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states by zonotopes
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Abstract: An improved estimation algorithm for set membership states by zonotopes is proposed for nonlinear discrete-
time systems with a bounded description of noise and parameters. This algorithm requires computation of a zonotope
bounding the uncertain trajectory of the system using interval arithmetic in time updating. The observation update first
determines a set bounding the region of the state space which is consistent with the measured output, and then computes a
minimal-volume zonotope bounding the intersection of the time-updated zonotope and this set. Since this set is obtained as
the intersection of strips, it is necessary to compute an outer bound of the intersection of the zonotope and the strips. The
conservatism of the original outer bound computation of the intersection is pointed out before improving. The improved
outer bound computation gives a new family of zonotopes containing the intersection and selects the minimal-volume one as
the outer bound. It can be proved that the improved computation gives smaller zonotopes than the original one. Simulation
experiments are performed to examine the influence of noise distributions on the performance of the algorithms. The results
show that the improved algorithm has better performance than the original one in terms of mean-square errors and zonotope
volumes especially in the presence of uniformly heavy-tailed noise.

Key words: nonlinear systems; uncertain systems; state estimation; set membership; zonotopes

1 5|E (Introduction)

2 BLRPIR AT T e B RGN
B AL R 7 L3 A2 M5 o0 AT, 91 Gt /R 2 3 g
PRRR 2R, RR 2 IEM L M R G
I, LRI 5 o L i RS AR R,
A LA R GOR S L B/ 5 25 oA . %k
eV RS, AN Y R R 2 g R R T
It AL e 7 {2 AL (0 D 7 VR A T T BN, AEL

WA H #A: 2006—05—28; W& Boke H #1: 2006—11-29.

ATYSRAFAE — e fr] L. 51 a1, SRR 75 18 G VR PR AR A
M LA 2, X BB T AN TR A, RGUR
A AN 2 T A2 vh A DX TR SR A R 17, 1 A X [
ANFERE GG, A pe DL b ) — b vk, et R
FHAE D38 I AR T2 UE I 2 7 K A1{H AT S (unknown but
bounded) ™ 75 {15 ¥ 4 2F R I BE YL T vk, 528 LR
BATHAHLE, BT e R R R G A Ay 5, HLg s 5L
TN, T AN 75 2 00 0 0 st 75 ) A SR (RN 22 5

FEETH: R 5 RBIEIES BT H (60234010, 60674030); b5 T A SREFA LS % BT H (4032014).



274 oW s N M

25 4%

FEAR BLUE R BT SO RE v, SCRRIITE SE 4 th T
ECIR S HE F 5005 B )5, SCHRI2~ 518X R 53k
AT TIRAIIBESE. o 1 St voRs i, SCIR[610 5T
T 2 MARIRES € S, SCRRI7TINRs AT AR 1
TR RGUIRZS PIAT S LLBRAR R 2 5. SCHRI8] BHx R
LN R G T 5T DR 2 A KPR A A v 5%, 3L
ARG AR i, (B RAT R RO . feedl, SCHR[O] WU
BEXS A A S M P IS B AR S 1 B U ) R 48
et T X2 IR E A E. h e iRe
i T AR 3E A FH S 425 i) Bl 40 %% . (wrapping effect)[10],
DA AT S AT A R AN, FLST AR o
0L A5 2 25 R ROR ST, 32 25t A2 B0 BB
TR R IR ) A X PR 22 I TE L i ) S B A A0 4
IR 58 . AT I e) R H T e ) 4
ORI b7 SR TR RPN
2 M ENKE L RS METHH
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tion algorithm by zonotopes)
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2.1 W5 (Preliminary notations)
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2.3 &=l % Hr(Observation update)
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Fig. 1(a) Intersection of Z and S;

Kl 1b) Z5So AL
Fig. 1(b) Intersection of Z and S»
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bound computation)
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Fig. 2(a) Intersection of Z and S1
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Fig. 2(b) Intersection of Z and So
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3 {1 E(Numerical simulation)
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Table 1 Mean-square errors and average
volumes(x1073)
L1 T2
JREEE  SeEE RS ok Ak
€1 1.29201 0.72684 2.25858 0.97868
2 5.17380 2.87490 9.08876 3.90819
K 6.10820 4.88358 6.46283 4.32997
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Fig. 3(a) Guaranteed bounds of z j, in case 1
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4 458 (Conclusion)
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