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A CACSD PACKAGE FOR K AND LTR DESIGN
HanS Henrik Niema and Jakob Stoustrup

Mm Institute, Technical University of Denark, DK-2800 Lyngby, Denmark.

A CACSDMS^ pdag for K ad Thestr Rwery
(LIT) deip ad r i bk ispad lbSi-d K dg
ede a - bis mrnK penal km ( se * qyh.

wher so mt heceam bs dSnic fla bs conbola syn The
LitR methods a boed onl.cli meds, n LQGorlwwe

wes4 ad-'WK uS Al meShweui sA faw
b th MS Salad way. lber_ cal ftho e a bccaa abo

L iiRODNe7Qin n~~~~~~~~~~~~~~~~~~~aThoby, -w die mat= p ways toMeseww theaScal- malsbin
te bid c od spf avMe i_s by bteaa bs w ui
pIeIsI on _ad d coed scwa pisf Or oftte and d
c xdwwepflgea islt MATLAS prop hir WhWouk [221. Seveal
coed ml haveban deeloped, com_Ibl wel s no.-cmnmercb for
he MATLAB -

ia fls weppesm aac--cialCACD (Cpe Aided
Ccusrller Sysm Deig) packae, bd on the MATLAB pops, fOr ad
K dedis, LTR desg aid red Imxs lbe contro cka is deveoped hi
the bm two years in bclnecosmection wIt owretical ch, eqrify in
te fied of L1R deg, [13,18]. With tis papow in min only s pe
eth have be _I for te S ad K emXs. For ativ
womb. the peant toobox comply ma wide ext with existing tolxex.
l ecad s igmins have bwa pmne,hwver, in orerbto
bat specIfc asromalw dlffcile la bsDeig pobatii dealt with.

lb1tobo is a rofe of a thumti eveb in th field of LR
deig metods, epcially thn baed on 54 or KX optimsion Using a
si c desoilon of tie LIR problem based on meovey enor (13], the
reheed St2madK salad deignp pmblnswe in generalsingulm, & bse Sect
feall-oegh -l doe ms sesily.ham m ml , oe. of the
Snec Fseedtl-ong flui will be no ad tde other nine-- oecen theqct
LtR deig Irobl(cbaef sion, [13,18]. Sbqpi 54 or XK poblen cmi be
sohled in two ways PatUting the diec feedtug terms ad -#th regai
- devekyedby Doyle a [61 or - a metod w citly as me

of f it_ghiy biedbscnfaddurng r Suc a meodabea derd
by Smoegeld [1617) a th shiaeKIWoh. c0xa is bade. ft
ingAlrIqoSale tod the seod oi expficit ion b the L7E design a.
Moroe t reg aiposh is also Inclade bb slapir m a a spca
ce [16,17. As a m ft two MS tdakmes by di al. [1] aid
Qgmd Sdno [4( weonly adn th regwb XorKapPofl

l a fact ansa vidd kmtwomab pinae. in the firguw
-pp a FinrSns a collec*Ad Hem we hav fa-cditwa for. Solving Qaisic
MEx bep (Qi. rebo the inguaw *_wa), Sovng egS ad
sngui Ricad qasok akbc datare dcoqibg Mems, St ad K-

on Us gwr funciom the facio iale in MATLAB. L-re we hv
fad..-i for. TkwAdmaslwu betwee aMPewncoahfxffigeSln, StaidW
Kdeiguofdiffertawobems, LIX-retw mes sli bad StaK
qfaflm adfca for c eag af _o*caon

In ths pe, we wWftfiOosice SpinK wybscIfLIR deign cowcqt baed on ecovry armm Afterwwd, thf sant of the
eftx snd he differt femtion wE be dented.

Thids erisjgotwrinenma mmmi for themtolbx. Ilb intention is to
give a ovevinw die faiis in ft toolb

2 THE STADAR FOUR BLOCK MOBLEM.
lb smdrd fou blck stp is Stw in fig. 2.1, wher w is Me

xenainput alas the conrold signS xis ftntptm to bectintdle aid y is the
measal apt. L; redpcat a gene ie d Y repesaw acoain.

Leb tCastr ftn of ftrxlla Z, be - by K(s The the
cbkedloo wader fctiomnww toZ b n

Tb wrk is uppmned b pwt by ft D_I Tecical Relach COunci
uider pam 1643 ad pa no. 26183CI

a04) Tws) TJs$)K(sl - T,SI))-E'Ts) (1)

whe T,4(s), TO(s). T4(s) ad T4s) a feW o wader fail fm w
-, z, a 4 x, a+ y ad w- y recdvely.

RisaxXdtk pbZ'sfitdnicd, tea,. beaim
(FMLTh ad, las - be quad by ft Moing Of mlnceo

'I aAx +On Bw
s:y - + D1w + D,4w

.Z a C +XNIM4 N
(2)

where r,uGer,w e U,yea adzE W.
lb deg problem is to dceig a FDLfl waIler a(s) a K(s)y(), i poSIt.
awh dth a table m die inkIf closdbop teste fNCtion bmw to
z issm&al m a se ified invd.

In the following, it will be amanica tha the dliagonal flu in D (Di1 aIdw
D.) is zo doe to the M ed 24 adK deig tehod lb system nZ with all
on-mo D-tems cmi be tomed into a nw syem L, with D,, - fl, 0
Slg Loo Shilflg [16. Conole deig for I cm be dived for the
loo dified yutm I, Whout atfectng th cloned-loopK mom.

lb fo block poleUm sip diecy to fcwmsb ecoeol design
probeni sucha e.g. robas stablity deign, servo dgp, fe dowa sigp, etc.
in a smple way ad ni the an stup.

Deign nmhods basd n the wbq in fig. 2.1 a csred in next

3 DESIGN METHODS.
In tim fowing the singul Kdeign metod wil be cons ed

followed by a dot desui*io dIe LTRdig

3.1 lTa
Coadder a' FDLflsy

I A-Ax Be w, xEr, ser, wIt

~Y g + Dew, y er

- Cax+ Da, Se If

(3)

lII singu apprch takn wil be based on the sls in [16] which is avy
geneal appndh, main particl it does notio mya ption on edied
fe dtlough-lm of the aWd prom (the fou blck pr ), - it ha been
d&m in ote appcs for M e (6. lbe geea Wpec whee oting
is _suied aot ft D' maies is no5m laurdtlos ft inguw qobs_h,
coetray to te reguanrIpce, where t S fedi wm hs to have a
speia lInhneMCcny prelinlafonr ft singa K method will be
istodared in ft folowing.

0w design prbm a folkow

ibKs.
Wesamw w y> 0 har been giwvnWe wish to "eSmg fpossble,am

nN AMUzLn FDLlY coevileua k(fly =A AN St S mom q the
rnang cloedlootop $rfmcom from w l z its er dm.

Note dat only mdbomi wers is olmbed in ftK cM doe to
ftm fouem

Faw, he's dem th folowing wnix fucie

A?TP + PA C%4 ,-vrr Ps+4
BTIP + C D

(4)

AIAQ,QAT +BE, , T T Tmg

Ujy/JJsQ T
I1

+D D 0D12
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14YJP) - l-A-YT"M* -

i(YA) (a - A T'QC7

GO) C2(-ArD+ D, W) - C( - A)-'E+ D

3°.

a1_ 3o
Cauider a sysn Z wMich bs*As--no. 3.1. Let > 0 be givs. Tim.
athe: s a FDLIT caxvvfkrf a - K(s) for wt Aca rmfln chuoseLoop
sysesu lwateUly aS*k. aSfiw wthk the US(rJkmCUfrW wfslshaiSC
mm wailraed . V'o only /film" edit?? 0 ad Q kt Of.r wMch:

(1) FQuFP)m[4Jx[Cu D,t

0)~~D

(4) U(vTh a H(I) Jkflyn. | . v|eC(4 tnek lXF0(jM- =m&

"~~~~ nmkVo
{e TA

(6) m(M(yfle) J TI ha maH *CC

(7) pM cy
lb ofputi3L 2cbe ha 161 We d ocnIDC s (1) -
it Qkac leh bqt, ad my P k 0 (1) wE be cald a
Shi loWie Qmsik h" mtyA_lagay wet ca (2) te D1d
Q-sk6MldEM ky ad aga l aMbd it it 1)d HattiE
l-eiy my Q ? 0scmS (3) ad (5) ntt a
wIshnID the Q.Wk ai eqsty ha mips ad it IdS at (ad

JYfotwie Dud Q "Sk aMbpsty with (4) ad (6)). (7) ha atS
Kcoqtgi. tdh imh(1.

lmb nwwt13 give hit blewe inaritit
auriccatwoeS ohal iT.LoPm we wit nedoi fclowhng
a

4 - A + yVB

.NA.- B(I-4c4E

where C,. ,EDBsd giveO by L}m 31
WeAdsf btae&,flue AoCs, %ie D,aa A,xC,,

4 ad 3 sit fat . -nmm it itayis L Sf-Sg be

loMy M in kp cbiamover. only *e EL C D12 d DuB N.E, wl DTitim:wyalgske es ys E1
U-

Now de tWaeay ,

(vq A + svP.o +

1YP CA xI Q DQO'
ZI%rCv% lL%Q

(6)

lbccdk betw itheiial Sya Zad it -c-Isd ajesagi e.
is6 eb=:

l_a 3s
Lef a wtre conrle a- K(s,.Tha.aj*dqaf
eoWlSet:

1m. SCK(mm< 'g.
- $S4w_wzkauflypqe 2,Mi Km

hivniiote d _yNc ea ce. comiSe t dasd
Kt n I m he ulo w we wt coly lo* at Mo-udwt abwm bond
mS_a, bisc a ync Sp m existaw chtgit d

twitaqsa el'Mhimigdwqa waywalofS

w0 it a,a3Soma.i.ML

LoMAps. 3,g* nAC,betatia . La Lbe .iAM.*adc.tscmAmA, +
5,L is ksaw NW MA):.

K%v D%LX4dS3-A 4Lv0 a

LaM beem mo Lkaa,mA*LW4i,8 + MCI,. isaJ" mdjbter:

(O)Ni-A4,-MCL,'Q0,.o*IE%)L 4'

*we

f a w4W1A3PLLDPqVARLII
7w.Me comniaer:

a -L( - A,A - B,4. (9)id
. k K ow *rfdW s dn ra roW$rfaco wailezr st y.

Th'ipi ThmI.Ais3Aho bern it migi 34 aK
paSs c two oh-Se s INw a be wIvd by wet

km umod,-o eg 11671n A dmgh uici yiofitsqpoach
is Si is 1141

a=L
TheLTRdeaaei dbutwbieshflhcebyDoylcsaSLch(7

a a asoUw - pim6aih twSd-e cSuw-I S caAe.
Aftawus, th LTR phabcicha_1dewc h ams IwI I aeCe.g
j4.340,1&1919L

The LII dsp dicahs of twoF. sat, a tss ascs
pin ous d a S ihat di alp ws sitS

Soa a
d_ Jmi / "p (o_ y

a 1MM _ob od wA _
be&d mw dI eus i itd n by ha wevesd- VA u
p_thsait fi byo (dt LTR is).

lblivia twiplhgtwo isp dSp moo,6 ha dit cxn

as.rwl! p it-dipap r it aicn fAstut ha free Or*

fl me splat a QAdo fo dis oeauee54
=so Whm isuhp hakmad hit LIII ais, i ccaiim
-byitsWb w I a) is nd in e Mopt di fadoap
(bid Sue b.nopa how wAeihwagm).

LAesapply it LOR OckSips shdod forwit camfwdsSp it it
Sd bbIapml! h (3) Its, itde itoflhasm hixadna ha

adlsc&Le.C, L,DO0,-ada( )flhaaSK (s)iYFus
d _lbiallop In mao twam h gi by 0.4*A

0=0 as (C + D=PW - A - t ('p

Sued it LTR I" ih paI'ed'w in a d)sha angler K(s) is duiged
so1 tdeds ) wmts by GJa) -
wsem poshl i aSOb urn Lbhg yd J31(m
mam Se hoA a _Lblat Lit dsp pOles.

PeSts.5
Latdba e cd-selop raVWfwSs - tef5*-o&Wr-rfamcdoa be
ge by G(1.p) and GJ), peOmly. lb ad-lop reewy err EJ() is
dglne by:
3Ja) aG0 - a) (11)

PME.fptuik. aDLFM7cmpWLW'K4) wuShnSflsaiflle mwn orALte
* sJek mm afar eemy Ads) *w Sa4a e*d InS.

2M2B

(9)



lb rcwvery cn in (11) has th fontdd
fm block atop (e fig 2.1):

Z e I r0 Al [ B l 1 8 1 (12)
a- o <^ ,

*D5 qjAx-D,4
Wit1h tis e dcrmkn c be rovey erofr E4S), cmona desiged
by 4or a k cmmmucdybeymb&Td h Cu dafe
in [181 wimatemiiy d6tekd-k Yww derydgptS has been
mvdaLbyW.ledada_ Lf gpmvtIm beinftifl 33kM
So _be d in 4). Lams _ Iapp aLae r
by, t:

EL {8i .2 H +Py (13)
L' =Rzh+ Vy

whee Ow L1ceberger nic J,Nfl ad V bha to sfy:-

A}i) c C
TA -' .- (14)
N . B
P RTVT

formmon mcix T.
When di Labegeria bad crolercis pd, di rwovey error in
Prim 3.5 cm be wrien in a mor convenient form.

Lem 3A.
Define

Then

EJe) a GJs)4s), G14s.) - (C4.DPXsl-A-DPY'DD (16)

Proot See 14) Lawn 3.6 is age o te coud loop rwDvery error
Factiderived in [13].

The mrix valud fection MVs) pas acy wai rk in LTR desig
of obre based coroess [4,13.19). Therbe we wig refer to M,s) as the

Using the recvovy ero desrIpicm - in Lama 3.6, we get di
foowing cana resuts
Len 3.7.
Asum tha GOs) ha full row rait for ablost ever e Cand let the recowry
error be as in Leuw 3.6. Ewa recoey. i.e. EJs) 0. is obtaind i and only

M,(s) -O (17)
Fw'*r, asymetc recovery is possibl iand only (for aul g> 0 there aast a
coeo&r CJs) sch hat:

P..Ss)IL < £
or eivey, ifwapd only (for aWIt> 0 there alasu K, such ditt

eif1-oc
I.&L sedherIk orl.IL

(18)

kis ,ntombm s LU in b.eoin - in
Piti 33 doseas mindeie a M a dove LIRX rusinn
bmd onLaaw dimes.

Toce beLTItpb-- c*idely, we wI qpply deQ.oervr
1131 whit givaeS mdig mcy mr

Ms) - FW-A-K4r'P.KD,)
* Q(*)C,(i-A-K4r)B.D.,)DJ

(22)

whee K is a vm awe Gusp, Q. Qe UX.. is ie a to be
d_igned. Tb smvey usei in Dcfo. 33}-th iwi fl we famE

+l;° 0 +KDnt
AB.KC jw IBjiE K0 (23)

E3
. 304Di

a D,F 4 + D,a
lb S ReveLIR dedp piti us Sdpth wha e.g. 54 or

C opuimizahncm be qpbd Swdy. Hower by wg _ s

alSes Ed -Y - [311 The cm be med btofo i g
coaqPr puas for.c1g be LM am ddor g b orde
of the fina LOIt ne

If - tM i. of (23) hm been doSctlydiefal LTR
coso +(lers will be ofcr5 2+ a. (a fu-order awe + Q(p)) Applyin be
-foctmrein(23),thftS LTRaollrcbabed tdobeat+. -iSan
ny ms [13,18

4TTHE CACSD PACKAGE.
Tbe MATLAB CACSD [C 11 is duwibed in die folowing. Flus

the ccw ci sthe dmhp is Meoowd by a hden of the m
fIwu.- included in theI ipum skuge

4.1 The Progra SU
Th pr ptagm i bWid qs dshdrdn f acios anMATAB mgett
with mo ww .m factions vig mome canAl ' ls-e.g.
Qedatiuc hbvixz ais Riced apsis er Dm4 ontm a fanaka,
me me - nfatmam deled fo Wving am

Ie.gasSQLTRhoir LTh -u pmtoiS rad dmgaheS4 ad
34einr. lb cim ctSOmishapad it's.cnc wit MATLAB is
dwmin fig. 4.1I. Noblds bat 6c gacdlad lh facto we
dircty avi*l to the usr.

The m funcD in the two boxs wihebribd in th folowing two

43. Geonera a Fiactlom.
Th folwi ansa a f;cton owa in Ttl 4.1 -n deived for

te CACSD p

fatm miic

b2norm

riec
uinc
qnW
bmo

(19)

ProtLa 3.7 isnivWby dheving do 4ms) doeoly on b "an Lr
ad de towr dsigp F. as ofieSbewr dsign.

To obta a - reaSLTRdeipp i in Loans 3.6, Is's
a PDLfl s~n wic is left invetibl (a r wloal Wrx) give by.,

W() D, .CJs-&%'3 (20)
Ituin 0-f1I mmcdotI, is mbt ad dcle. Now we qNapl W(s) -
a weg fWAmforiMs).

Dam 3.L
LaM/s) be be rocovery amms wrentg a gSven Labeger obrew
,b=caoloC, ad lea W(s) be a ga'aafjbdoa asw. Tren w defin th
(seaer) recovery enr E(s) by:

-Wa in't

3R-

X_DtPU---a.-mtiaok
TOaDy mwinga QUI

LupSWU
~ffisona
AkmsDi-imDhekMOmM

T 4.1. GemS fw_ in 1kpkag.
lbe f~ ftr( - ct~ - be aplisi to Sic mYfl

bibced byXw A~(A.JSB.C lb factic ao S6 Shy ofL
(A,) ad Ow ouw tulty 13 of (C.JAU k Auby

SABS

AL . LA, + -0.gO
AT + L.A. 4:C4 - 0

The Xr,a of G(s) in b Ov by [616:

qj)d aCJIA) m- m!

with 0.(s) - CJsI.A~.rIB,

(24)

(2S)

(21)
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Tb tmanffl - SK aamMac
byE(A,3,C,D)blabuScimSwm*d hiN 2M
Me *rkba is a

1)
2)
3)
4)
5)

6)

calia- qp ad a kin boat for the Ktor.~ I, y,.

Fm Ml adcicnleSf SlM
It 14h7sbmgbeaiy ap,bsy yde y
If (Y. - i) > 2fr VW 2
aw
-7-

wh, 7 is giv by:

<M%Y -g.C5D5tU
K - D,'D69 -'.I-A+

(2U)

Not Se ybfisa aO aiv musty Of L I y d
k_e a for yi S I - be calcid - d g v
Aerher d cbe toad in

Iotheric. hfai te Rixati endo

XA.AX.f+ XR QO (27)
is wived otug k com

in tbe ingic.. fsionc t soluxion X to be *Alwig Rxii
equw:

XA.+AX -X'P -0 (2O)
masfying A - BBTX batte is enkulad Itb miedC_that A has no imaginy
axi edgevaloes ad dlt (AB) is a lbpl-. lb soduon cm be
exlicit by [181:

x - - k(29)

whcs 0, is the PrzImodltlfty QS of (A,B) mad JIils& a -thogond
pojectiammc(At S (Sa at ei rs a
A. Mm sg t_ pR oW e 3) mews hi LTR de_maios 4.3.

Two fawhs (am gined am-wfoe MMdu *w cs, D - 0)
annab fr l te shalofMS QuIdcbmrqa for
qsyaei I:given by:

t-Ax+ N
BNE>r,erwEr (30)

ti C.+ Do, s eW
at Se S oig be enhs -sde

-kC1p * p (31)

(A+f-S'TPjBC,D, i a S -. syfl

lie positive ei'Ibituol forbeQorabic Math ilhty isdeivedby
- S igoridm in [121. fy>Oh be seined mOmmii dsSX cma),
me or - M e c sib (31)m am be Sdswhich wil be hiSsed
byS*aoZac

Facionfor bagp shifiig bad -n Se qsosm in [16] an
hiplmiead in Scre vau- dqmm Mofa orbfl S diSm dian

in D (D,I ad D) we mm-a

x - Yb 32)
Mm fdfl is sd fr ca oftcuhkS itoed a Zq had c

mAdso 6cS Wksic Meit Inequity ad St il QuSci bUhot
iS bas of i K s

rhvve wiing ort
(ADOPs). La's adder Sc Sm e uyf 5S by:

:
A Be* Bwiewr,x ,er,wer

z - Cz + Do, z F li
The ADDP for bis Serums e fefste - uAFish at

KC+.D]PI-A-D-P4L 's

(33)

(34)

where e>O uispecified.-
b ADCP adi an budS do dMif _doh fr desinp S

as bsdk* -W F whic mf do -o hmpahyhoir(s34~The qbpd
116,20,21] k dimid bafd goeS na con only mharnpe
syam, although of b is ,b pofle macs inDt solv S ADD!' for ne-
akk as myfs, [Xi. TeMo no isldt ath ADOfstqywkg ihi F4orK$

4.3. SpinaW Fumela
lb bhphick afsn Wyp of qiechi a faction whiuchun

Used in table 4.2.

Tnouisifwonfa}4 oWX ed fu 4o

LiR reiad fwnios
lander hon c _cohaion

Tble 4.1 b categorie of speia a Auctio.

The am fuco in the fou grops awe sbtutly dScribed

Tsm group offcobnhaencmacedas a compomis between
gemalky offt , the need fowspertic ime io ad a ac too Wg
nAr of functio. For reducing the mnbe of funtios the IL ge
obsw has been qied in every fucio as du cotlea, eepfin the
factions for dpgn of specific conrl lb uslato facin take cre of
the c Ofculation ofthe Luge matries fora vrisy Ofspecific confhle tyMs
Faction fr the foDowing observer-lad o s baen drved:

Fikrmder obserm4medbSco
NRn*Wordcr observertased conrtlrcdk
QMob ded a
Foi-orderPiAserver-lmd codnroles
MIhinia-crder PI observer-band controllers

Bdci matices fo dhe noma wad te dul Lbsae i can be caluld
[13].

Morev, me fnctis for calcuaing discr-ime syt hm
cosiaoo-shne synmad vie vem boedon te Totin i a nSm
bw*aded.

SC ad SC reMa Auctions:
Mm ad 'elatd funtio is oat oi the two main groups O eci f on

Diffe fuons for 2 aK conl design for the fo block
d Sopdentedin (1) we avilaie. In both the 54 adK casewe have

faCtion r taw-feectCk, i.e Cla1 D12 =0, forever design ie. B a

I d Dr - ,ad for ful-order obser derip. Faher, depedn of fte tip
pioblam, f6ction for rgWu desig (ie. the de tems ha mini ru).
siigut designd for lly unguw de (Li.. th dire r an zero), an
naibe. In the singolsce (genal) ca ter is no conaticu on th direct
was, so the singoi case iluethetwo cases i cses

In the rega Cw. the facn drecly giv th mai for ate
conoers wham in te two othe e ds,h mats for the trsfonned sytin
;ancwue Tbew Mimes for I,,~cm directy be qaphie for the ADDPs.

Tb g-eS ADDPfcio cm be med&ecty in the se-ta weed S
o_mvwce. hI S -order coaee ca, ADDP fihs band on the
SpawS ADDP' bmor, anutihle hi mvay 54tp famctio, 7 is

IscmdwnC group of isiSteLT relied factons
am fa for both chisical LTR detip as wl - r SX45 buOd LiR
f wedan iedt In th gp of cscl LtR tipmc we bv:
LQJLitRdESAitR(eige_eagambuewdLt[191) desig fr bo
fS.ord weaAaforakimare--buWS4rlr-Fter ,fWEdP
r LiRtip at So -pa Ses_akopkfl"poiac avabl

InS p Mof buS LItfaR ton, wehe bot fatio Ar
Lect - wel aAin LTR dtp Dy de mews a

cydmitsoneMS recovery saut (asny Ar obmer-Isad canis), wha



ect LTh dulg h - of a yet inn am, [ISt lb
lnavifll forSXLThadKtThR deipmbebmih an Pictkm3-5,

ewh tenOr type isoqmcMltud ad ters y mar it Deftione I1
whoc aherver-hed owstr itqyGlewd.aBr,LTR gp mdcme
yacht choie of W(s) it (23) we i i Theyet LT fc
we: W(s) a L (inded dgp) W(s) - SnL(s) (psasvh oay) ad W(s)
00,j') Omu-ow -W Y.

As m IIe shin, be nwnctoe in Ome 54 ad Kc LTht pvbaems we
Wed it te herg be mberofeicioee ad moe

- he - - ptir&pubmu for d e n lwprn-
or K LR degn basd eok nanny aer it Defdikm 3.8:

Bs) - W(aws) (35)
- be rebiced to hid the sosica to a n'th order Qudatsic Madx bmecpmlity

w { : Cww + D,Aq,
d e.maiDt QuadwicMixIreqky for i (23) oforbe n+ n.

MtedtntheQ(atirMali lky heorli,s~itde pendt of ywhich mm
dss solvbilty ofcim cmieqon-11mng XAIX pmblem depend - on solvability
cIe Dm1 Quukic Matix Iqwlty he 4 Fatma if D,, ijtv, ie
Q&adasi Matrix Inequality is eqialentA with de singula Rin eqion given

AP+ PA, - PB(DD-EP - O (7

The "sSic4eed p R in the Luenb obmwed (13) cm always be
delmnbd - [181:

R=[F[ 41.] (38)
whe F is the feedbck and L2 must sisfies a n,'th order ADDP. If
D, iisective, L can be deiednias:

I., - ~~~~~~~~~~~~~~~~(39)
whih soves the DDP exady.

An equivantinhoo be cbimd when the 24LTR
design pzobln is bOd on e recovay ermr it (11), where te conler typ is
Wt q 1t s is id tme im of the nffxtiosfoh this
LIR qpmh.

Theomtpsmn te LIR m factons is the coaollr nmkrc/gins
if they cm becdlculseddfeciyM y(i.e. rergnhrK LTh GA.43RI a.), Sr
the ti sfomned sym mericts so be qupied her the ADD? dhug..

In this pup we have facin for calubting diffwnt afer
face. Fathr, also th maxima ad minimal singular valies at specified
freweciso am cak_lcusd. Spci! fnctios we derived fh ciculsion of vaser
faults loto.L dign concep u eg dt rinvery matrix, the
rvreor, the t loop, tm. fulIl-oop vaster fation ear

The pateed CACSD pckwge fh X4,K ad LTR desip is based on
tim sk gtaS4X al;w byStOorvo [1671n In [121 a_naal aRy d
ante ootox m en en.

e ron Ie p C is twofold FM it is naual
to sedec bhe sigur wOshm be LTX d otien normaly - rse
t inignlw res By - te muguw wohPI, we avoid to palm the
systm to make it reply. Secoadly, frm a anmaricdl -* of view, we we
wiady siBs if we cm fimd a reasnable sodon by using *e pertattion
nt q. 11 can bon St ws dr.th gulyr pablem (at teadlskr) cm be

soved by sig tMe eac pritopieftrai a theretica paint o view.
Pwim, it Im id bee du d he sosc he th coaal patIna will
cv t s the soion e eqivalent fIC Mea Inequality. h1121 it

has bee -Kn hiowever, dun i. aucclpcl wil spoil thscnegne
Mm ma ceclm of our work, bods it te c - wel - im

practical (murici) Imuch [12, ist do te si_ quronc -I alays be
qqied whe deig poblm is sgu.lbr chep coadprl psbond be
-mo only when Ue equivalent -r ylmeial alortmswed
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