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ABSTRACT The generalized Kalman-Yakubovich-Popov (GKYP) lemma provides a unified LMI characteriza-
tion for finite frequency properties of dynamical systems. This paper is concerned with a soft wear tool for control
system analysis and design based on the GKYP lemma. We first clarify the class of synthesis problems which can be
reduced to LMI optimization problems. We then discuss about a tool developed on MATLAB for the purpose, where
we explain the data structure and the GKYP-LMI translator which automatically creates LMIs corresponding to the
design specifications. This enables control engineers to just write down design specifications directly without any
knowledge about the GKYP theory and MATLAB syntax for multi-objective control system design. Finally the effec-

tiveness is confirmed by showing a multi-objective PID controller design.
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bhz, ok %, GKYPHEOR(S),1)D I & &
PBEFFN A ELS, SOLMIRELMIE 1 572
OEEAEERTITR ) 2N TELNLTH D, &
DAL L, GKYP Translator 2 HEIRIIZAT 72 o T W
5.
2) A ru—-FICEOHRNETIENSE R EOERT,
lim_ |L(s)| =e0 £ BB AT 0< <0, £\ ) KA
TRIELCEHENTEL WV, 00T 5/N SV 0e &
AnT, we<o<o EVI)IFHICELZET, HiHE
WHOEMG L LTRDLEND B.
s BIRT & DEM : type, paranld, FNFNOFHE
B ALEHE BARRICRT (R/EEZSHR) . paranid,
FNENOHRBIZBITB8T A= % 2472 ~ 45D
fIFICHET S, OGO 1fTRIEZERERD ST
A= ORI, 2ATBIINT A= ¥ 2ty
5 & XOHMBEBOBREIIEIE LTV (RESIETH
WSER/ME, BThNTRARILSINE). ThoD T
A—=%iE, BHOFLOAERET, FRLUINIEEK
b, T, IRLDNT A=FIE, FOTRCH
BEILTEADIITELR, RBELTERVIIT A —
FZonWTE, MIETH2THOEEX 0L BT
3520, EOL)BRNRT A PFRBELTEED
PIZDOWTIE, FEHOREIGRGICH L, BAARRIZHA
T 5.
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H3 #WHEFELOEN

type = ‘oval’ D & &, HEVEH LoOFEHAEI D
IICEENTVE ETAEE, paran® 1 5B iZFEH
DOFle, 2HBIE—FO®DERE r, 3FIHIZ 28D
REDla, 45H3EEEBE DL A 01T L
Twb., £72, 35IH, 45HIIEMTHI LN TE,
ZOWEEIENEN a=1(HEM), 6=0(BH3FEH - IE
B ENENFAT)IC R L., £72, RBILTES/%7
A—FIL, BT - RETRE L B I r DA TH B, T2
2L, ZOHBEIBVTD r b I r? HiEEL
OEHELTHwONE, 72821, 3D L) %FE
Mol £33,

specs (m).type = ‘oval’ ;
specs (m).param = [ ¢, r, a, theta;
0, 0, 0, 0 1;
EThiRkl, ToORBIIBNTr ¥ R/MEEE D &
&1,
specs (m).type = ‘oval’ ;
specs (m).param = [ ¢, 0, a, theta;
0,1, 0, 0 1;
EFhnid i,
c WBUNT A —2OBREIMOBEL . HELI D8
TA-IHBEEB L L E, TOHRBMERBENLSED
ZEWTESL. ZDLH R EE, param D 24THIC
HHBEEOREL 5 2 nid v, i,

min  —x; +2x,
st —R[LA)]+S[L(A)]+x, <0
L] <x,

DL LMEIEHEC L EE, 1DHOEMHITFLT
specs (1) .type = ‘hp’
specs(l).param = [ -1, 1, 0 ;
0, 0, -1 ;
EL7zET, 22HOLMFHIZHLT
specs(l).type = ‘oval’ ;
specs(1l).param = [ 0, 0 ;
0, 2 1
EvhuE, TORBIMEZHBIEHNTES.

NI | -El ectronic Library Service



Japan Society for Sinulation Technol ogy

76
x6 HREERTHENR
R WNE
feasible BT 1, o
optval H W% D & E 8
k I MNA—=FDIINT A4
sysL —RAEZE BB OIRBEZE [ 7V
specs B SN2 R TEER
423 BROHA

#EFresultidfeasible, optval, k, sysL, specs
LV S5DODT 4 =V FEFOEEKRTSH 5 (R6% S
).

43 LMIBRERF7ZNIU XL

4.3.1 GKYP Tool®7 I XL

GKYP Tool DI&ENZ20H 5. 1 2id526Nh72y
AT bk G % GKYPHIEDITY (A, B, C, D, ®, W, TT)
\ZZ8# L C GKYP Translator 2% 5 2 & &, GKYP
Translator (2 & - TIES L7 LMI D0 5 g difb S h
P2V AT AEFBRTHEEL CHEREBNITAZ LT
HEH,. FENFNROTO Y 7220 T, LLFTHBT 5.
(1) fBAR - BEELODHFI: 3", 520N/ v AT A

NG A= IHPIFHES D E R T D, 85 A—%
HAFAE L %% WIS EEAT IR, TRAE 3 U EREET R
Eh b,

(2) WFA—BDEF: 2X12, VAFLIINF A —
YT A E L, FOXT X =7 20T 5
LMIZH A EHT 5. SOERIE, TXTOLENA
Zxt LTIz i A 72, GKYP Translator |12
Lo THEMEZ LMIETEIICERT ALEND
B, X7, 8T A= DEY D BEHICHIK LD
BHEEF, CZTHRERE L CLMICRMNICER
s,

(3) RHEOLBE -V, 1 OFHE : £hLLTANESH
TEERIIT LT, YO 2EMETA. 2720, IO
CEEOEIL TR EEREGTATODLI LN D 5.
FD2H I x, rEHELT

m = no+k)f:l %11,

YEBLZEED,, . 1 LEROS m k4
TAELTHEEILL TS,

4) LMIOES : 3) TR L TH&EL L2 P, 1T %,
SAFLOMEEALE I PO—5DNT A—F %
LT HEMT L & 12 GKYP Translator 123% 1), #
DEMFICHET L LML 2 KT 5. 20k X,

— 76 ——

GKYP Translator 2> 5 1328 & £ FA5E 3
B, ZOMHTFIE, EBIELNLILMIO ED
BEPFEEE U CRBIL I REER O rERL
TwW5h,

(5) LMI #88< : ¥ _XTHEM% GKYP Translator T
LMIIZE L 729 %, GKYP Translator 3K 0 i & &
HEDEICHWEBOBRELEE L TLMI
Toolbox @ LMI solver {2 & - THE< .

(6) LMIEROEMA : LMIZ BV 7500 %85
AT LEEMRBRL T, FAHEKREE LTHY
T5.

4.3.2 GKYP Translator 7Jb 31 X L

GKYP Translator i, 52 65Nz AT 48 W1 %
KG),UDDOLMI & LTEETAH. S0 L X, IR
BTRATHORE A Wi (5) 25, 8EHHIETIX C,
DIZHLTIRIZE>TWAEIDIELNLS,
(1) F9, 47510 & & AF L ORE S R DY
RLEPEZHRL T, LER2EZERX07),08)1C
Lo TV AT LRSS, 2 RMBIZHIRT 20
Wb ESEN ORBE Y AT LOBPDORED—
LW EnLHBTE S,
(2) 2FIS, M & ¥ HSLMIVEPERLZHGT 5.
Z LT ELMITHAULA ), (1) 2 HTLMIZED,
BMELMITHNUUTA<O L) LML %

R(A) 3(A
l—s((A]) (1) ] =0

EFTHIELTEILMIKET.
(3) MBI, ZOBRRIZBWTER SN 1 OEER
SR % BT % LMI Tools 12389,

5. BWEtY-—IERHW/-FHHEARKXEE

AETIE, GKYP KIS - &5ty — Vv E2FHLL
TarILAELT, ~RIGEBEEOR B EER Y &
L, ZOBEIL, Tk PGB

_ 9
(s) = (s+1)(s2+5+9)

Thbesd, —RIZEBB L) =P(s)K(s) BRDE
&z LoD, yx /N TAPIDI Y b -5 %
DFAHELDOTH 5.

[L{s)| < 0.1 |w] > 5
—3R[L(s)]+S3[L{s)] < ¥ o > 0.01
S[L(s)]+2 <0 001 <@ <05

i
03

. 2 . 2
{%(Ld.(ﬁjw))} +<3(L (Jw))} <1 08<mw<1
ZIT, L) IXRD &) 12w

eI N5,

VIial—Tarv E2AEE1H
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% --- define plant and controller ---
sysP = t£(9,[1,2,11,91);

sysk = K_pid([1,1,1],0.01,[10,10,10; 0,0,01);
sysL = make_LTF(sysP,sysK);

% --- set specs ---

specs(1).omega_l = 5;

specs(1) .omega_h = 0;

specs (1) .type = ’oval’;
specs(1).param = [0,0.1; 0,0];
specs(2) .omega_l = 0.01;

specs(2) .omega_h = 0;

specs(2) .type = ’hp’;

specs(2) .param [-3,1,0; 0,0,-1]1;

specs(3).omega_1 = 0.01;
specs(3) .omega_h = 0.5;
specs(3).type = 'hp’;

specs (3) .param [0,1,2; 0,0,0];

specs(4).omega_l = 0.8;

specs(4) .omega_h = 1;

specs (4) . type = ‘oval’;

specs(4) .param = [exp(i*pi*4/3),0.3,2,pi/3;
0, 0, 0,0 1;

% --- solve LMI baed on GKYP ---

result = gkyp(sysL, specs);

% --- display results ---
kp = result.k(1)

ki = result.k(2)

kd = result.k(3)
nyq._specs(result);

4 FEREER TS T A

Li(s) = e6/L(s)+j

¥/, PIDaY Pu—S3A(15) TERINLDD L
L, T,=001&F%. &5i2, PIDD/XT XA =53 &
bIZ0<k, k, k<10 ZHFZT &) ICHRAEEMRATE
. CoMEIE, FlAanT7u Ak L s e
TE5.

ZOTaTTLIDOWT, EICHEHHET A, 9, 7
SyhEteravy FIiZLoTE&EL, kRizar b
O—5%%EHT 5. TD’K pida~ ¥ Fig, 7,=001
T, BXF A= O LERI10, FTHEI0ELLRDL L9 %
PIDIY NI—=FTHALIERXBERLTWVA, EHIZ,
7oy bh, avbu—gexERLZV- TIRERK
L(s) =P(s)K(s) iz L7-EF L% ‘make LTF’ TE
x5,

DX, RUEABERRYTERT . FIEICBY
54 0DFMRFNFINspecs (1), specs (2),
specs (3), specd (4) ICHBELTWAE,. Thb 2ER
L 721412, *gkyp (sysL, specs)’ 124 o T, GKYP
Tool # EATTHILER L2V AT 4, &fFIxE L7
LMI 2 72 BT, iR result (RSN D,

SER 183 A
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Nyquist Plot of L

Imag(L)

Y

0
Real(L)

H5 BIEOFETHER

B, Wi R resule 25 PID/XT X — 8 2 HLD
i L72%%, 'nyq_specs (result)’ I2& > T, =&K&
EREHMONT MVEBR L RE LS eI T A,

Zo7arIaArFEFTLE, RS0 L) 2MAE
RENDL. ZOWHR, REFSNAPID/YT X — 414,

k,=0.3406, k =12127, k,=0.2217

F7z, yOR/ME, 07201 & % o7z,

6. &bHWIC

KL TIE, GKYP BT R RFaHEDTE
TEBIEL, FICFNICEDWTEIE L CHEROM
Mr - BREFEAT 2 9 72012 Matlab B CTRISE L 28T - 3%
Y =iz oWTEHI L. B LAZY =V EFHT
5L, BEORMBMNE ILHEICE 4 ORFHMIAR* HE
BRI T 272 CHoTh A, T2, 2OV —IF
ERIHEELENTWEDOT, W5 5 GUIDIER IS
&0, &{TursI v rRLELET, £ HNHEE
Rkt ReE 2 B, 1271, LMIE AL IR
ENAHHEEEFIR SN TE Y, 348128V THH
L7725 B HA % o /%t 2 /v A + GKYPH
BHIOIEDLLEEAORILDESBOBRETH L.

kB, REFzo—ikix, )RS TR e E
CRESTOXEZ %I TiTo 72, T 72, A4 5
IR HELZTERY WP W E B (-
ST RE)ICEH AL ET.

2 £ X M
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