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Stabilization of Switched Linear Systems

HF Hx, 7 T A G
(Yeom Dong-Hae, Im Ki-Hong, and Choi Jin-Young)

Abstract - In this paper, we propose a novel stability criterion and a guideline of controller design for switched
linear systems. Unlike existing criterions such as Lie algebraic method and multiple Lyapunov functions method, the
proposed criterion can be applied to each individual system without considering an overall system. By applying the
proposed criterion to each individual system separately, a state feedback controller can be easily designed. Stability of
the overall system is proved by developing a rule to determine non-increasing Lyapunov functions recursively at each

switching instant. An illustrative example is given.
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x=A,x
o714 xeR" nxn 3B A ieP L 933 ¢AF
FgBEY, ¢:[0,0)>P=1,2,-,p T TEHOLE J5<
293 Aotk P 244 43 o o HEH, A, ER
T8 gddF (A} LA7} Abelian®] A4} Nilpotent®] A1} =

= Solvableo]® FojZ Al2€e AFHoz A dF
So, Zo}) =71 Abelian®] 7] AWM=
[A,,A]]=AA,—A ;A ,;=0,i+joloje} &} [2} &, 7
Zto) A" o dis] nEE o] Yol ot welA
g o)&d 43 293 A2 AL S BEded
ME Az=d) #Po] RE 3o} disl 9 A& AAoF
o g9, 05 olFxX g ol&d Ny 29F A
"o} ¢tAAS HAEEH, g 24E U Y 3
q M Eo] EAs o o)
A M,+M,ALC C,
ZMz22'M 2,
(C,, AHEe

o % E L Q
o
o \l-
ik o
2
X
2
>
o,
il

i
B
rlo
x
utl
A
it
i)
0,

il

rE ol N R

- o

4y Mo o
N
o
>
&
S
o

oL

o

i
du
2
x
iz
2

: -37 YopFmz
2 Ag*g-a-}vz WEE 5 A 4As gl

FHe ANE F A A

£
g
2

2

>

h
Ag

e g

_13_.



2¢ $AUE ANDG ABIE AU GF o
F5E o8 Wt AGHOR FARAY, 7 TIelA
HOsE Pol ¥ Y58 BAHOE 78 4 Yon, 7}
B340 dF AEAE BaA @k BW A A2Ee
FHRAAE, 4 AR HYALYY 4H AR 5L 4A
de AAe AT 292 ALY PEE 4 oln
A5E Y 293 A29e $hE9 2RA4) da 3
A4e e 1wy 3o

2 ZNE 4% 2939 N2de) AP4E BEsE A
2 WHe ALV Adse RS Y dYA2ol
g3 2AozRE AA A2de YL BAS}E OF
FohEr 5o EA4L wY

Ae 21 ol 23& BEaE AuAgels F b 7
Zte) Nzge) daE EAsE, AA 4Y 293 A2
x=A x+B,u, u=Fx & d2xoz2 aAsir}

a) APB (G, +G,)9 BE THFe] -1 vt} Fa,

b) G.o EE Ifge] A5t -1/2 B A
4714, G,=A ,+B,F, °olth

FH& AW ARG Ao g Mand AE (3, 912
5H golFxXE F4E MHEHoZ Agsa o|FA AL
ol FE X Fggo] o) 293 #3tvlth FHEEs} ob Ul
Alzgel AIAALE B3P Petterssond] A& [10]1E
ol g3t 298 4 gt

A AYE AA 293 ANz=d AIUYAEE HAFPdE
N Al 2d e 7‘Zi° AABIL Y-S ¥ ohel, Z A€

49 ARG 52 AASE AYE AFH
3. Atel AY 0|5
2 RAE AE 21 o 2AL VIIEE, A YA
299l 4 AL o)S§ Ak BEe AUch U
02 % 939 F9 AU FAHOE Foixx gon
te Foln HB LHFE VIFLE Bt om WA ¢
A Atk 47lAE T 4o Az MAWPoln weba

7 9429 kol FUT 48 GED

A9 31. P/l GE d#Addtn sA3E, G+GY 1
& e U 4 F Yol shite] 3HETh
{zlz—()\ —a)IS mf K(R'P)maxl)\i—i—al},
t,j=1,2,,n
Aq71A, e ¥ Aol R=PD on, K(-)&
ol Lo Ay, De doe AU sl

9 Ag ol%sw, AY 219 AR} ZF APAN2P
Z2x Al2Adg g G9l nEgke] H9 /\}o]_/] AAE o}
o] Az} o] & F Urh

Ae 32 FA ¢, 9 R e 1/FE e B
3 Gl dhsiA

1
c+l<—2,

1+ " k(R P(—2=L
e 77 n}ﬁ olm geh.
Relr (O]~
A (GHG)1
q7A, = L9 G=PDP “'=RDR !,
R=PDoIS, Dx 499 A cidgdolct.

Aol a

¢ AARE A APz Fe A o5& o

o BAS F&) AL 5 st

Step 1. Z A@AN2¥ T{HFHL F4 ¢ W4 B A=
Lyt 9o YxE HAF} G7AM c+ 1< -1/27
952 @,

Step 2. ZAHMKNE F3) oA AT 1/HFS 2E 2H
Ag ol5g Fa

Step 3. 7 H¥A2g AFT Axdol ol o A
QxR A,

1+ K(P<—2=1,

71N K(P)e infK(R P)9 FA 3otk

Step 4. 9 Z7o] BNE3T I3 APA2dE A2l

o zA5E FEAUY. 234 F& A9, Step 12

Sob7l vo AL WAT FAL 2E A9 FHL

WA ¢ HHEL W S
4. ZolH

B FoNe BEZE4E JHAE 48 284 A2dd 9
& =o@ch 2 dPAzde A2 Pl 2HH) 28
Aol A7tE A, olm AAE e AF o]Sel s A
A ANz dAYe] FAHE ME AP 2P 2HUA

HE BAHez 78 + U

Ae 41. BHAG)E
7} 8k},

F, 7t tge z3¢ Bsdga

RN (G)I< —a,
MG, +G )< =B,
A71M a,21/2, B,=1 olt}h olw, 2 E&AH AAH

(o1 B
[AA,ll,< mln{ nfK(P,)’ 2.

..14_



gt ol AEHY BHEHEL EHse  Azd"
s

x=(A,+0A)x+Bu = A9Ho2 HT AL 7

. o714, Pe G,& dzrsiel: @gold

AA 2 AYN2Y P2 dgsse 3o AU
Mo gune Pl faguzn, AUM UNE FRgom
AE weHoR A 94 duvh ow, o A9 AR 2

QYR FL W7} FojHT,

B FANE ALY B olgstel 4Y 2997 Axd
o ATAPYL wAFE A P2 AW AR oS
§ 29T B3 2o] 7 A A

c {—2.5+0.5)2 AAsA, =
c=—2.5, I=0.5 o|¥ K(P)=6.8541°]=2 Step 39 @

&éf‘aﬁ} waha HA AlA"E AR TE A
AEMNLE e FHABol 5L 47 bgit Zo] Aydh
Fi=[~1 —4.5], F,=[-4 -5/3]

o 1Y Ao 29HN2Fe Aojd
o AHL Bk

e

States

" Timefs] "

a3 1. AERse 4%
: |
|
3 =
Qa i
= S D N U SO R ]
E 1
R |
S |
o, :

T Timefs] -

a9 2. Aoy

A IR A A9 OF delfuz o 2o
9o » S

okt g grol 7

e

]

Lyapunov
]

Tin;;[s]

a9 3 9% olFex 3

6.8 =

BoERe 49 290 A2Yy a4 Adee Az
& BAYe ANsATh AXEY BEEe A HYA =Y
of HesE ol 2A, A AYA A ABYEL Tajsob
sl 71 Wi vlE] a3 WA Al HAEE A
AFE = ok =3 A RE BEHS olgdty AA A ad
o] AT S wAsE, 4 AP A A8 %

£ dAse $d e AASAT

a2 s

[11 A. Agrachev, and Daniel Liberzon, “Lie Algebra
Conditions for Exponential Stability of Switched

Systems,” Proceeding of the 38th CDC, pp. 2679-2684,
1999.

[21 A. Agrachev, and Daniel Liberzon, “Lie Algebraic
Stability Criteria for Switched Systems,” SIAM Journal
of Optimal Control, Vol. 40, No. 1, pp. 253-269, 2001.

{31 S. Bamett, and F. Man,
the Lyapunov Matrix Equation,” IEEE Transactions on
Automatic Control, Vol. 15 Issue 2, Apr 1970.

[4] Z. Gajic, Lyapunov Matrix Equation in System Stability
and Control, Academic Press, pp. 245-246, 1995.

[5] J. Hespanha, “Extending LaSalle’s Invariance Principle to
Switched Linear Systems”, Proceeding of the 40th CDC,
pp. 2496-2501, 2001.

[6] D. Liberzon, Switching in
Brikhauser, Boston, 2003.

[7] D. Liberzon, J. P. Hespanha, and A. S. Morse, “Stability
of Switched Systems A Lie Algebraic Condition,”
Systems & Control Letters 37, 1999.

[8] P. Lancaster, and M. Tismenetsky, The
matrices, Academic Press, pp.387-390, 1985.

[9] F. Man,
IEEE Transactions on Automatic Control, June, 1969.

[10] S. Pettersson, Analysis and Design of Hybrid Systems,
Thesis for the degree of doctor of philosophy, Chalmers
Univ. of Technology, Goteborg Sweden, 1999.

“Comments on A Theorem on

Systems and Control,

Theory of

“A theorem on the Lyapunov Matrix Equation,”



