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YV (z03%,) € ij(%,,}iri}r(zo,xo,k) =0

AT A3 A S 5 S UE B (LRI T 3 S W) SC
Bk[29]) .

MR E R 3 TR A BRI TUE RN L &,
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drinte e FR R G (3) ,IF H QAT RIAE g ER
DOA WUfTHE . SRT, BT £ A L i AEZet: AR XEAR
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2 DOA flritAndy B R4 42 4 . X Ja]
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WMRBRAT 5,02, y) M Qy, IAATAT £ 45
E(z,y) € Bz, y) BT LIRIEHA A R 55K (3)
AR IR (29500) € 0y TAHREWT
TSN, 52, 5.z, y) AT —A
FEGEHE A 2 i 2 4R B, T b AT 42 o 2 A T
Dtz 24, H O, BT R %R (3)
) DOA A, Hih &5, (2, ) T 0, WK AR
T Dy SR, T £A LIRS, R AR AT
D o WITHHT AR o TEATT v R A DX R) 4387 7 12k
RIS AR B D)o
2.1 RESH

DX [] 3 A — T L 1 PT ORI A £ (B
Tk, XL AT ORUE" B 1T DL AR AR IR R A
A BT RS , 10 AT AL AT LU AT REAE AR, SIV-
IA (set inversion via interval analysis) 5. s J2& X [6] 43
Fr i —F A TR e EEE W & ki
IR p . R" >R LS Y C RS & LHELH
"W,

W=1{weR"l plw) € Y} (21)

SIVIA Fy Al A2 DX ) ) 22 060 5 pR AR 1 BE 23
XHEREA AT XS, —PMXEME [w] &
R " B —FEE, BIE LA R,

Lw] = [wy) ] x[wy ] x - x[w,,]
A2 XK [wy) | = [wg, w1, 7 =1,2,
R PIEE T, w, Mlw;, 720052 [w ] EI’JJ:
RAFR, [w] e IR" WHFHKAN—&T, HP IR
FORIA n, BETFES ., FIERE: p.R"—>R"™,
XMEJpREL [p] IR —IR"™, WX F V [w] e IR™,
p([w]) Cpl([w]), B4 [p] & p WEZHRE,
WMEXST V w] e IR™, #BIHL .

limy 1 —od([p] ([w])) =0
K dlw] = max,_ o, (w0 —w) FBARET [w]
T8 BE IR 24055 e ﬁhﬂm%%moW%M@a

PRECAT LAGRAIE STVIA FL MMt o X~ %k
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et F S A B PRBUR 2 ME— Y, il n, F AR
= OB MR RS,
Bk 1 & SIVIA 1y ERA S,

k1 SIVIA

Require: f, L,[,..],€

1. @, =0,®, =0,8, =0,®, =[]

2. while @du # O do

3. Get abox [z, ] x [u] x [z] x [«] from (AP(IO

4. Remove [z, ] x [u] x [z] x [x] from den

5:  [d] = [LI([=, ],[/1([«],[u])) -
[(L]([z],[x])

6: if[d] C (-.0)

7. Add[z,] x [u] x[2] x [x] o ®,

8 elseif [d] N (- o ,0) = O

9 Add [z,] x [u] x [2] x [x] 1o ®,,

10: elseifd([w]) <€

11, Add [z, ] x [u] x [2] x [2] to @,

12. else

13. Bisect box [z, ] x [u] x [z] x [«]

14, Add the two new boxes to set GAPJU

15. end if

16. end while

SWM%%ﬂUﬁﬂW%W%ﬁU%AW -
W, CR", Hw, R HENWIIRIERE,
A% T84 %#AEE BLR" >R, RE
ﬁ&fRMHR DL BRI B4R £ F [ oo o
AL ) SIVIA 54k 3] &, C R By N ER 1L

LD, C b, | CR™™, WEEL iR,
SIVIA P47 H R R (TE5HE 1 1Y while 78 3
O X THER ([2, )5 [u]; (2] []) CR™™,
AIRESSHN LR 4 Fig L,
(o1
[d] = [L]([z. ],[/1([«],[u])) -
[L]([z],[x]) CIR
FERATAE( - ,0) 1, B
L([z, ].f([x],[u])) - L([2],[x]) C
[L1(Lz, 1,01 ([x], [u])) = [L]([2],[x]) C
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(- ,0)
WA [z,] x[u] x[z] x[x] BT &, F HH

TEREAE @, , TEE 11955 6 ~7 £,
(2) 150 2
[d] = [L1([=.],[f1C[«],[u])) -

[L]([z],[«x]) CIR

(- ,0) WIACHENZ R
L[z, ], f([x],[u])) - L([],[x]) C
CL](Lz, 1, U (L] [u])) = [L]([2],[x]) &
(- ,0)

MWreT [2,] x[u] x[z] x[«] IAET @, ¥

HAFEAE D, , W 1 (55 8 ~9 17FR .
(3)1EML 3
[d] = [L]1([z,],[/1([2],[u])) -
[L]([z],[x]) CR
il (= 0 ,0) ISR NZS MHRNRZERMT (- =,
0), A [z, ] x[u] x[z] x[] BET &, il
OMERR 2 AARHE R & T R [2,] x [u] x
(2] x [x] WISERE/NTBUEREMSE e > 0, MIA

HE RGN, TGRS @, XM EARS
T @, WA A 1 10 ~ 11 FTTR,

(4) 1500 4
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BTIURERT e >0, IBANZITERARKIEE
ILERERS (2, ] x [u] x [2] x [a] BEAT 200 A BN
WA B & TS O, , X a T Tk
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Negative-definite invariant set approach for dynamic output feedback

stabilization with domain of attraction estimation

Zhu Longfei, Lu Chaolun, Li Yongqiang
(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023 )
Abstract

A design method for a dynamic output feedback controller is proposed for general nonlinear discrete-time sys-
tems. Firstly, sufficient conditions for the dynamic output feedback stabilization with an estimated domain of attrac-
tion (DOA) are provided. For a given Lyapunov function of system and controller states, a negative definite invari-
ant set under output feedback control is introduced, which can be considered as an unstructured collection of dy-
namic output feedback controllers. The negative definite invariant set, projected onto the state space, serves as an
estimate of the closed-loop DOA. The design problem for the controller is then transformed into a set approximation
problem in Euclidean space based on the negative definite invariant set. The bottleneck of dealing with strong non-
linearity is alleviated through the use of numerical set approximation methods. Secondly, a method for estimating
the negative definite invariant set is proposed based on interval analysis, aiming to find an internal approximation of
the desired accuracy for the set.

Key words: output feedback, general nonlinear system, negative-definite invariant set, domain of attraction,

interval analysis
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