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Set-membership estimation

Set-membership estimation

@ Objective: To construct a set enclosing all admissible state values that are
consistent with the system model and measurement data;

@ Assumption: Model uncertainties are unknown but bounded;

o Applications: Fault diagnosis, constrained MPC (Model Predictive Control),
bioprocess monitoring, etc.

Existing methods
@ Geometrical methods: Ellipsoids, polytopes, zonotopes, etc.;

o Interval observer: two sub-observers designed based on the monotone
system theory.
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Motivation

Existing problems

@ Geometrical methods suffer from high computational complexity due to
dealing with Minkowski sum and set intersection.

@ The over-approximation error in set operations will cause conservative
estimation results.

@ Interval observers suffer from the cooperative constraints, which may cause
large conservatism.

Objectives:

@ Design a set-membership estimation method for discrete-time systems with
less computational complexity;

@ Reduce the approximation error to increase the estimation accuracy.
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© Set-membership estimation for regular discrete-time systems
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Preliminaries

Definitions
@ Definition 1. Given two sets S; C R” and S, C R”, their Minkowski sum is
defined as
S;®S,={s:s=s51+s%, s €8S1,5¢cS,}.
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The two-step set-membership estimation method
Preliminaries

Definitions
@ Definition 1. Given two sets S; C R” and S, C R”, their Minkowski sum is

defined as
S;®S,={s:s=s51+s%, s €8S1,5¢cS,}.

@ Definition 2. For a set S C R", its interval hull is defined as the smallest
interval vector containing it, which is denoted as

S C Box(S) = [a, b],

where a = [a1, ..., a,]" and b= [by, ..., b,]".
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Definitions

Definition 3. An m-order zonotope Z C R" is an affine transformation of a
hypercube B™, which is defined as

Z={(p,H)y={p+Hz:z€B"},

where p € R" is the center of Z and H € R"™™ is called its generator matrix.
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Definitions

Definition 3. An m-order zonotope Z C R" is an affine transformation of a
hypercube B™, which is defined as

Z=(p,Hy={p+ Hz:ze B™},

where p € R" is the center of Z and H € R"™™ is called its generator matrix.

Figure: A 4-order zonotope.

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021 9 /53



SE LN SRS BV R T ST ETC [N SR SV I Elll  The two-step set-membership estimation method

Properties

Property 1. (Minkowski Sum) Given two zonotopes (p1, H;) C R" and
(p2, H2) C R", their Minkowski sum satisfies

(p1, Hi) @ (p2, Ha) = (p1+ p2, [Hi, Ho).
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Properties

Property 1. (Minkowski Sum) Given two zonotopes {(p;, H;) C R" and
(p2, H2) C R", their Minkowski sum satisfies

<P1; H1> @ <P2, H2> = <P1 + po2, [Hl, H2]>.

Minkowski Sum
—

Figure: The Minkowski sum of two zonotopes.
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Properties

Property 2. (Linear Transformation) Given a zonotope Z = (p, H) C R", its
linear transformation associated with the matrix L € R™*" satisfies

LZ = (Lp, LH).
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Properties

Property 2. (Linear Transformation) Given a zonotope Z = (p, H) C R", its
linear transformation associated with the matrix L € R™*" satisfies

LZ = (Lp, LH).

. Linear Transformation ’

Figure: The linear transformation of a zonotope.
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Properties

Property 3. (Interval Hull) For an m-order zonotope Z = (p, H) C R”, the
components of Box(Z) = [a, b] can be obtained from

a,-:p,-—zj";1|H,-,j|, i:l,...,n
m .
b,‘:p,'-i-Z:jzllH;Jl7 i=1,...,n
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a;:p;—zj";1|H,-,j|, i:l,...,n
m .
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Properties

Property 3. (Interval Hull) For an m-order zonotope Z = (p, H) C R”, the
components of Box(Z) = [a, b] can be obtained from

a,-:p,-—zj';;1|H,-7j|, i:l,...,n
b;:p;—|—zj:1|H;,j|, i=1...,n

Figure: The interval hull of the zonotope.
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Problem formulation

System description

Consider the following discrete-time system:

Xk+1 = Axk + Buy + Ewy (1)
vk = Cxx + Fyg

where xx € R™, uy € R™, y, € R™, wy € R™ and v, € R™.
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The two-step set-membership estimation method
Problem formulation

System description

Consider the following discrete-time system:

{ Xk+1 = Axk + Buy + Ewy 1)

Yk = Cx + Fvy

where xx € R™, uy € R™, y, € R, wy € R™ and v, € R™.

Assumption

X0, Wi and v are unknown but bounded as follows

X0 € (po, Ho), wx € W=(0,Hy), weV=(0H,),

where pg € R™, Hy € R™*™ H,, € R™*"™ and H, € R™*"™,
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Objective

@ We aim to estimate a convex X, such that x, € X, for all kK > 0.
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Objective
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@ The two-step method: combination of robust observer design with
reachability analysis.

Robust observer
design

Figure: The schematic of the two-step method.

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021 15 / 53



ibelteestoplsenmembershiplestimationlsthod
Set-membership estimation

Objective
@ We aim to estimate a convex X, such that x, € X, for all kK > 0.

@ The two-step method: combination of robust observer design with
reachability analysis.

Robust observer State point
design estimation

Figure: The schematic of the two-step method.

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021

16 / 53



ibelteestoplsenmembershiplestimationlsthod
Set-membership estimation

Objective
@ We aim to estimate a convex X, such that x, € X, for all kK > 0.

@ The two-step method: combination of robust observer design with
reachability analysis.

Robust observer State point
design estimation

Error system
reachability analysis

Figure: The schematic of the two-step method.

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021

17 / 53



ibelteestoplsenmembershiplestimationlsthod
Set-membership estimation

Objective
@ We aim to estimate a convex X, such that x, € X, for all kK > 0.

@ The two-step method: combination of robust observer design with
reachability analysis.

Robust observer State point
design estimation
Error system Estimation error
reachability analysis reachable set

Figure: The schematic of the two-step method.
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Set-membership estimation

Objective

@ We aim to estimate a convex X, such that x, € X, for all kK > 0.

@ The two-step method: combination of robust observer design with

reachability analysis.

Robust observer
design

State point
estimation

Error system
reachability analysis

.| Set-membership

estimation

Estimation error
reachable set

Figure: The schematic of the two-step method.
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Two-step set-membership estimation

* real state
>k point estimation
1.8 [ set-membership estimation

Figure: The demonstration of the two-step method.

ISet-membership estimation for discrete-time systems: - April, 23rd, 2021 20 /53



ibelteestoplsenmembershiplestimationlsthod
Two-step set-membership estimation

Observer

Rk+1 = AR + Bug + L(yx — CXx) ——— state point estimation
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Two-step set-membership estimation

Observer
Rk+1 = AR + Bug + L(yx — CXx) ——— state point estimation
V.
Error system
reachability analysis
€k+1 = (A — LC)ek + EWk — LFVk _— ey € Ek
V.
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Two-step set-membership estimation

Observer

Rk+1 = AR + Bug + L(yx — CXx) ——— state point estimation

Error system
habili lysi
eri1 = (A= LC)ey + Ewy — LFy, ~2chblvenabvss o g
Set-membership estimation
Xk € X = X @ Ey
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Robust observer design

Size of Ex ——  estimation accuracy J
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Robust observer design

Size of Ex ——  estimation accuracy |

Robust observer design based on H., technique

Given a scalar v > 0, if there exist a positive definite matrix P € R™*" and a
matrix Y € R™*% such that

I, — P * * *
0 21y, * *
0 o —h x| 0
PA—YC PE -YF -P

and L = P71Y, then the transfer function Gey(z) = (zl,, — Ae) ! Be satisfies
|Ged(2)|lco < - Moreover, e is bounded.
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Robust observer design

Size of Ex ——  estimation accuracy |

Robust observer design based on H., technique

Given a scalar v > 0, if there exist a positive definite matrix P € R™*" and a
matrix Y € R™*% such that

I, — P * * *
0 21y, * *
0 o —h x| 0
PA—YC PE -YF -P

and L = P71Y, then the transfer function Gey(z) = (zl,, — Ae) ! Be satisfies
|Ged(2)|lco < - Moreover, e is bounded.

Minimize ~ to increase estimation accuracy )
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Set-membership estimation

Reachability analysis

exi1 € (A= LCYO, H) @ EW @ (—LF)V  — e, € (0, Hy)
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Set-membership estimation

Reachability analysis

exi1 € (A= LCYO, H) @ EW @ (—LF)V  — e, € (0, Hy)

His1= [(A— LC)H, EH, —LFH,]
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Set-membership estimation

Reachability analysis

exi1 € (A= LCYO, H) @ EW @ (—LF)V  — e, € (0, Hy)

Hiy1 = [(A— LC)H, EH, —LFH,]

Set-membership estimation

X € X = <)?k, Hk>, Yk >0
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Set-membership estimation

Reachability analysis

exi1 € (A= LCYO, H) @ EW @ (—LF)V  — e, € (0, Hy)

Hiy1 = [(A— LC)H, EH, —LFH,]

Set-membership estimation

X € X = <)?k, Hk>, Yk >0

Order reduction
Limit the dimension of (0, Hy):

- Hy, m <s;
H, =
Rs(Hy), m>s.
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© Set-membership estimation for regular discrete-time systems

@ Interval estimation based on reachability analysis
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Interval estimation based on reachability analysis
Interval estimation

Interval estimation

e e <€ —— e+ X <x < X+ €
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Interval estimation

Interval estimation

e <e<e — e tX<xk<Xte |
Estimation error
k—1 k—1
e =(A-LC) e+ > (A= LC)YEwimy_i+ Y (A~ LC) (—LFvi_y_;)
i=0 i=0
o
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Interval estimation

Interval estimation
e le<eg —— g+ <xe < X+ e
Estimation error
k—1 _ k—1 _
e =(A-LC) e+ > (A= LC)YEwimy_i+ Y (A~ LC) (—LFvi_y_;)
i=0 i=0
Reachable set
k—1 _ k—1 _
Ev = (A— LC)Eo © (A — LC)EW & @H(A - LC)'(—LFV)
i=0 i=0
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Properties

o Property 1. Give sets S; C R" (i = 1,...,m), the interval hull of their
Minkowski sum satisfies

Box( @ Si) = @ Box(S))
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Set-membership estimation for regular discrete-time systems Interval estimation based on reachability analysis

Properties

o Property 1. Give sets S; C R” (i =1,...,m), the interval hull of their
Minkowski sum satisfies

Box( @ Si) = @ Box(S))

o Property 2. Given two interval vectors [a, b] C R" and [c, d] C R”, their
Minkowski sum satisfies

[a, b] @ [c, d] =[a+c, b+d]
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Interval estimation based on reachability analysis
Interval estimation

Interval hull of error set

k—1 k—1
Box(Ex) = Box((A—LC)' EW) &P Box((A-LC) EW) &P ((A-LC)'(—LFV))
i=0 i=0
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Interval estimation

Interval hull of error set

k—1 k—1
Box(Ex) = Box((A—LC)' EW) &P Box((A-LC) EW) &P ((A-LC)'(—LFV))
i=0 i=0

y

Interval estimation

o Interval estimation of e;: [e,, €] = Box(Ey)
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Interval estimation

Interval hull of error set

k—1 k—1
Box(Ex) = Box((A—LC)' EW) &P Box((A-LC) EW) &P ((A-LC)'(—LFV))
i=0 i=0

v

Interval estimation
@ Interval estimation of e: [e,, €] = Box(Ex)

:&k +§k7

@ Interval estimation of x: N =
Xk = Xk + €k
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Interval estimation

Algorithm 1 Interval estimation based on reachability analysis

Input: ug, yx
Output: X, x,

1: Initialization:

2: X = po, Dy, = EW, D,, = —LFV
3: Sy, =(0,Hg), Sy, =9, Sy, =9

4: for k > 0 do

5: [ex, €k] = Box(Sx,) © Sw, ©S.,
6: Xk = Xk + €k

T Xy = X+ ey

8: Xk+1 = AXx + Bug + L(yk — C)?k)
9: SXk+1 =(A— LC)st

10: Sw,.. = Sw, ® Box(Dy,)
11: Sv.., =S, @Box(D,,)
12: D.,,=(A-LC)D
13: D,,,=(A-LC)D,
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Comparison with other methods

Comparison (theoretically provable)

Under the same conditions:
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Interval estimation based on reachability analysis
Comparison with other methods

Comparison (theoretically provable)
Under the same conditions:

@ The interval estimation obtained by Algorithm 1 is more accurate than that
by the zonotope-based method!!l;

[1] Combastel C. Zonotopes and Kalman observers: Gain optimality under distinct uncertainty
paradigms and robust convergence[J]. Automatica, 2015, 55:265-273.

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021 29 /53



Interval estimation based on reachability analysis
Comparison with other methods

Comparison (theoretically provable)
Under the same conditions:

@ The interval estimation obtained by Algorithm 1 is more accurate than that
by the zonotope-based method!!l;

@ The interval estimation obtained by Algorithm 1 is more accurate than that
by the regular interval observer?;

[1] Combastel C. Zonotopes and Kalman observers: Gain optimality under distinct uncertainty
paradigms and robust convergence[J]. Automatica, 2015, 55:265-273.

[2] Efimov D, Rassi T. Design of interval observers for uncertain dynamical systems[J].
Automation and Remote Control, 2016, 77(2):191-225.

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021 29 /53



Intervallestimation|basedlonlfescnabilifyjanalyss
Comparison with other methods

Comparison (theoretically provable)
Under the same conditions:

@ The interval estimation obtained by Algorithm 1 is more accurate than that
by the zonotope-based method!!l;

@ The interval estimation obtained by Algorithm 1 is more accurate than that
by the regular interval observer?;

@ The interval estimation obtained by Algorithm 1 is more accurate than that
by the interval observer based on coordinate transformation[3!:

[1] Combastel C. Zonotopes and Kalman observers: Gain optimality under distinct uncertainty
paradigms and robust convergence[J]. Automatica, 2015, 55:265-273.

[2] Efimov D, Rassi T. Design of interval observers for uncertain dynamical systems[J].
Automation and Remote Control, 2016, 77(2):191-225.

[3] Efimov D, Perruquetti W, Rassi T, et al. On interval observer design for timeinvariant
discrete-time systems[C]. Proceedings of 2013 European Control Conference, Zurich,
Switzerland: |IEEE, 2013: 2651-2656.
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Simulation results

Set-membership estimation for regular discrete-time systems Interval estimation based on reachability analysis

Consider a DC motor?:
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n|l =10 =% % nl + (0] wu.
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1Buciakowski M, Witczak M, Mrugalski M, et al. A quadratic boundedness
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Set-membership estimation for regular discrete-time systems Interval estimation based on reachability analysis

Consider a DC motor?:

0 0 1 0 0 0
n|l =10 =% % nl + (0] wu.
oo & UL
The discrete-time model parameters:
1 0.1 0 0
A= 1[0 0.8495 0.4977
0

. B=1| o0

7C:B (1) 8},E:I3,F:lg.
—0.0357 0.9995 0.0729

Disturbance and measurement noise:

0.0225
we| < |0.0225] , |vk<{8'8§2ﬂ.
0.0404 ’

1Buciakowski M, Witczak M, Mrugalski M, et al. A quadratic boundedness
approach to robust DC motor fault estimation[J]. Control Engineering Practice, 2017,
66:181-194.
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Interval estimation based on reachability analysis
Simulation results

[xk, Xk]-Algorithm 1;

[x}, X%]-zonotope-based method(ll:
[x}, Xi]-regular interval observer!?;
[xt, X}]-interval observer based on
coordinate transformation[3!

L1—the observer gain designed by
the proposed method;

Lo—the observer gain designed under
K interval observer constraint
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Interval estimation based on reachability analysis
Simulation results
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[xk, Xk]-Algorithm 1;

[x}, X%]-zonotope-based method(ll:
[x}, Xi]-regular interval observer!?;
[xt, X}]-interval observer based on
coordinate transformation[3!

L1—the observer gain designed by
the proposed method;

Lo—the observer gain designed under

interval observer constraint
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Set-membership estimation for descriptor systems

© Set-membership estimation for descriptor systems
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Problem formulation

System description

Consider the following descriptor system:

{ Exx+1 = Axk + Buy + D, wy (2)

ik = Cxi + Dyvie
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Set-membership estimation for descriptor systems

Problem formulation

System description

Consider the following descriptor system:

Exx+1 = Axk + Buy + D, wy
Yk = Cxx + Dy v

()

Assumptions

e Assumption 1. (UBB, Unknown But Bounded):

Xo € <)?0, H0>, we € W = <0, HW>7 vk €V =

(0, Hy).
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Set-membership estimation for descriptor systems

Problem formulation

System description

Consider the following descriptor system:

Exx+1 = Axk + Buy + D, wy
Yk = Cxx + Dy v

()

Assumptions

e Assumption 1. (UBB, Unknown But Bounded):
Xo € <)?0, H0>, Wy € W = <O, HW>7 Vi € V = <O,

e Assumption 2. (Observable):

H,).

rank [a = n,, rank [ c ] =n,, zeC.
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Two-step set-membership estimation

Observer

Xk = TAXk—1+ TBug—1+L(yk—1—Rk—1)+Nyx ~——— state point estimation
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Two-step set-membership estimation

Observer

Xk = TAXk—1+ TBug—1+L(yk—1—Rk—1)+Nyx ~——— state point estimation

TE + NC = I,
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Two-step set-membership estimation
Observer

Xk = TAXk—1+ TBug—1+L(yk—1—Rk—1)+Nyx ~——— state point estimation

TE + NC = I,

Error system

ex = (TA — LC)ek_l + TDywi_1 — LDyvk_1 — ND,vi, — e € E, = <0, Hk>

y

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021 36 /53



Two-step set-membership estimation
Observer

Xk = TAXk—1+ TBug—1+L(yk—1—Rk—1)+Nyx ~——— state point estimation

TE + NC = I,

Error system

ex = (TA - LC)ek_l + TD,wi_1 — LD,vk_1 — ND,viy, —— e, € Ex = <O7 Hk>

y

Set-membership estimation

X € X = X @ Eg
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Robust observer design

Robust observer design based on H.. technique

Given a scalar v > 0, if there exist a positive definite matrix P € R™*"x and

matrices W € R™*m Y € R%*(m+ny) guch that

I, — P * * *
0 —¥21,, * *
0 0 —21,, *
0 0 0 —21,,
921 Q, Qs Qq

Q = POt A+ YWy A— WC,

Q, = P@TDW + YVa;D,,
Q3 =-WD,,
Q4 = _PQTCE2DV - Y\UOQDV,

V=l —OOT

* % ¥ %

—P

0

o ]

ny

<0,
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Set-membership estimation for descriptor systems

Robust observer design

Robust observer design based on H., technique
and T, N, L satisfy
T = QTal + p-1 YVaq,
N = @TOQ + p-1 Y\UOQ,
L=P 1w
then, estimation error is robust against disturbance and noise, and satisfies
| Gea(2)[loc < -
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Set-membership estimation for descriptor systems

Robust observer design

Robust observer design based on H., technique

and T, N, L satisfy
T =06%a; + P 1YVay,
N = @TOQ + p-1 Y\UOQ,
L=P W

then, estimation error is robust against disturbance and noise, and satisfies
| Ged(2) |0 < -

Optimization

Minimize ~ to increase estimation accuracy
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Set-membership estimation

Reachability analysis

exs1 € (TA— LC)(0, Hy) @ TD, (0, H,) ® (—LD,){0, H,) ® (—ND,)(0, H,)
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Set-membership estimation

Reachability analysis

exs1 € (TA— LC)(0, Hy) @ TD, (0, H,) ® (—LD,){0, H,) ® (—ND,)(0, H,)

ex € Ex = (0, Hy) — Hyo1 = [(TA— LC)H TDwH, —LD,H, —ND,H,]

v
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Set-membership estimation

Reachability analysis

exs1 € (TA— LC)(0, Hy) @ TD, (0, H,) ® (—LD,){0, H,) ® (—ND,)(0, H,)

ex € Ex = (0,Hy) — Hiyn = [(TA— LC)F  TD,H, —LD,H, —ND,H,]

v

Set-membership estimation

X € X = <)?k, Hk>, Vk >0
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Interval estimation

Interval estimation

e <e<e —— X+er < xe <X+ €
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Set-membership estimation for descriptor systems

Interval estimation

Interval estimation

e <le<eg — Xte <xp < Xetex

Estimation error

k—1 k—1
e =(TA—LC) e+ Y (TA— LC)' TDywi—1-i + Y _(TA— LC)(=LDyvi—1-))
i=0 i=0

k—1
+ > (TA— LCY(~ND,vi_;)
Jj=0

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021 40 /53



Set-membership estimation for descriptor systems

Interval estimation

Interval estimation

e <le<eg — Xte <xe < Xe+ex

Estimation error

k—1 k—1
e =(TA—LC) ey + Y (TA— LC) TDywi—1—i + % (TA— LC)'(~LD, )
i=0 i=0

k—1
+ 3 (TA— LCY(-ND, )
j=0
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Set-membership estimation for descriptor systems

k—1
e =(TA— L)y + Y (TA— LC) TDywi—i — (TA— LC)*" LD, v
i=0
k—2 .
— NDyvic + Y (TA— LC)'[(LC — TA)ND, — LD, Jvi—1—i, Kk > 2
i=0
e]- = (TA - LC)eO + TDWWO - LDVVO — NDVV1
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Set-membership estimation for descriptor systems

k—1
e =(TA= LC) ey + Y (TA— LC)' TDywi—i — (TA— LC)*"'LD, v
i=0

k—2
— NDy(v)+ Y (TA—= LC)[(LC — TA)ND, — LDV], k> 2
i=0

er = (TA— LC)ey + TDywo — LD, vy — ND, v,
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Set-membership estimation for descriptor systems

k—1
e =(TA= LC) ey + Y (TA— LC)' TDywi—i — (TA— LC)*"'LD, v
i=0

k—2
— NDy(v)+ Y (TA—= LC)[(LC — TA)ND, — LDV], k> 2
i=0

er = (TA— LC)ey + TDywo — LD, vy — ND, v,

Reachable sets

k—1
Ex = (TA— LC)*Eo & P(TA— LC) TD,W @ [—(TA— LC)* LD,V
i=0
k—2
@ (~ND,)V & EP(TA — LC)[(LC — TAND, — LD,)V, Kk >2
i=0

E;=(TA-LC)Ec® TD,W & (—LD,)V & (—ND,)V

4
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Interval estimation

Interval estimation of ex

[gka Ek] = BOX(Ek)a k>0
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Set-membership estimation for descriptor systems

Interval estimation

Interval estimation of ex

[Qk, Ek] = BOX(Ek), k Z 0

v
Interval estimation of x;
Xy = Xk + &
Xk = X + €k
v

Wentao Tang (HIT) ISet-membership estimation for discrete-time systems: - April, 23rd, 2021 44 / 53



Set-membership estimation for descriptor systems

Algorithm 1 Interval estimation based on reachability analysis

Input: wuy, yi

Output: 7y,

1: Initialization:

2. Xog = (0, Hy), &0 =po, Mo=D,W, Dy=0, Nyg=, Say=
—-LD,V, Sby = —ND,V, Scy = &, [ey, ¢] = Box(Xy), Tp =
o+ e, Zy=To+ e

3. for k > 0 do

4 X, =(TA—- LC)X)—1

5: Dy, = Dj_1 & Box(My,_1)

6: Nj = Nj—1 @ Box(Say_1) @ Box(Sb,_1) ® Box(Sci_1)

7 M, =(TA— LC)M,_,

8: Sar = (TA— LC)Say—1

9: Sb, = (T'A— LC)Sby—1

10: if £k =1 then

11 Sex = ((LC = TA)ND, — LD,)V

12: Sc, = (TA— LC)Scy—4

13: [Ex, ex] = Box(X},) @ Dy & Ny

14: Ty = TA&p—1 +TBup—1+ L(yg—1 — CZy—1) + Nyi

5 T =@+ e

16: T, =T+ ¢

Wentao Tang (HIT) Set-membership estimation for discrete-time systems: - April, 23rd, 2021

45 / 53



Simulation results

Consider a numerical system with parameters as follows:

100 05 0 0 10
E=|0 1 ol, A= |08 095 0|, B=|0 1],
000 -1 05 1 00

1 0 1
C=| 1 o Dw=h D=k
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Simulation results

Consider a numerical system with parameters as follows:

100 05 0 0 10
E=|0 1 ol, A= |08 095 0|, B=|0 1],
000 -1 05 1 00

1 0
C=| 1 o Dw=h D=k

Disturbance and measurement noise: wy € (0, 0.15), v, € (0, 0.1h).
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Set-membership estimation for descriptor systems

Simulation results

Consider a numerical system with parameters as follows:

100 05 0 0 10
E=|0 1 ol, A= |08 095 0|, B=|0 1],
000 -1 05 1 00

1 0
C=| 1 o Dw=h D=k

Disturbance and measurement noise: wy € (0, 0.15), v, € (0, 0.1h).

0.8941  0.1059  0.3783 0 0.1059
T= 0691 03099 05364 |, N= |0 -0.6901],
—0.8941 -0.1059 —0.3783 1 —0.1059

0.1546 —0.1744
L= 02156 —0.3246
—0.1545 0.1743
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Set-m rship estimation for descriptor systems

Simulation results
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77777 the method in [4]

[4] Wang Y, Puig V, Cembrano G. Set-membership approach and Kalman observer based on

zonotopes for discrete-time descriptor systems[J]. Automatica, 2018, 93:435443.
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Simulation results

state — — — - the proposed method —-—-—-- the method in [4]
/

-~

X, (3)

30 35 40
k

[4] Wang Y, Puig V, Cembrano G. Set-membership approach and Kalman observer based on

zonotopes for discrete-time descriptor systems[J]. Automatica, 2018, 93:435443.
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Conclusion

@ We propose a two-step set-membership estimation method by combining
robust observer design with reachability analysis technique;

@ Under the same condition, the proposed method can obtain more accurate
estimation than the exiting methods;

@ The proposed two-step method is extended to descriptor systems.

Outlook

@ Extend the proposed two-step method to nonlinear systems;
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Conclusion and outlook

Conclusion and outlook

Conclusion

@ We propose a two-step set-membership estimation method by combining
robust observer design with reachability analysis technique;

@ Under the same condition, the proposed method can obtain more accurate
estimation than the exiting methods;

@ The proposed two-step method is extended to descriptor systems.

Outlook
@ Extend the proposed two-step method to nonlinear systems;

@ Apply the two-step method to robust control for instance the constrained
MPC.
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Conclusion and outlook

Thanks for your attention!
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