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1 Stateobservation

A dynamical systen® is modelled in discrete-time:
z(k+1)=Axz(k)+ Bu(k), 1)
y(k) = Cx(k) + Du(k). (2)
The aim of state observation is to reconstruct the value ®f th

state vectote(k), 0 < k < k, given the model of the process
and its input-output sequence over a given time hor{goh|:

U=U@©...k) = (w0),u(1),...,uk)),

Y =Y (0...k) = (y(0),y(1),...,y(k)). T

This is described in [1] and shown in Fig. 1. The most common  Figure 2: State trajectories for an uncertain system
Luenberger observer is designed such that

lim &(k) = x°(k). (3) As shown in Fig. 2, the state trajectory reconstructed for an
koo uncertain system is not unique. Even if the initial state was
exactly known (.e. (0) = x(), input uncertainty allows for a
U° Y* bundle of state trajectories. Aftértime steps, the state is only
Processs known to belong to a set,,, (k). This uncertainty increases
(z°) when the initial state is uncertain as wele(x(0) € Xj).

Furthermore, standard observers do not offer any infoomati
on the observation erref(k) = |z (k) — &(k)|.
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* & These drawbacks motivate the search of an alternative@olut
to the state observation of uncertain systems. As sets af inp
Figure 1: Observation of dynamical systems and output are considered, and because of the intrinsiachar
teristics of such systems, it is proposed to determine & saft
states which is guaranteed to include the true state:
2 Observation of uncertain systems x°(k) € X (k). (6)

The state observation approach supposes an exact knovaddéis task is referred to as a set-membership state obsamyati
both the mode§ and the input-output sequences. This is nevef state-set observation.
the case in practice because the accuracy of process medels i

limited and measurements are affected by noise or measwe- . .
ment error. The process knowledgeuixertain. %{ Algorlthm for set observation

At first, the project focuses on measurement errors. Thas, % : . . .
true input and output sequencdg°, Y °) are unknown, and . IS section bngﬂy d(_ascrlbes the state-set observ_atlgn—al
S ' ' rithm used in this project. A graphical representation @& th

only biased sequence®’, Y') are measured. The error Causessfeps involved in this algorithm are shown in Fig. 3 for a

E(r)%%edr;yfo(?ghitg e??gf;rgea:sthar;nee ddi(n(l)cwt]r.us project an UPPEcond order system. A polytopic set representation was use

i . B . for the implementation of the algorithm. Further details ar
(k) —u®(k)| < eu(k) and [g(k) —y°(k)| < ey(k).  foundin[2].

Therefore, at each time step, two sets Given:

Uk)={ueR™ | |alk) —u| <e.k)} @) e the model(A, B, C, D) of a processS,

and Y(k)={y eR" | |g(k) —y| < e,(k)} (5) e measurements sequen¢és, Y)(0...k),
e uncertainty bounds on the input and outpeit, e, ).

exist which are guaranteed to include the true input andututp e an a-priori state-set; (possiblyxy = R™),
5th April 2006



T 1 (Ym(/‘”) T

1
] X (k)
X(k—1) '] X (k)
N h
(k)
T2 To T2
(a) Predicted set (b) Measured set (c) Corrected set (d) Approximated set

Figure 3: Graphical representation of a polytopic statebservation steps. Example of a second order system |z, 72)7 .

Figure 4: Graphical representation of set observatiorsstep

Computein arecursive loop (initialise k := 0): input(s) state(s)
1. The input and output set& k), Y (k) from Egs. (4)—(5) 32] ‘ - 2 ==
2. The predicted set), (k) 3 WWWWMM < 10
3. The measured Sétm(k) 2l80 05 1 15 2 Oo 05 1 15 2
4. The corrected set (k) 2 4
5. The overapproximated s@(k) = ' <2
6. Ifk < k,setk:=k+1andgotoStep 1, -1 0
. . 0 0.5 1 15 2 0 0.5 1 15 2
otherwise exit the loop. time s
. < 1/ \\///7\‘\;‘
Result: - - . Y
The state-setd’(k), 0 < k < k, verifying (6). o o5 1 15 2
Description of the computed sets x"; G
The predicted set is computed using the Equation (1). | output) T S
represents the set state§:) reachable within one time step: 4 2
X,(k)={x eR" |z =Az'+ Bu, ;ZK oy
x' e Xk—-1),ueld(k—- 1)} @) % 05 1 15 2 760 05 1 15 2

If £ =0, the setis initialised ast, (0) = Xb.
For the measured set, the output equation (2) is used to
determine:

X (k) ={xz eR"| (Cx+Du) € Y(k),u cU(k)}. (8) lines).

Figure 5: Example of a state-set observation

The corrected set is the best possible approximation of theurrent research interest lies in the analysis of set-ohbdity
state-set at timé and is obtained as the intersection: criteria, and the achievable precision of the state esiimaf
Xn(k) = Xy (k) N X, (k). (9) further research branch deals with the consistency-based d
nosis, using the set observer to test consistency of modéels a

While these first steps are theoretically sufficient to pursimput-output measurements, see [3, 4, 5].
a set observation, it is necessary in practise to add a step
which keeps the computation burden constant in all recur-
sions. Indeed, each intersection increases the complekity
representation of the state-set (additional faces apmeseen
in Fig. 3(c)). This may be eluded by searching the small
overapproximated set which wraps the corrected set into ‘References
simpler set€.g. wrapping the set inside an interval box): [1] Lunze, J.:Automatisierungstechnik, Oldenburg-Verlag, 2003.

X(k) D Xm(]f), (10) [2] Planchon, P.:Polytopic state-set observation: Completeness and appli-

cation to diagnosis, Ruhr-Universitat Bochum, Lehrstuhl fir Automa-
tisierungstechnik und Prozessinformatik Bochum, 2006.
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projected along each state dimension in order to grapkicalffl Planchon, P.; Lunze, L.Robust diagnos's using state-set observation,
represent them. This results, as seen in the right side of the Proceedings of SAFEPROCESS, Beijing, China, 2006 (to appea
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