrnivfidudrannsodmualdd w,  Judineii orivu oredmuamiteday

:‘ s T dy
umuﬂmmmﬁu

, W, = (2.90)

Y

o A { 1 t ~ 1=/ ] a‘
Taodwmuald &, o , Suaz b Alinwan uazar 6 wdlumuanfidaniosna 11dua

3
a o = -

a o Yr a o o o Y A= a
VBIDUNANIA "INVHiWﬂ’lNﬂWﬁ1ﬂ1uﬁﬂ1]3ﬂ\3§ljl‘f]uﬂu5 iWuau IZUVUNUAITIATUI U

'3 9

A qypyy A Yo o & o ‘f]
l‘W'E)Glﬂhlﬂ‘Uaﬂ'lﬁ‘Hﬂﬂ"lllﬂaﬂﬂ'hﬂWﬂﬂ‘lﬁtl"Uﬂﬂﬂ%uU’lWUﬂﬁlzl U

G, =W.GW, .91)

. v 14
deduiunsiadugiuimuizauud, Tuasude lyAenewmmdInruquuuuamy

o <1 Y teta t o o cy Y = N aa
TIMIVIEUUNUNTIA mgmumizuu‘lﬁmﬂumsﬂmmﬁaﬂwumun%:ﬁﬂﬂm IZUUNY

a

L%

MIIATYUTIY (Shaped Plant) dag1fi 2.27

S

G

&— &

v
\
N
Y
Q
L4
N
Y

d' v L = Qd”
7N 227 nmsdadugiuasseuesduilila
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‘ 4 o o b4 . o 1 d’,d '
MIAUBINBUUA umm‘ﬂqﬂmﬂu"lﬂ"lﬂ“lumsaammumﬂmﬂu K, laganilSon y,,

¥ = = (A (x2)) (2.92)
&

max

]
=

dmdvfwuzihluiBl wuilud 6, < 025 ufo 5. > 4 ugash w, uag w, #
Y ] 9/ o < o oy as [ nﬂ' Y o o :‘ Y}
sonuuy 13 liminzandevinssennuuiladFusamodminlmibie i suimin

= Y q VA ' o o ant o Y o
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Fixed-Structure Mixed Sensitivity/Model
Reference Control Using Evolutionary
Algorithms

Pitsanu Srithongehal: Piyapong Olranthichachat; and Somyot Kaitwanidvilai

Abstract. This peper proposes & mixed sensitivity/model reference contral using
avolutionary afgorithms. The proposed techfuquz. can solve the problem of com-
plicated and mgh order controller of conventipaal H. optimat coairol. 1 addiitoa,
time domain spemt‘ ications such as. mefsh,' L.Ondesshoat, rise time can beifncor-
porated. in dasign by formulating the appropriste fitasss function of ciompact
sengtic .sgnthm; By the pmpﬂ_ed a;\progck robustaess and parformance in
ternis of frequascy domain agd time domain Specifications can ha achisved staayl-
Laniausty. lation results in a servo ;ysiﬁm verily the o

praposad- techi qua.

Keywords: ,F:\edﬁtnmu,’ fabust H, cantrol, Compact gonelic algorithng,
Muodel refereate cofiirol.

1 l'ntmduc:t_i’cu

Recentdy, thefe has been much: fesaurch thal infends (o develop & rabust controller
for systam. imdgr conditions of uncertainty, parametec changes, and disturbindes,
As shows | p[L‘H s work, #,, eptimal corttol is a no*m:'lz.l technigue (o deacﬁ
& robust cof_éir ; howeves, tha ardar of controfter dasigaed by this Kh&l&b" is
much kigher hag t‘:at of the plaal. i is oot easy to implement this coniralier i if
pﬁcu‘«:ai apptications. To solve this pl“'}t["ﬂl, xtn. dasion of 2 fixed-stouctue fobirst
ottrotier ca propased and has besome an faterastiag area of w 2search be-
i_‘alii‘ ofits :xmpl structure and acceptable confroller order.
A moge receat coatrul [fechnigue uses compulational intallizgence such: as fe-
netic algafifhis
leammb control. Karr and Gentry | 1], [3j applied GA ia the tuning of fuzzy logic
control which was applied to 2 pH conirel process and 1 cart-pole balanciag

Pitsany mrllhoszzch:n Fiyapong Olranthichachat - Somyot Kaitwanidvilai

Faculiy of Fnﬂm'-*mn., King Mongkut’s {nstitutc of Technology Ladkeabang, Ladkrabang,
BmvkL\L s
xksomyst a:mm ~ac.ch

H. Wnag & af. (5ds): Tha, S:.,.ﬂz ESIEN 2000, ALSC 36, pp. 659674,
s;%sm..m:ﬂLram € Speiaper-Vedag Baelin Heidatbarp 2000

effectiveness of the .

g (GA §) or Particlz Swirm Qptimization (PS() in .zéaptl or’
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system. Hwang and Thomson {3] used GA o ssarch for optimal fugzy control
fules with giefor fixed mz_mbnr%h!p functions. Somyol and Mzaukid {4 proposed 2
GA based fixed atmctufe He toop shaping control 1 coatwol a pasumatic servo
plaat. To obtain parameiera in the proposed controtler, ‘geqctic algorithn is pro-
posed (o solve a specified-structune He foop shaping oplimization problem. lafia-
ity norm of iransfer. wm.tlon from disturbances to- stales is subjected to be
minimized via searching, ard evolutionscy computation. The resulting optimal
parematsrs make the suzem s!zbiv., and also guaranteg robust performance.

However, sl of past deveioped tcchmqmz mmuozzeé gbove ara based on the
frequency domain sp&uf‘ cations. The reason is that, it is.convenionl to desion 2
robust cantraller by considering frequency domaia. In fact, time domais specifica-
tions are also very zmpanam to ba cossidered in the. de;,inn. Unfortugstely, the
refation botween time dmmm and frequency domain is uurremiy uriclear. More-
over. incorporating ime doma.n spacifications inte the robysi contral synthesis by
using analytical methods is very difficult. To siaiplify the paoblen, we pragoss a
compact geactic Lnonmm for solvi ing the pre-specificd conirotler that can zchieve
bath the time and l'renmezzs:} damam specifications. m fhiz ‘future work. the peo-
posad techaique will.be. u&:d for coniroling the secvay syakm ta the HI3} visval
taspection machice.

The ramajader of this papes Is-orgatized as fallows.. &mxm 2 preseats the pro-
posed cGA based rebustfmoﬁel fe&reme confrol: The: comipact wenaiic algosithm
for dcemmnn a fixed snm,(m‘e cnntmllerm also described ia'this saction, Section 3
preseats s:mu!:dm results i A servg system when thed fap-med factinique is ap-
plied. Seciton 4 conclides the paper. '

2 ¢CGA Based Rdb_us_tfki@dél Reference Control

ccording to the s(andard pm-&dure af rofust control 1)} there are maay tech-
mques far &swnna_z robust coatroi!'*r in & geners nlint; for example mixad
sensitivity function. m swthesm, ‘H. Loop Shaping, stc Howévar, coniroliers
desigaed by these zaﬁmqms. cesult in'a comphicaed: stmsiure and high order. The
order of the centroller dépends on the' ondar of both the nomisst plant and the
weighding fenctions. [Lds ‘well knowa that a Jiigh o dec.ar. comphicated steucture
mnlrofh_f is-nat demrcd in p"acuca}; work. . Ta m':(comﬂ this probdeny, a fied-
structire sobust Lemroﬂc-r is desuzved by usiag cGA. Fottamrms shiow the datails
of progasad technique,.

cGA iz used to sojve the H_ fixad sirocturs costrol probiem which is diffioult
to be solved anaiytically, The proposed techinique is describail & follows:

Coalrofler's structuge se! cefion Kixjisa Slfl&(dﬁ.*bp”‘a.iﬁ“d controtler. fn most

cases, this costroller has a simple Strudture such as PID coadi iguration, fead- lau

configuration. la this paper, we selectthe structure A(x) as lexd-fag controlier a
shown in L.

as+f

Kixy=——
(s+c)

(s
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Fixed-Structire Mixed Sensifivity/Modsi Refecence Contral 671
Se{ of controBier parzmeters, X, is a iempted 0 be avaluated 1o maximize the ab-

jective function. In tis case, control’s parameters set is,
=fa b, 2

Ta the propesed echnique, objective function is formulxted as
F=wk +F whea J_,, <1 and plant is stabilized by ihe controller (1)

= 0021 or small number whea J ., 21 or plant i3 ot sﬁbi}fz&d’b}f the
controller.

t
where [l =—— [, = and W is the specified weighling factor.  f,,;
) il st )
is the cost functian ablained from the mixed-seasitiviiy approach.
BT .
£ sl = Gt
- W S

;i’ﬁere 1%} is weighting function which is ussd to specify the plagt perturbation-zad
Wyic used to spacity lh’ performance and distarbance allengation of. the systeas. T
is'the plaat’s complemeatary sensitivily fisction. #ed 5 is.fha pxaul s gaéitn’itg,
function.

Jope 1 is {ow cost fnction abtised from. the model refersnce approach: Astume
that the r’p-:'zt input command, which & usuatiy agplied ia the industrial applica-
tion, is apglizd (o control the. -plant; Cotss:.qtsf-nuv. tha medel refecence cost fune-
tiogcan be writien as

!

3
‘/ms!E 1@ ,df {3

55 oy

whete 7_is the period of fepeat reference apute =(y —¥) is the difference
ebween the actiral ouiput and the df.-szfﬂd fespoasa. ¥ is the aztual’ oa; . The

zsired rasponse. v. is determined by 2 mferance m»ndeﬁ Geﬁe:dl! tefirencs
medef is- specified by a first of second order filies. T this paper, a fifst ordar cafec-
encemadel is a.jcp{eé

32

> 1
}_’.= Gr (s1= {a)
7 T+

b1

where £ 15 the inpul command and T fs g {tme constaat, G.45)is the teansfer func-
Lion of reference madal,

Assume that (B reference faput, Step inpul command. i3 givea priagi. ‘sms
command is comnze caly used in 4 servo system since a plant .Lpaatedlv pmar
spectiic awtios thal ends is 3 fixed daration. Alisp specifying the structure of
controlfer Kix/. the ¢GA is used o fune thie contratler panmelers i obigin the
maximum filsess feaction ia (3} Bzsed on the peigcipls of Compact geastic
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mzchanics, ae optimal salution can be evelved. Compact geaetic algorithms and

th propie

P T ciracerned g P oy e
rr suammrieed s folowae

Step L. Specify the conirolfer siructvre. In this paper, the streciure of the conirol-
ler is selected as the ead-lag controller. Thes optime! controller paramater is tha
unknowa paramater that cGA attempts to evaluate,

Step 2. laitiatiza the probability vector {py. The aumber of fembers i vector ris
calculsted from lhe auabor of unkaown panatielers and the aamber of bits per
unknown. For example, sssume thai nsmber of unkiown paramisters is 9 #nd iha
aumber of bits per unkaown is 8. Then. the leagth of probability vecter (m) is 9x8
= 72. The faitial probability, p, for all elements is set to be 85,

Step 3. Genzrate 5 individuals from the vectar, where § i defined 45 the tourna-
oxnt selection of size 5. In this paper. s is selectad gz 10.a0d § méaas the snknown
coatroliar parametar vector,

for =l wsdo ii= genergie{nb)
whese gerierate means the individuat generatian procedure that computes the sew
isdividuals based onthe probabilisy vector p. st
Step 4. Use 31 to compute te fitaess valur of dach-§:

maximym fiteess value as the winrer, and the § that-b
valua az the foser.

{eep the § that has the
s the milnimum fitness

whitier, lasir = compets(S{1|, Si2L...., s
whese sompete means the comparison procedurs.

Step 3 Update tha prebability vector p from the winner snd foser. The following
preudo cude isused to desoribe (e updating afzorithem.

for izl wm do
iMwirter({} < iseri}
if winser{i] = I thieq p{i
elsepli] =piil
if pfi] > | meens probability = 1
U pfi} < & nzans probability =0

where n is the population size. and ar is the chfomosane lggath.

Step 6 Check the conversencs by .

fori=ttonido, if Fli] > Qrand piil<l then retern o siEp 2,

If the solution Is convergad, £ is the optimal sclotion. Mora. deisils of Compact
genetic zigorithm can be se2a ia (8]

3 Cantrol of g Servo System

A servo system in [4] is used 0 ilosicate the effective of proposed techaigus. Tha
servo pland can ba writien as: -
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. Gk K K
G 1}5?1&:&_, .
Ns(i+0035)

where K, K, K, and N are aniglifier pain, phase detection gain. encoder ‘aia

and counter gain, respectively. In!this paper, aominal parameters of 3 secvo plant
isset as follows {4, 9.

K,=20K, =006, =573,N =1

Two waighting functions for the mi xed-sensitivity approach can be specified as 4]

v 0.55+0.05
W =— — (8)
5§ +025+ 63265
e
W= 04

= Y
S £ +025+8

To tilustrate the controt performances of the proposed controller, computer simu-
Jailons were performed. Referance madal in this simulation study is selected &s

9N

G5y =
z 05+

Time constant in the reference moda!, in‘this case, is selscted as 0.1, Thé conwral

:p;'ig;ame_téfs are yrksown, Hut the stucture of cantroller and fagee of pardmetars

are specified in the design. e s paper. controfler structuse in (1) 4re adogied and

(B2 optimal solution of costrodler parameters §s assumed to be in the fotlowing

rzages.

x:0<a <10, 05 <100, 0<e <1000 {10)

Wyis selected as.0.25. We salact the geastic paramazlers &s population size = 100,
‘maximum geacration =50, individual size ) = 10, When running the compact
‘genetic -alporithms for. 9  generations, an optimal solution is obtainad. Opfimal
salution gvolved by {he proposed tecknique is shown in folfowing.

- 3.62435+ 24,3082
Eg=rr ()
§+205.0200

The obtained aptimal soletion has iafinily norm (eost!) of 0.9598 zad fhe fit.
‘mesg value =-0.9552. This means thai tha optiniz controtler is robust. . Fig. |
shaws the convergeace of the fitness fuaction. Clearly, the soiviion is converge
2l ¢u. generaiion.

. For camperison purpose, time domain fesposse of the propozed contralier, ro-
bust controller in [4], reference model, and a conventional lead-lag coatcptier are
‘favestigated. Coatoller paramaters in conventional tead-lag costreller aré winad
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1 i e
0.9§
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B Garrations

Fig, t Filness Value vorsus Lteration in coaipact Genelic Algarithm

Sop resgppe

g+ oE i 5 FrrTTEE 3
Tieeis}

Vig. 2 Step respanse

lag controller at'n

'lht/pmpasud oftimal controlier, canwoller in {41, conventional lead-
zinal p’am and the refecence modet

by censidéring, ohly (i tine domain resgpo onse, This can be achieved by usisg

tr:al-eﬁd-errs‘f S Fxg. 2 shows me step respom&s of alf ccmiroﬁ_rs‘ AL s2en
in th.s ﬁnure setling time of the pmpdsed asdt conveniional controdlor {3 shmast

the same and s beteer 1h3a that of the cobust controllar in [4). Also. there is no
overshoot i all frespanses.

To study: 1h  robosi performance of all coatrollars, tie step responsas of the
pedurbaci plant'wh “h pafam*tﬂra K ﬁr‘ K _.and & are changed o 0072, 24,
6.876, 0.8 resg .mely (30% pgrturh‘u‘un) “ane invastigaied. Fig.3 shows the
step respanses of 2l controflers when e plant is pertarbed. As seen i this
figuce, there are mershoot at e respoases from the robust controfler in {4} 2nd
the conventional controller. Cleasty. the respoass from the proposed techaigue i

over-damp respanse aad there is no escillstion in the fesponse. This shows that
the proposed techmqun is rabust and the response is better than that of other
controtléss.
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Biep casponga
A + e A
w— Progossd cantasar
=== Santater ¢4
woe Qumeniral Ead lag catular

I}

- v R
Tianels)

Fig. 3 Siop response of the proposed ogiianl coatroller, rontmofier in [4], coaventionad tad-
lag controller at perturbed plang

Table t Comparison of contraller, of pmposcd techntque and GA based robast controller
in{4)

Fropesedecaitmlles | Coatroller i J33 Canveasionz]
. § lead-lag contmller
2587874+ 20508 01455 3085
. e /. s+19734 | ¢ £285
0959"‘ ‘ / 0.5333 LHe]

Tebte { shows the contralier moters and iaflalty norm (.me As shawn in
this table. both proposad controlier: d controfler in {41 are pobust siace the infie-
iy gorax is less than 1. In contras ',;_me comventional centrollar i ot cobust as
shown by its infinity aorm. '

4 Conclusions

The proposed techaique is apphed to contral 2 sarvo systam. By i igcarporating of
rebust controf and the model e ncgcemrel concepls. iz sobust and gond pac-
fermance controfler cag be ach n obust analysis, mﬁmty aocm of proposed

systen is less thas ona, which o that the desigasd systém is cobust. Respoase
of the proposed controller at the ztnrb cd plant is mwch better than that of the
robust controtler in {4] and cofave ’maaa] fead-lag conteolier. By the above mea-

inaed resslls, it can be-corclddsd that p«.nlrmances in time and frequency da-
mzin a3 well as robustasss can be. ac!uaved by the peoposed coatroller. in tha
future work. the proposed tﬂ'.hmq ERGIEE adapled @ coatrol a servo system of
2R autesiatic visual inspection.




£76 P. Srithanachai ot af.

Acknowltedgements. This rescarch work is financially subparted by IndustrialfUnivecsity
Cooprrative Rescarch Center in Data Storae Tm‘mo!osy;..nd Appdications, King \30116-
kut's Institulz of Techaology Ladkrabang and Nationat: Ex‘:cimﬁﬂ.: and Comspuier T:zimcl—
ogy Center, Natiomal Sciepce and Techaology D*u:loprm:m Agenoy  {(Peojegt NWou
HDDES1-004; and Belon Industrial ¢ Taailand) Cox, L4,

References

I. Karr, C.L., Gealry, E1: Fuzzy Conteel of gl Uﬂnﬂ Gcnctzc Algorithms. EEE Toans_

Fuzzy Syst. 1, 46-53 {1993} .

. Karr, 1., Weck. B., Massart. D.L., \’an?ex.rbmhm, Lease Sledian Squares Curve
Filting Using 2 Ggrv-uc Alzocithm. Eng. A;p!z&m : Amf lmc!i S{ 5. 177159 (1* :

3. Hwanz, W.R. Thompson. W.E: &n infellinent Confralicr Dwsz"n Based on Gendtic

Algorithm, In: Proc. 330d ¥EEE Conf. ~eision Cemx_:gl,,Dxcmbn:r 13-}7, . .126(:—

$367 {1993} -

‘Chen, B.§., Cheng, Y Mo A Stricture-Specificd O;mmal H:n Control Design for, Praci-

4

:f'*

cab'a ;‘ipixcu..om & Genelic Appraach. [EEE Tnmsl e Canzzo! Systsm chlmctany G{G}'

(\o\ cmbuer 998}

(=]}

‘lmxmt} Loop Shaping Coatrol of Pnﬂummu

Rabaotics and SMechateonics Eﬁh} {2 ?0(34}

MATE AR Robust Conirsd Toolbox, Mathworks oL,
http:s fwew . mathworks. oda

7.. MATLAR Generic Algordthms Teolhox,
hotp://wew.ia_nosu.sdus "régé:"G.‘“-

8. Harik, G, Lobo, F.G., Galdberg, [LE The
.Oa Evoletionary Computation 3(4) {November 1229) :

9. Ko, B.C.: Automatic Contel Systemis. Prentice-Hall, Eaglewood ClifSs (10013

Sys‘cL Internationat Icmm.:i ‘of

. -Kaitwanidvilai, ., Pamichian. M.: Gengtic Algoritiim Based Fixed-Structure Rebusi B

116



117

lecture Kotes {a Engiasering and Computer Seleace
IMECS 2010
International MultiConference of

Engineers and Computer
Scientists 2010

Hong Kong
16-18 March, 2010

Pefernaticag] Aasgdinm of Igineers
52 3o B I RGN

e IR AT DS I A Fen et



Pro..uiu,,a of the .n*e:muon.l WaitiConiarance of Engin 2553 and Comparss Scisetin: 816 Vol B,
DEECT 2610, Marck 17210, 3010, Hoog s Honz

Robust Fixed-Structure Cascade Controller for a
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Automatic Weight Selection and Fixed-Structure
Cascade Controller for a Quadratic Boost
Converter

Somyot Kattwanidvilai and Pitsanu Srithongchal

Abstract In this paper, 2. aew techaique for desipning a cobust cascade controller
for 2 quadratic hoost converter Is, proposad. A singie perormance index in H iniin-
ity loop shaping. comml cal[ed stahility marnia is. adoplgd as the objective functios

in (e proposed. Gpumfza" control g\mblﬂm GA is'used 1o solve:this problem to
evaluate the optimat oo cassasy conditions.of cascade control schemes are
adopted ss the consteziats in (i plismization peoblam. [ addition, pre-compensator
weight, w lm:ft {5 nioraall 1 1o be selactéd, is. stmulizgaously determined with

the Lontmifer. Ccmg lv.d) with the comvertional B iaftnity loop \hapmﬂ is
praseated. Finally. simildtion wesulis verify the sffectivénass of the proposed tech-
ulqz'ir.

Keywords H {dtinily laop shaping control - Genetic algocitiuy - Quadratic boost
converer - Fized-struciiite robast contool

I Introduction

Severat advantages of quadm.xs C: DC canvertar such as reduction of the resa-
aance madd in DC-DC gagverder, smp[., cirGuit, 2t hava been peessated in the
przvious feseasch works T1. -};»Tha, design of robust contealler for this converles is
neadad to eshance bﬁf‘l the p&rmmaﬁu, and the robustiess of the contrallad S¥E-
lem. Althoughthe stmd;zrd technique such s H tef mfy optimal costod can proy ride
a feasible way lo desiza. e cobust cantretler; bmaemr tha sasuiting conlrolier ia
this approach is normzﬂ', s:z:mgillcaim with high ordar, makiag it dlﬂluhli to im-
plement ia practica. fn addifion, weight selection ia this techﬂzqz;e which is acl as
easy sk, is normally- camvicd out by tral and ercor mathed and needs the expeit

S. Kaitwanidvilal (33 1))

Cencer of Excallence foc fanovalive Enecy Systoms. King Mo wrkue’s Insshiude of Technolagy
{ admm Bar;t,h.ts. 16520, 'ﬁxall.zm
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know fedge to find the 4ppraa,1mle weights. To gvercome this prablem, we propose
art alﬂonmm 4 robust cascade mn.rull‘..c daswm by GA, to desian g mtm{ o
traller for a quadratic PC-IC boost cm.:ﬂer. 1n the propased technique, invesse

- ol infieity norm from disterbances o staies isformulated as the fitness functioa
in GA. The advastages of simgle stru‘turs. contsailer structure selectable, aad ro-
bifstiness are achiaved by the proposed (echnique. In addition, performance we ighit,
which is normally difficult to ba abtaifed, iz smmltzpnoush detecmiaed by GA.
Ttus reduces the difliculiy of weizht selaction i the camentmﬂal robust loop shap-
ing dasign,

The remaiadar of this paper is showi 25 fo!lowa Section 2 illustrates thie con-
verter mode! and the coaventional H. infi futv loop shaping technique. Section 3
déscribes the proposed lechnique. Gd\ is alse brisfiy described in this section.
. Simufations 2ad resulis are shown ia Sect. 4; F(.x_ﬂ.;, Sect 5 coacludes the pa-

» _pe:
2 Converter Model and Conventional Loop Shaping Technique

2.1 Converter Madel

‘Figuge | shiows the typical circuit of aqu:ufmm. boost canvester The dynamic modet
af current and wi!asn. locps ia the casCalle control scheme of this cicouit can be
- «g)m&mﬂ as {4, 2, 3}

ny fi{s}_x Fan ',:3,'%'},4_-‘?1&%;‘:?5 4 &5 i1y
dis) s¥LbEsY 4 bas? Fhys 15y
00t mae? Lo Lnnys +mg
W T = CRWLI5D TRLERY 33 ':3)
(s} ays faps-ags e
‘Whers
£ BL—8% Rl - D)
Ky = _}- 3 = 4+
(L -U¥E L3 £
(- 2 - i {
o o )
PTG L:C G TGl - DY
_ 22— DY - e R~ Dy i i
“= L1Cila ¥ L:Gohy 7L GGR T LGy R RUL - y
4 - DY 431 - 0P 4 H
= L11.1C,Ca T
b -0 (-Dp t (| — Dy
e +«:l i +{ )_,‘ by = . =0y

£2C 12Ca LiC1 L20:CiR T LiCaCiR
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Fig. | A quadrufic boost
converier

(1 =Dy £ | £

Tnaehr TTRGa-bE ™TLoi oD
—E( g+ La{l — DY) ] 2E{t - )
TRLIGLGE-DY T T Laiag

D. d are eontinal duty cycle and duty cycle. respectively; &3, L2, C1, Ca. R are the
componsat v*tlues of the converiac ahmm in Fig. 17 E is.he nominal ieput voliage;
Gg and G -dce tha dyﬂamzc models of current :mzi \c-lla«e h:ra, Lo =gy 4073,

2.2 The Conventioaal Hoo Loap Shaping Contrel

Hinfinity loofy sﬁapmﬁ control was first introduced by K Fa lane {6} [ this desizn,
desired opa-s* 0op <bag-‘- infrequency domain i§ spacifiad by h_:spiﬁg tha open !@ap
of the system, .G, with the weighting funciions, gxm—c.meer:salor (W13 and post-
«.{zmp:nsamr % s}, The shapad plmt can baw nunra as:

G = WiT A i3
Ga = (Ve - Apd(M, + Apg) ! i
where Ay and, Sgee are the unceviaialy - transfer fur;cﬁon: ia the aomieator
and d~mmzmzo, ackors; nzspactively. Ga is §h«_ shafead plant with unceriaiaty.
B pe, ::w, wWhare ¢ is the stability margid. The desizn steps of H infinity
i u.i':neﬁy described as mllmrs*
#the pre- add past-compensator weights forachieving the desiced

\(ep 2 Figd thaoptimal siability murgin {20y Y solving the following equation.

5[; j /]
—3 g =i 4 BN
=¢ ‘= inf i :i.’——G.’i‘)-:,f-*; i3}
.afx.x , 3 x3 o 3t
upt SR ; lij ® o

 (eeped is 100 Tow, then 200 Step 1 1o select the pow welghts,

Step 3 Sefect the stabxm MIATIN (5 < £apy) and thea qnmc«;u the contoiler,
Fx; by sofving the. followmn mequ.m- v

3 { P R |
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Fig. 2 Cascadz contwol
scheme for g quadratic bocst
converter \"r

L..._...,....... vy |

Step 4 Figal controlier (K} is
.K = “"] !'\'_-_Q “":; {'z}

3 Fixed-Structure Robust Laop Shaping Controf

Althought the rabust toap shaping technique is an efficient tachaique to dasi nn?a_m-
bust controller; however,.the finat controlter designed by this appwach
high order and. mmpm.aLd. T overcome this pmbre*m we prmme a
ﬁxed stmcture robust Inop sb'

'fG,—r,-.-nmp is sik, mmsiu {umm\n of i

Imp sy sla_m of t&e citrreit Iaop, thus, G, = WiG; G insertpop Gu and the Stabil ma:cvm

b s

in ¢6y can ba wities as:

- -i
i[ W~-’ ﬁ{! G Gen) ! 11 Gl
¥
Consequently, our dasign objective is to find the opiimal gains of the Pcontroll:
“of curcent lmp. the PI onniml[euG,;; 3. and tha weight Wy such that. [h
macein i (8Y is maximized. To &hl{&'\e the czscads controllar 2.coasir
is “the bandwidth of ienar oo g ust b2 much higher than that ofithe Ot
a:ddal to the optimization prot .The roltm«fmﬂ steps ara the progosed:
S[ep L Specify the siructures of w: cight and coateoller Seleck me
compnsatr waight as I o
"Step 2 The structure of tha voltage loop controller s G gy dp), this, Based on (7)

Koo =Wix)™ iﬁp”(,_p; {9)

By substituting (S into (6), the infinity norm of traasfer faaction frony distus-
bances ta states, subjeciad to be minimized. can be written s

H -
Jecar ='2 =P = “?‘zuﬂ;m

Mﬂm cpq}““‘*""“’ il “MN ()

whare Gy = “ lem-va.
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Fig 3 Fhness versus c :" T
senzzticas ia GA a8
opmizaticn az

¥ Q5

¥ a5

i:: QA

U C3

g2

Bt
h oUW B s

SEnarRung

Subject {6 BW (inger loop) = SBW (ouler loop\ BW is denoted a3 bandwidih.

Step 3 Use GA fo find the optimal parametes, p*; pain, and °. The followings
briefly describe thaGA.

In the propased tzchnique, GA is 1{109%&4 in-the coatrod synthasis. This atgorithm
applizs he concept of chromosomes and the deneti operations of cressover, -
{ation and reproducitom At.each. step. caflad "a i6m, fitgess value of each chro-
masoma in pupuiauan is evaluated by using fifgass: mnwa Chromdsoiie, which
has the maximumcfitaess value, is kept as aso[mms; m [he cumm oeneraimn TE?:
naw populau thﬂ pﬂn gume":mon la’

2 mzhv h.rom e in «e&.w: papu’a,xq"' i coded 8§ bm.zq* n.xmt\cs. Howes o1, for
the real aumber prubun decoding binary ndmber to Tioating fumber is applied.

4 Simulation Results

In our stdy, e oonvecter phramders m gwen s fallows: Gy =22 R G =
100y, Ly =90 pH, Ly = 382 pH, load ioa o{ams‘ G4 is adopted to find the

solution of abave opummmon problem V‘.Re(ﬁm parsnwier\x gain in PI contmller,

and gain in P controller, sre sof as the - chromaso L GAL Cl:vu!mml:, of iitne do-
maia specmra.mm‘ i.e, settling time <0.05 sec;; &‘er;&v:vm <0.5% are also adopted
in this cpuuxtza;son prabient. Wheq rusiing GA for 49 generations, an aplimal so-
{ution i5 ottained.

Besulting weighi and controfler age ’:hom 4] Tab’e: L. Conventional # infiaity
conirol Mth the s._ma weight and mn:.t iaop "urreuf coniroller gain is adopled to
desize the controlles for comparison purpose: The fuli acder 1 infi inity coatrolier is
dcah‘ﬂ:’ti 5§ £l 1y

a*c

Ho ==

thy

(036655 + 18.403)
p
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Tshle | Resuiting contratlers and theic sabifity margins

Propossd cortroller Cauyeg&%@_m _H»_\: toop shaging
Weight BI663s 2 18.05) /5 (236638 1 18.05)1
Centrodltar foutar loops (025185 + 33.97)/s Hytn(ll}
(9th endzccantroliar)
Coutrolfer dionar foops 274 2735
Stabilivy margie G0 0.3
Fig 4 Siep esfanse of the ) Siep Respouin
peeposad contraller st Hy, Propozed controlier .
coctroller . 1 L
o S
.
2 HoN
2 pgy  HES
= og - 1

bﬂ T TT1 50‘5 QW} TR
Timelgagi

b=s® 4 1084 % 10%7 £ 1068 5 10/ 15,491 x 1015 14799 x 1019,
+EIA 10T 545D x 1662 11,138  10%5 £ 3415 1010

¢ =603757 +6.499 % 10%F 4 1,923 5 1075 43,314  10155%
+3.003 x 16753 1 3,968+ 10757 £ 8895 x 10°% 45,166 x 10°0

A3 seen in this table, the stahility neatpia of the praposad coptroller is almast the
same as lhe conventional full-order H infinity contmtler; howsver. the arder of our
controllas is much lower thaa thal of the conventional controller: This makes it casy
to fe implemented in practice. Since anatog controller is normally used to desias
the converier controller, our tackigue is mose feasible tean the conventional cobust
contral. '

Time dematn responses of both. controflers are shown ia Figs.3.and 4 As seen
in these figures. our proposad techntqaa gains better responssin fernis of fast sz
#ime and (ast setling time.

5 Conclusions

in this paper, the desiga of high-perfarmance aad rebust controller for 4 quadsatic
DC-DC converter using Genetic Algorithm has been proposed. Reasulls show that
the order of the proposed contraller is much lower thae that of the conventionat
fobust foop shaping controller. Inaddition, by the proposed techinigge, performaace
weight which is not easy to ba specifisd. css be simultancously evaluated with the
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ih

oortralles. The teacking performance specifications can be adoptad 3s the consiraial
in the proposed optimization preblea.
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