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Output Feedback Left Eigenstructure Assignment

Considering Controllability and Disturbance Suppressibility Measures
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Abstract @ The

eigenstructure Hf a

control  effectiveness  and

system. In this paper, a

disturbance

control

mainly
algorithm  which

suppressibility are governed by a left

design uses an  output feedback

eigenstructure assignment scheme is proposed in order that a desired closed-loop system has the specified degree

of controllability and/or

degree of disturbance suppressibility.

To do this, a modal and a gross disturbance

suppressibility measures are proposed. A modified version of Hamdan and Nayfeh's modal controllability measure

is also presented. The validity and usefulness of the proposed measures and the controller design algorithm are

illustrated by designing a controller for a third-order system as an example.

Keywords: left eigenstructure assignment,

controllability,

e
A8 AR Azslel S4e 1 AsWe] naAe 1
folEo] ojafel %4 A9 AwrHom wge 7h3
Se AEEe AsUel 1R A0 skl AFH . wgel
Feje afuEe els) AMprErHIlL ol wfTE
0L B ) 2H T Aol
- Q

—
}_;}
-
PR
Nt
T
i~

g ojulgi} of
o ek g

o
ol
-
~

|

. oft L

=
I

- 5’44"1 E]
A(decouplability)& A she=(H1-[R) wbA =3 TFTL}"_‘ A
ozl FapAQl Ay T 4 ol¢he] oHHm UHE #
As Fa doHH] [12]

\I(mre[U]Oﬂ 9ste] Ao} 7pyE ME s A|2E 9]
A2 AFRE oljel LWL ]7‘“‘1 g Aoh= Abd
o] 2V E ojgliE @ AFAEe] faf e el A
-l ot FHIFTER A BAle HTolAor Al
ol Mol FHifguwEe] Agte] g whel3] &3
A= ok

#H g FaRTFRY Alad JFelA g
SN e B wRold UEnA s w1 Yo
ated o2 e 29EYdg oldsle AHolrbgdtn
HE/hE A% ohe Al Al AEE ek

2 = Ax(D+Bult) +EAD, (1
wWH = Cx(0), (2
u( H) Kv(t). (3)
(i) x=RN, uE=Rm, f€Rn @ vERr= 22
oQgr 9 FHEWEHE

L
k “‘

Agg It

I

o471,
Aol guwa, Aol e,

(i) A, B, C, E ¥ K& BEF 43 #& 2 44 3ds
24 gzt 4HE z9e A ebAMe R (i) rank
B=m=0, rank C=r+¥( ©]al m, r=N.

Aol & w2k o/ ool e ) Al=vle) 9gg =
B a7 2L 008 wou *V‘%ﬂ ¢ Z} -39 E
ﬁ—{m 4 1995, 6, 7., T@%}}i 1096, 9, 1

HAgl  University of Southern California

ol yp ¢ M&hEtn AojAl Sy atyt W spE Ao BT A

it Mgdttn gye T'r

ek o EA ek o] A=

6]»1]- u /}Ig‘-x“o}J—Q o3 4= 4 E]
arstal o ubE A o) B 3ol - Al E]

output feedback,

rodal disturbance suppressibility measure,

modal controllability measure, gross measure of

gross disturbance suppressibility measure

L2 o]lFold zHY) E (@) EEEHE(right/left modal
matrices)g o]-gsle], Avay oga o
XD = 0f et (U Bu) + WTEAD) dr. ()
714, AT &rHE IFAER T4 g ook
$H Dol A & 4 ilc(’] % "d“" ”.3_ E9] 7+ ddlg
E(column vectors; el)o] Fu ey yeo] 7zt AWMES(¢1)
’Jr F=2olH elghd *l"E#M e H g0 AEFE mR|A] B
stAl v el R, HHHE(¢DE WEke] Ao
A= e Bel zt r_“-‘lEia(bk)JqL HagstA = Aold
(control effort)2 713 GpH oz Al&e]o] JeHpod o
gE 1eEe, dojde FRHon AU 4 ov
TA 2]TE AT ¢ U LHFRE A A
=, A2zl 9] Xlri’v"r“ﬂf'ﬂg:? Ao qle A= Be 2+ Iy
HEY= M3 FaslA sln S—AM 91%% Ay dE E9
2t AWEHEN S M2 g0 HA sl Fid £3nE
Ao E “filoMOF ot e, @ E W B EWES
g & A Aojge anAg AL F
EX gk oA l5‘-—‘1 51"?“3‘ FEAC AL £ YEE -—"}'l
FEE AAshs 2 Brbsslth gebs ol#3t -
= 99 ?— ixi% o= AL vl T8 Fke] w}a} A 23}
Aol & Aol o|yd AEFS sty
T RBE/E HAeld He 9 ne/E od gt
g2 A3t 7HE A *ﬁ?“l JNEe g Abeth
H{HTFFE A HHXo HsA AAH s}
= Alo) 7| E A 51‘34 a719] Alo) A ef B3ldhe

w
H,

Aoy el EHARQ) HgH e oA 5L FAlo) A=
| F3L Al 2=EE AT 4 A "ol
Zhang 501012 ¥ F<9Uuniform flexible beam)<]

15 Alo} Aol A Aj2elo] Qg vlgzsla] ge <)
1 2 9akg oAEly] 98l Alzde] HusgTER AF

1M AFEE Al bl 9lon) F8 FEdol X HQ 9
F7F AR en11], Kim# Junkins[12]& °°d%1§%94
AE Aolg 4571y wiAE A3 Fgogd fFd7x
Al=E o] iAol & Az e olm 2 F 3} 7114
Haf 27 899t eyt Zhang 9 dos A
ofg] Hghe]l AHAGL A N 3eEA gdetoen;
Kim#} [unkinse] dAafolle= 2lgd oA &7t 15 x &



72

gkt 8 Choi F[41.[9]2 -r]«] T A Aol BHEE
I Y
Sylvester W A4 2 gF3 ﬁu‘ﬁ[?ﬂa o] 835l A

2 Akt
Zﬂﬁ% ol HuHFTE A MHEL 25 AHEY
AHgskar el HAAHR BHNAM B 2FE e
FEol o 24 7hed RS ofvmnz %Xé 7h5 gk
*ENHE o83k EHEE A 93 wHo] v
slth ol @& Q) g8 pEFR AA
71 b wol AtsHol gh=ol[14]-(19] Kimurall4]
7P L 7]Rke] H9ler, 1 & Kwon# Youn[17]el
dibge] BF S¢sn durgE e 28
& ARgshe ol Aeee 2% F ¥ 3
—'?r;ﬂoi A sz wWvke AAlSt A 1
= YA Forth
l\Sﬂ*OﬂHL Kwon¥ Youn[17]9] €13
2jeielol o8] 59 mEsl avehe
= ;a]r 9]%]- 041-1]6:]0 L:A]o]] '_YE:16’1- 2= ol:
12]ES AQelt ojuf 2ol A
Z re/E Q¢ 7}C:];<1]H
—E‘ A} Eo A A8t} _2?_
04 B =FoA zﬂ{}o},,

R R
) _{
i

ZE L8 S8

TR
22
:Qr

£ o
f>:

ob 41 My 1o 10 % E oX ok o
BORN OB 2L
10__%& i
—>‘: )
B
m{%r&m
ez X
Hél“ﬂ o fy @ afy

i g ot
o\r
1
2l o o g afo

Jo
al
P
2
o
rﬁ
H

Dt
)

e el el g3t o] Aol Uk
7 Tl /1+4 = 94‘34 2 oJ§% AFTE A
2 wEolA Ak %)

el BEE ALY AT B WEE Slg 7o

xw A% dse Azel AdEch VAL T
gl HAE Aleld g A oY oAHe Hi
Ael BN BA0) A2 5w e A2 Hn
frE A4 dndEs Aat B dndEe AYsis
A AF VAol thELh vhAmow Vigeld Aee

Pk

O

W = (A+ BKOx(t)+EAD. (5)
deojo] BAs I A9 94E ey 7 g B4
M2 FN(conjugate) TAOH o]F ¢
(symmetric)"©] } g9 o}ZP a8a BAagE ?“9 &3
A A= {a,, Jdoop ol et O Z}
oS- 7;:% NS HEShe %
._TL

4 A1

o
o
S

zd X d=
dili=1,,ss<N & 49

it

o

olejgt FelEg wg o, 9o HFEZ Alxwo]
dl, o, d%) Jordan EF FEO] S s 7HA

A ohga 2ol HolHe el dntstd e e
‘” F Al 7 S A FEH20].

(A+BEKC—Adwda =0

(6)
(A+BKC—AI)d; =41, 7=2..d,
¢l A+BKC—21y) =0
(7
¢ (A+BKC—Ady) =¢ L. j=1,d,—1.
A7IN, o, B ¢ E A7 HRE Al (59 duks)
R L= h= “7°~?* A4 BAE A5 9

NE ©F (DF FAG] BEAE
K& T&he A7 drh
r,‘i:,l ] Bl Oﬂ ]61 J7

29 Y o5 Yu

TF AR EAE pFAEHos 7)

HOi - RSt - MBS ==K M1 A KM23% 19% 12
F3p] Astel vhet g WBEE Yolsia

@[):[ @1, QQI e, q)/,] R

W= W W e W

v,=1 orto Tpins o, v,

ZU;[ Zp+l‘ Zp+2a L Zg)

A7IM, ¢ = Nxd, AYS 2o FRLEA 57 2
< FHE A, v, W H Z HEEE €2 FHE Z
e

:[ ¢11 12; Y ¢z'd,] .

Ges) BAE OF SRS 2= YR e

eiol W s nY ol wpre ARue 2=

AsA Zleskar Al

Hel 2.1 [17) 3;15]:;_ WA vexsz A" gt
FAe vgH 2ol T FEHY ¥HE =
A =AU A8 A8k ofuf Z4zbel REFE vt
2ol Ay = fiy, o, dh B Ag= (2,0, A, 2
TN, 27 di= ol zf padi= N—r9l @A
;}—EE}— O]—EHQ,] 27‘]v_"?‘ U}F t ¢ ‘;l! ¢ 117]’ Z}-Z‘}
i=1,, pij=1,,d B i=p+l,,s;j=1,-.,4d,

of disted EAstn, hd /RS HFS
7b Aot 71 skR).

D #]o,=0,

2) Co, SHASFCUl rank)o] 2

A=A i uA 9

Ai= A ol W38t

T ARAHE ¢, = ¢ pol AYEY ou) & BAE W
ok ghok A7M, HHA e (2)e] FHELF
v FUHNE S ovjgic]
b,
[ A*/L]N[ B] - = ¢5;‘~1,
wﬁ
¢'u
[ AT-AL 1 C'] | ——| = ¢,
Z,,
O]ILH’ ¢n‘| = ¢'7’a’v1~
e, HRZ A2E (A+BKO)S ARAES P
3 A9 HdaEH 2A Ea e (=1, --,p; i=1,.d)
D¢ (i=ptl, s j=1,d)E USdhe Yulksle
& 2 ZAusAErt HA ste HHY o5 8E K &
zniw}

_A_,

] Al maw ¢ 3 7«1101 dHe F(m) B =
‘*“M Fmel mel Ayt ¢ 2 HuFAeEe
7F AE H‘LE}L Ae & o Asd o das AA7bE
T OAFE 2 DRHEEe T°ﬂ 3t A+ Srina-
thkumar(15]2] ﬁJ}Q}E %ZI??PE} B =idAe o9t
o AL olgdle AAHIEE BAe %AOH et B e
oA Akt Aol d o 91% 7HlAE Hx NEES
Abgstel zb HagHEe g WEs HAHF YFozy
Az Alzdo] vlg] AA R siAold 2 9 rpelxde
71 F RS 3k Alo]r] AAVE ERolrt
m. Zpdiold 2 <= J1d M =
Aol gl Ade Aol ALl oAt glo]A s



Journal of Control, Automation and Systems Engineering, Vol. 1, No. 2, December, 1995 73

+

ZFa35lth ol HAFE Aago] BY AHFS WIS
e Aol HHe 2 {79 U d-E] QU7
Foloh. mlabrta|z, 9 stejAlg ids= 9]% e 1
(DDP: Disturbance Decoupling Problem)[21] = o) ¢
# FANDAP: Disturbance Accommodation Problem)[2:
He 9l EAslo) e Aof FA)e Fasit

ZiAloi e #@F HaFE 2AUES ov] Hol dHA
2+=H[201,(23], ©15 & PBH(Popov-Belevitch -Hautu  s)
AHHE AEHont Al Al ((rank testo] Al2EY B
P el R = e | I = R i i R | 0 - R
23k ojo} e HEHQ 71EE B shAjolAd AR
A Fog AlaEo] drh Aejrbedt Aol gk YR
& 4 gtk A2 59, Wbeam o AF EE Ao F
A, 2%7)7F We] wS(node) Yo A el SR
2 HAEo] 9% A$E PBH ¥ AlgdHes 74
oS AFs| B Ade AojBErts (un(()ntrolldbl( Yo g
AA- " a8y AE7Y YAE 71EY wEA gy
=22 F 7Aoo E oA AlFE) l?i”i 111017}‘5 con-
trollable) 2.2 #AHH0] Jolrt AE7E =25 ¢ ¥
FHoll AajAFIHE FHA AL WS Frlsle] o] H9-RG
o e oUAE HoF Y & s oz A
ek wEbs Zhajo]del tigk AFH HEE P H

0 — ki

1
LR 2 E R

[\/“"r

]

e wo a0

a7t o, ol Hre fAFEES ol s Aoy Al
AHE71e) X WAL {1 gA - AU
olgig sHAlold He pde 7]Ee] vhAlold e

Z7A%(condition number)*t Moore®] & A3 (balanced
realization)(24] NE3d= HHS #BAE A=, o9 &
o] tokalA H¥E 4= A A= Ade 11 Y P
e FEshA zb moghe) Al vhalejd e e
ek wE e JepdA "ok

uh bR o] 2 eE TS M AlAEA ek
s o), Aage] Ao} oj@s gAY 5 U A9 A
E24 g NdAAde ggHos Hog ‘ﬂﬁﬂ" 24T},

t}5-9] 1™ M= Hamdan®} Nayfeh7} Aetgizl 2=
Al HE[2R]E A HES e s Hm
2 7ol HEE AokEiy], 2™ e = 9je 7
AAAN HE 2D F A gAY HRE Feksin o]ygt
A 5o MFEe s AoA s FHuaFHEHES A
Atz Y5 7HEA AR 71Ee2 gEFHY e, A
 HEFE Aol AbHe AAFE hAlld 2 9wk 1ol
A4 Ax(degree)F 7VA T A& #R1EHV] f8te] ALgH
c},
1. B= 9 & JiHolN BT

Klein %[26], Viswanathan®} Longman[27] % Vis-
wanathan F[28]-2 438 A|2¥]e] 7Moo A 2] A X (degree)
g fA8H7] E 7K WY ES At ol FX3)
g = Qe R ES ARslgn B =FodAe Al 4
3E B 7+ 4o AU BE JtAojd HEe) whdE
F AEE Hamdan®} Nayfehd 2= 7pAojA] 2 & 4
xhs} WHaEE HTE A g

ok 3.1 1 = Agle] jui gl elgk ivA ‘?_\:/]
27l R 7oA He e i:1,~~-,N; j:1 m
o sl th3 2 Ho] Aoy}
—r i
wy = (cos@)lbll, = J"%’JT%' (8)
ol : 99} ol HH mx= FhAlolA ZHE+= Hamdan

7} Nayfeh[25]0] A¢HeE A& Ao A& F= BY 7t g
o] @7t HAHEE T A IC} weba] A 319 5
B A2 |pll2=1(j=1,-,m)o] HHA Hdmddni]r
Nayfeh7} #|¢Hgh B2 7hA| o] 4] ﬁEQ} Y 2| et

Mot 3.2 [25] 0 BE Qg0 98 MR mreo] 27k

F 7MY HE » e i=1,
o] Feldry

-, Nol thsto] chgah

e lelve=— (9)

2. 2= 9 & 22 MY M

Qlgto] g8l Alawlel g oA EAE F7] 9
st Hed Re T A A 9 F A s
HEg 2 FolA At

Mot 3.3 1 & Alz=flo i R ZEshe pHA

oleh qlelg Azdlo] Adul} olalalis AE LEhiE AR
ql ¥= gk 7HdAY AR v e i1, NG k=1,
o tiehel et 3ol Welwth,

i = (cosralledy = -’”‘ﬁi (10)

A7, v, T AMaEe WA #HaaHE ¢ v 9
Hdel E Eol A AWER]D 9k o] F Zolth
ZF o9 99 AQF 33 pA P 1o e WA
neol 7lnE oe oo AR wASEY o ¢ ¢,
9} e 7} ol 2Rt ofUel g9 AvlE S Wi
the ARalg o 4 9ok 12]31 ¢ 9 et ME £ ol
v 0%k et o) AL ewE oehe @A s o)Ay
of MH B Y& ulxm ®ge ougith w3 9
Hellal ok F gl5tel vkl AEFE el oA AF
& o 5EE on s
ol (n~n) ALL

—

2 then 2o g7ud Ve

golalx),
V= diag[ el lesl.. fe,ll2].
w3 ggat ol gelE (V<) AU B HE %
3AaAl.
H=(cosDV. (1D

71X cos = cos 7 42 olFoxl= ddolr} o]} 2
& HAES AMESlo ool ol HFHE F AT /1Y
A HEE Aok}

Mot 3.4 0 (119 #E gol xR e f-EFYUt F
(Euclidean norm) ﬂ,—‘?— AlHo] 283 2E ]
el i Rl & o7k A Hme et

o] A = F oy AL AR o4 =1,

, Noll thaled of-g-a) o] ZhdehA EAE 4 Stk

(2
|

g, = H h, " 9y h,— I 7” e (12)

Fo: by nEAE 2E A2EY A
=]
1

2 z ]
(2711} Tarokh[20]9] 7}alofAd

o},
V. ZHHI0IA U 9IEt JleiAE Telsis
HDRPE XY
B AAE TgeIA 7168 39 219 dugdZEe 7]
2% opoy Lol H5H P18 5 sl spela s -

EhEEd Atz AR E8 Oll: daeEe
Ay mebs EomRellA AldehE Hfafte AH
SarelE e A m A zwle] Apdel A E shAlelyd 2 9
A E B Alol7] A Al A areE 4= 9l
Al ok thge] 1-™eME HdUde EE] HHHEVL

a7 7HAe A B9 A E TR EE sk o
FIFH El (desired left eigenvector) @] 4] Hbol] thahed
Zigatar, FAARD #AaugTx A FunEFe 249A

Mgt



74

L 275 JiFoly U 22t JlHAS JiRs HDRY
B 7y
_Ems Sy 8 Y AN At 8T
FE g ke e olgsled RHE & vk

» rank (ker (£})

999 ¢ ;= 2 azbr + 2 Be, .
k=1 /=1 .
(13)
l-:l. s ]:]' e a’l-
» rank (ker (F))
714, 0= a,=1, 0< 3,51, kzlaﬁ’ 121 gi=1°11, 3,

= AEtE Ao e dd B oo kAl e ppoll o)
Sk 7Aool #E vpER|elnt rlAVEAE 52 A
Tad olgt ¥ 3H Eo] A F7Hnull space) S EHE
A dde] My IWE ¢, o tgsle o 714
i I I B o o = A B o I R I R P e T
by B e, Alole] o] 9V} WA P 7t wEjE Q]
Ho & z4dsic Ydolth ol WEEo| ME ddsHe

A-g WAz Frh o9} ol ?Lt* HFHYEHES 2ot F

qj‘:[ W], wlg, ZP‘, W\]
(14
yf’:[ ¢'1‘]; ¢z‘_’~ . (ﬁid‘] N-d -

Wl RTHE DRA Bagel BeE e £4o]
daslth, F 4= 4,70 YAl AR Folzinkn
AP wE dgeE ¢ 2 AnpuwEs A
cn=ea B o¢p= by R Tk olugt BAER
B a7He A 43 47 MR FdELS 30
"W g ste HAFHE ¢ 9 ¢k MR FY HAAE
o3 Wb HTeaYe this ol ARG,

U=[ ¢ntdoi, du—¢os ¢a. . dml . (15)
2. ¢palE
A7) B o=WolA]l Aglals FHAlelAd 4 @ik b

AM H=E 1488 F Ade HFuFrE 1]** daglEE

A SAEE 7igdch B oeaigFolM AEA =YdE

MEES oful gaelFe] A 33 dA 6ol wkdEo] 3l
v},

11 & AzEn g 43he IRAEEREH =1,

b k=p+1,, 50 FHE N, S,

et U
N, S8 A2kgit
Nll [ 5‘11
N=] —— S=| ——
/\‘rgy 5)1
le glk
Ne=| —| . Se=| -
NZk 792,&»
ol glo] WHEL b2 FAS vhEsloedof ot
[ A-ADBI [ SIN] = [ 10] . (16)
[ AT=ACTT [ SUN] =1 Lol . D
0_17],{‘]‘ N,‘EC(N‘W)"”, SJEC(NH:,) 1\”

eV N
D k=prl 5ol ke

ngcv([\+/,’ b O]:ﬂ_ :§A

o YAl 2 =1, p =S

NG RPN Sl = )

1995. 12

[

ZA K1 M2

o] dytsld ¢ 2 HIFHYEHES AL
b, = Sy Ny, j=1, -, d, (18)
iy = Suwbuut Nubw i=1, -, d (19)
olf, ¢ 4= ¢4, =0

o Al 3 A 219 =HE D, 28 =81 L3
FHE shAeld 2 o A H=E W 5
2 e Mgk 318 A 3474219 AdES A&
AGFHE, po(i=1,.s; j=1,,d)8 Asgc} oluf »,
= ¢u7F ARE Al B o d ZdA9E TIRESE
AAEY a8z w3y N9 #A wiel 85ES(achi
HuadE ¢, ke g0k HA Ao #
HollM(m < NJ] 739 IAsAY Z& HEgs] I
(m = NI 2% g}

o THA 4 olgfe] WE w,E 3l AEH

o, 30 ¢

evable)

WE +4%

=3
w TSZngU ]+N21pu’ Z.Zl,"',ﬁ;]'zl,"',d[ (20)
W= [ wyl lwgd - lwul . 2D
e ©A 5 kS A& o] &3ty F4ERTS) o]F Y K
g Tt

K=W(Co,) ". (22)

o THA 6 A HFEZ AA®] (A + BKC)S] Ao
A9 9 A HeE &Ast7] f18ke (8), (9), (10)
2 (125 o] &3l BHUE B9l JhAjolAd 2 o'k 7}
AAA HeE A

V. oiiA|

B ool Aok HEEY o]EE o §¥ HuAFE
Ag dueEe ool dAl Az Batel 1 A
48 sl pe

x(£) = Ax(H + Bul(t) + EA L)

6 1 0 00
=1 0 0 1| xH+]| 01| 2u(d
—2 -1 -3 10
0
+| 0] A9,
1
W =Cx()
100
:l x(4).
010

Qe e I5A A2HEARAS (—1+4 14 -2} & 3=k
I8, d =1, dy =103 dy=10] B} 2ym F A2
HogBE N=3,n=1,m=2 % r=27} Hr}. gy
el 219 ZAitel os) 14y AuHHE e} 2o $af
HEIE AAY 4 Stk

2 dAeMe 13=-20 eI HuHyeE A
3 Aol 2 o7 A de 2 E ZAFg eln
v 2] %7H°l L%il (m =—1 %ol
Hl]HC o é



Journal of Control, Automation and Systems Engineering,

0.3718 —0.0667 —0.0889
+0.28897 —-0.2444: —0.0444:
Sy = 0.3333 0.3111 0.1333
H +0.0889;  +0.17787  —0.0444:
_ 0.0667 —0.2667
0.4667 01333 +0.2000¢
0.1556 (.1778 56
-~(.20001 +0.02221 0.2222
Sy =
(.0444 0.1778
vooua O g oo
0.1249 +0.0908: 0.0897+0.3517:
Ny=| —0.2157+0.0340: —0.4413—0.26207
0.2906 —0.2592: —0.0329 —0.2174:
0.8745—0.0121¢ —0.1105—0.0264:
Ny =
—0.1090+0.0095;  0.7363 +0.0381:
Sp = 5?1
Sp = S
Ny = Nj
Ny = Ny
0.2424 0.3030 —0.6970
Sp=| -0.1818 0.2727 0.2727
-(.1818 0.2727 —0.7273
N ' 0.1515 —0.0606 —0.0606 (
Sy =
—-0.0606 0.4242 —0.5758
--0.2662 ~0.3758
Np=| 0.194 —0.379
0.1944 —0.3795
. (0.,9211 —0.0074
0.0718  0.7554
Advtsly § 2 FHIFHHES S 2ol el
o},
oy = SnewtNuby = Nuypu,
$y = SpdytNopby = Nppu,
by = Spdpt Nupy = Nppa.

ojAl HuFWEH ¢,& IVEY 184 V&
o aTsE splold 3 slw AANE 2EE e
o] =] A3t}

du=abl + @bl + Re + Her. (23)

o1 theel 5 Aol vhsiol mael e
AR 1 a7 = 0.4, a2 = 0.1, By = 0.1, B2 =
0

IMQA‘M 498 AEAN2RE gpsE
W (23) 0.7 8E vhew) o] pajv)

e 2

Vol. 1, No. 2, December, 1995 75

—~

du=0030304]1 ". 24)

ag)w F AzgenyE tgel 4itste YHES T
=3
Bi=[0011 % #={0101 T,
er=[010]1 ex=[1001 7.
w2tA (2408 ¢ .8 THSe] Ae TEgol d)
o = Nypuy (25)

el BAZKE AsE py & T3 A o3 Zoh
pu=[ 0.1016 —0.8702 1 .

11 v A Tﬂu ASWE p, 3 pye W 219 2

D, 2 2 (2)E uEIEE AYsii=d 1 AgE 08

71

rw

-ﬂr\

pn = [ 0.3983+0.7856; 0.47351 ©

[ 0.3983-0.7856; 0.4735 1 T,
A4S

ol #e FalA e HEAHQ Qc s
(achievable) & % HIHFHEHEL ¥ 449 BF m=2
o]i1 N=30|P& Srinathkumarl15]2] Zi}ol AEH H4
Aol Ao g1 2ol ez

P

8 :[ 0.0208 —0.3216 0.3038 ]T
n +0.3008: —0.2800¢ +0.02217

4 :[ 0.0208  —0.3216  0.3038 ]T
A ~0.3008 +0.2800 —0.0221¢

¢4 =0 0.3 0.35 0.35] ",
i1 1. A% 1 % 49 20 gt Hx Ak Az
Table 1. Compan'son of measures for the case 1 and
case 2

{,, . _,,T,,, e e R
| ‘1 e e v i o, ‘)
H%%ffiégiééfyﬁéf\qu\
| | s | ;

| | e |

-1 ] 0.6047 | 06047 ! 0.8552 0()()4"

3%
73 -2 0.1231 | 0.1231

¥ BE /HM** *—1‘5 (F5E Aol 4%l ¥ 88 9
v 3h)

w F 7hAlol A M (
&

tooRE o A AR (FE4E o oA 4
o 285 oujdh

t: % 9l A A= (FHeE et oA Aol ¢

g Ve

06047ﬂ
Towm ‘ OIZiiOIZSl |

S U NN — —

245 Aol Aol o 82 o

a2al Wy Eol o o] FAEHRE
0.3055 +0.6697: 0.3055—().669%}
%::
0.2978—0.0638;  0.2978 +0.0638:

(22)2 FolAe HIYY o5 F¥ K o €

1.4286

—0.8571
Sk

~1.1429  —1.0
AR AP AlAE ) 3MAY MEd] tidh BE v o



76

8 AR F APl ), 2 S el g
7z

Hu(y,) 9 % QIﬂ A HE( o MRS A Ao
3 Lol vhef 2l

K 2 a1 = 0.1 a; = 0.05, 1 = 0.05, B, =
0.8¢1 A%

o] Af BT AoAe dig vFEA( e ) AE 19
Hste] of AA afdta dot A 7 PO‘Xﬂ**Oﬂ gk 7f
FTA 2 )e A 1R o @ol nHsle A9 s
=3

A% lolMet ge os ASEES P uY o

py = [ —1.5283 —1.04611 "
py = [ —0.4594-0.7653; 0.4508 1 T
poy = [ —0.45944+0.7653; 0.4508 1 ".

vhzRAlE Folzl 24 8 bEAE aed g5 vbedt
T 2 AFEEES b A A5e] A ofe}

o] Fol7th,

4 :[ 0.0526  —0.0738 —0.3467] !
! +0.0213/ +0.0313; —0.2014{

#" :[ 0.0526  —0.0738  —0.3467 ] :
a —0.0213; —0.0313/ +0.2014¢

¢4 =108 0.1 0.11 .

HEHog ook ¢ AFHHES YA FY5H 9
olff A K thit o] Abddh

~20 -8
K=

6 —1

npd AR o] Fgoll thEF AT AL AR A

e Bt 190 dehl A, el S, kgl 4 o
oA A% 1o B 2Euh O Ale] Aol $e U
Foola Sl belAl Y SuelA] mE 7S 27h A9 1

o $58E o4 5 Aded o=
A & F filt}. EF B
Alzdlo] Qo g zo gt
2|7k 7}0411]/(4 "35'

2ol oA G AlE
7

7} gl ol rhs Al st
o dlef X 2lgke] JHrHyF
Mxﬂ“ ATy )9 F
e ZHAA Ao
SR Tl Wl 5
HE Aolrle] F(mi folug % 35 B 845 v
g ¢ g HufHME|So] HA Aol T e
dub SgE Aolv)e] £b AR AenhE Fobetd 1
g B opuet IHHMHESR H&s flate gk %
Al E ok IIHW TFEAE Tl AlzElel 84 4
FEAL 4 SlEE HdshA HAShd #wi Alsg
LA S %k ZpAlold gl el oAl g e
Aoizlg A 4 s & & Stk

mr

do o b T
il

Ju 1o, ol 0% % 1t
e o fEl ﬂ‘

Sb

922t 7ol A
é % o] &3l FIHFFLFE X
& xwo}aiq. olZ 9lsted rE o2k slolA
£l T HAA A AEe AEo] AHoksNa
3 7]%9 Hamdan®} Nayfeh’} A¢F@sl mr 7pajo)A
Aol JE My 27] 1A 5 dEE F
ol#g NEEF B =FAA A
etualEe Zhasl 33k Aj2~Elo| Fﬂ?ﬂ Hol7] MA A&
Z3led 7 BPgA 2 {848 0% 4 ik B e
off M Ajobdl datg]He AaEe] By zojajel] vixjo]A
]

[oIA 24

‘1

NIOt - XisS8t -

HM13H K235 1995 12

AXEIES =2A1

g 4 Qi @

(1]

(2]

[3]

(4]

(5]

[6]

18]

[9]

(10]

[11]

[13]

SN
A N Andry, Jr, E. Y. Shapiro, and J. C. Chung,
“Eigenstructure  Assignment  for  Linear  Systems,”
[EEE  Transactions on  Aerospace and  Electronic
Svsterms, vol. AES 19, no. 5, pp. 711--729, September
1983
T. Kang and J. (i. Lee, "'Comment on ‘'Eigenstructure
Assignment for Linear Svstems,” “TEEE Transactions
on Aerospace and Flectronic Systems, vol. AES 28,
no. 3, pp. 920 921, July 1992
HAY, Control Design Methodologies Using Left and
Right  FEigenstructures with Applications to  Flight
Systems, A&HEnl A=, 19959 28
HAQ, o)A, 7t o]dE, “Sylvester WA AE o]
R A 7P digHETIEE] w=ER], AHA

% op

K. M Sobel and ]. R Cloutier, ‘‘Eigenstructure
Assignment  for the Extended Medium Range Air
to Alr Missile”" Journal of Guidance, Control, and
Dynamics, vol. 15, no. 2, pp. 529 531, March-April
1992,

(x. M Siouris. J. G. Lee, and J. W. Choi, “'Design of a
Modem Pitch Pointing Control System,” JTEEE Tran
sactions on Aerospace and Electronic Systems, vol. 31,
no. 2, pp. 730 733, Apnril 1995,

W. L. Garrard. and B. S. Liebst, Flutter
Suppression  Using  Bigenspace and  Linear Quadratic
Design Techniques.” Journal of Guidance, Control, and
pp. 34-311, May -June 195,
B.-K. Song. “Active  Vibration
Using IEigenvector Assignment  for Mode
Proceedings of the 1993 American Con-
San Francisco, CA, USA, pp. 1020

UActive

Dyvnamices, vol. 8, no. 3,
and 5. Javasuriva,
Control
Localization,”
trol Conference,
1024, June 1993
J. W, Chot, J. G Lee, Y. Kim, and T. Kang, "'‘Design
of an Effective Controller via Disturbance Accommo

Journal of
vol. 18, no. 2, pp.

dating Left Elgenstructure Assignment.”
Cuidance, Control. and Dynamics,
A7 354, March Apnil, 19%.

Q. Zhang, G. L. Slater, and R. J. YSu-
ppression of Undesired Inputs of Iinear Systems by

" Journal of Guidance, Control,

Allemang,

Eigenspace Assignment,

and Dvnamics, vol. 13, no. 3, pp. 330-336, May- June
1990.
J. W. Choi, J. G. Lee, and Y. Kim, “Comment on

“Suppression of Undesired Inputs of Linear Systems
by Eigenspace Assignment”,” submitted to the Journal
of Guidance, Control, and Dynamics.

Y. Kim, and J. L. Junkins, ""Measure of Controllability
Journal of Cuidance, Control,
895-902, S

for Actuator Placement,”
and Dyvrnamics, vol. 14, no. 3, pp.
ber-October 1991.

B. C. Moore, “'On the Flexihility Offered by

Septem

State



Journal of Control, Automation and Systems Engineering, Vol.

Feedback
Loop Eigenvalue Assignment,”
Autorratic Control, vol. AC-32, no. b,
tober 1976.

H. Kimura, ‘'Pole Assignment by Gain Output Feed-
back,” IEELY Transactions on Automatic Control, vol.
AC-20, no. 3, pp. 509-516, August 1975.

S. Srinathkumar, ‘'Eigenvalue/Eigenvector Assignment
Using Output Feedback,” IEEE Transactions on Auto-
rmuatic Control, vol. AC-23, no. 1, pp. 79 81, February
1978.

L. R. Fletcker, J. Kautsky, G. K G. Kolka, and N. K
Nichols, ''Some Necessary and Sufficient Conditions
for Eigenstructure Assignment,” International Journal
of Control, vol. 42, no. 6, pp. 1457-1468, 1935

B. H. Kwon, and M. J. Youn, ‘'Eigenvalue-Generalized
Eigenvector Assignment bv OQutput Feedback,” [EEE
Transactions on Autormatic Control, vol. AC-32, no. b,
pp. 417-421, May 1987.

B. A White, ‘'Eigenstructure Assignment by Output
Feedback,” fnternational Journal of Cortrol, vol. 53, no.
6, pp. 1413-1429, 1991.

J. W. Chal, J. G Lee, H Suzuki, and T. Suzuki,
“Comments on ‘Matrix Method for Eigenstructure
Assignment: The Multi-Input Case with Application”, ”
to appear in the Jounal o Guidance, Control, and
C. T. Chen, Linear System Theory and Design, Holt,
Rinehart and Winston, New York, 1984.

W. M. Wonham, Linear Multivariable Control: a Geo
metric Approach, Springer-Verlag, New York, 1979.

in  Multivariable Systems Beyond Closed
IEEE Transactions on
pp. N7-421, Oc-

(14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ESIDN
19653 99 594, 1987 Aed Il
HolAEFet £ 100d & digd
AloJAZF8 e EQ(MAh. 19959 5 o
Tl AlojASFET EFU(EH). 19959
19 ~ 19%9 249 9B SFI A
=Auke- A WEATY 1993 39
Mg AoAAFAIEATAE AedTe

~ 19954 8%
19953 99 ~ & Univ. of Southern California ¥HAFE
Sl

1960 59 5YAY. 1983 AMEd] TR

gaasta 4 190 §F sk 3
%6_‘]-»} —iﬁ; “/\} 1990 Texas A&M
Univ, 395387 S9(34h. 1900

99 ~ 1991%3 129 Texas A&M Univ.
A9l 19929 29 ~ A Mg F

1, No. 2, December,

[22]

(23]

[24]

[25]

(26]

(271

(28]

[29]

1995 77

R, E. Skelton, Dynamic System Control-Linear System
Analysis and Synthests, Wiley, New York, 19685,

T. Kailath, Linear Systems, Prentice  Hall,
Cliffs, NJ, 19&0.

B. C.
Systems:

Englewood
Moore **Principal Component Analysis in Linear
Controllability, Observability, and Model
Reduction,” TEEE Transactions on Automatic Control,
AC-26, no. 1, pp. 17-32. February 1981.

A. M. A Hamdan, and A. H. Nayfeh, '‘Measures of
Modal Controllability and Observability for Iirst and
Second-Order Linear Systems,” Journdal of Guidance,
Control, and Dyvnamics, vol. 12, 3, pp. 421 428,
May - June 1989,

G. Klein, R. E. Lindberg, and R. W. Longman,
“Computation of a Degree of Controllability
System Discretization,” Journal of Guidance, Control,
and Dynamics, vol. 5, pp. 583588, Novem
ber-December 1982.

C. N. Viswanathan, and R. W. Longman, “‘The De-
termination of the Degree of Controllahbility for Dyna-
mic Systems with Repeated Eigenvalues,” Advances in
the Astronautical Sciences, vol. Y0, 1983.

C. N. Viswanathan, R. W. Longman, and P. W. Likins,
A Degree of Controllahility Definition: Fundamental
Concepts and Application to Modal Systems,” Journal
of Guidance, Control, and Dynamrics, vol. 7, no. 2, pp.
222- 230, March-April 1934.

M. Tarokh, “‘Measures for Controllability, Observa-
bility, and Fixed Modes,” [IEEE Transactions on
Autonatic Control, vol. AC 37, no. 8 pp. 1268-1273,
August 1992,

vol.

no.

via

no. 6,

o &+t

194613 39 284, 1971 AMgdl To A
71&8s &9 19743 Univ. of Pittsburgh
e HAMAD. 1977d Univ. of
Pittsburgh 7138t E<4(e8h. 1977, 4
~ 181d 6% The Analytic Sciences
Corporation -7 (Technical Staff). 19813

69 ~ 1982d 79 Charles Stark Draper [aboratory 7+9

(Technical Staff) 19823 99 ~ A Mt T AojA=

3w 1990d 122 - WAl Mg AFAcEsATAE 2

s

23}

Z el &t

19639 49 644, 1986 At gl Ao
AZFsrE £ 19883 F skl AolA
Zgekal £A(MAb. 19923 ¥ gk A
oASF e EAFE. 1990d 4¥ ~
19944 2¢ Mg FEATA 20 1944
39~ "@A M F AoAlE et



