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The system

Tr1 = f(xk, wk) T
T € Xk
WE € W

yr = Cxy + vg,
’UkEV

EKF, Luenberger Observer, MHE, SSE, etc.

Set-based State Estimation (SSE)
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Set-based State Estimation (SSE)

Construction of the output set A
X2

H,={xzeR" |Cx—y, €V}

Dynamic propagation b
X
Hy,
Tp—1 € Xg—1
F(Xp_1, W) = T, W
(Xp1, W) {ful )| }
F(Xk—lvw)

Update process

X = F(Xk—l,W) N H Xp—1

I g
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Linear and nonlinear dependencies

2k
1,
A= %(x,O) and B = %(:{J,O)
Zk+1
Nonlinear contribution
Zk
Gr+1 = f(qx,0) I
241 = A(qr)zi + wi

Linear contribution (A(qx)zk)
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Set-based state estimation for uncertain systems

We can add nonlinearities and uncertainties in a unique set

2, € Zp }

O (qw, Z1) 2 { B(gr)wk + 1y (qr, 2k, W) ‘ wy, € W

Uncertainties Nonlinearities

The computation of the set where the state lies is given by

Propigation

I N\

Zy = LA(Qk—l)Zk—l D Q—1(q—1,Zk—1)|N [Hi O {Qk:}l
Uﬁaate

Over-approximation
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Polytopes
Half-space representation H-Rep
P(G,h) ={x|Gx < h} P
\
Basic operations
Intersection P1(G1, h1) [ P2(Ga, hs) I
Linear transformation Pao(Ga, ha) = SP1(G1,h1) +q

o G1 hl
Pﬂ - [GQ] X S [hQ]
P2(Ga, ho) = P1(G1S™ 1 hi + G151 q) /w
|
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Polytopes

Minkowski sum Pi1 @ Po

P1(G1,h1) ® Pa(Ga, ha) CYP(MG1, Mhy + Nho)
s.t. MG1 = NG P

Necessary Condition P1 @ Py

Facet reduction

P1(G1, h1) C Pa(Ga, ha)

Po(AG1, Ahy)

Necessary Condition

Valero, Villanueva, Houska, Paulen Set-Based State Estimation: A polytopic approach




SSE for Nonlinear Systems using Polytopes

Assumptions

There is a given polytope with uncertainties and nonlinearities.

Q g Pw(Gwhw)

The noise in the measurements is within a known polytope.

V C Py(Gy, hy)
The initial state of the system is contained in a polytope.
Xo € Po(Go, ho)

Propagation step
Prt11k(Grt1ik> Pet1)k) 2 APr(Gr, hi) © Py (G, hy)

Update step
Prt1 (Git1, Pig1) 2 P (Grtajos Pt i) N Poir1(Go, o)

Output Polytope
7Do,k%—l((;’m ho) — Gucxk—l—l S hz/ + Gl/ym,k—l—l
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SSE for Nonlinear Systems using Polytopes

(Grt1, het1) = argmi? Z lagball5

A Myhy, + Nihy,
hv + Gvyk-l—l
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Case study: A Double Integrator

A= <(1) D B := (g) C:=(1 0),

Constraints Initial Conditions
u e [—1,1] 1 0 32
20 0 1 11
1 0 1 o= (10) Po=1_1 o |*=]|-15
0 1 1 0 —1 —6
Wi € Py = q K < )
0 —1 1
Output Control
yr = Cx + 1y Q=I,R=1
v, € [—1,1] Classic LQR
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- = ‘ | e The method proposed reduced the feasible set.

| 1 e In some time steps, the algorithm finds larger

approximations than usual. But the result is still
consistent and valid.

e In each time step, the corresponding polytope
contains the state of the system.

-10

/ | e Our computational experience shows that it is
—sQ =& SE— not always possible to find the global solution.
3 20 -0 0 10 20 30 40 50 60 70
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States and Bounds

A

X2
Real State
Upper bound $ = = = = = = = = — EEEE—

Chebyshev center

I
I
Lower bound :

1
Lower bound Upper bound
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States and Bounds
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A simple comparison

Parallelotopes versus polytopes Polytlopelapproa(?h Pgrallglotqpe @pprpach
Wi — 0
Output ; - 1 g
yr = Cx + vy
Vi € [—1,1] o—g o . o—%
Z
V
o~ 4 D %
. SIRIEE 1 %L g
Initial polytope. % /
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Conclusions

e A new method of set-membership set-based state estimation using polytopes was proposed.

e The estimation method solves only a single NLP to propagate, update, and reduce the polytope
in every step time.

Questions:
e The approach was tested using the double integrator. carlos.valero@stuba.sk

e [t was demonstrated that the obtained estimates are consistent and valid.

e The computational complexity of the proposed approach is considerable and good initialization
procedures are needed.

e Future works will focus on developing a sophisticated tuning method, as well as, testing the
method against other set-membership estimation algorithms.
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