
A Luenberger observer for an infinite dimensional system with
disturbances at the boundary: a UV disinfection example

Dirk Vries, Karel J. Keesman

Dept. of Agrotechnology and Food Sc.

Systems and Control Group

Wageningen University, Wageningen, The Netherlands

Email: dirk.vries@wur.nl, karel.keesman@wur.nl

Hans Zwart

Dept. of Applied Mathematics

Systems Signals and Control Group

University of Twente, The Netherlands

Email: h.j.zwart@ewi.tu.nl

Abstract - Inspired by a convection-diffusion process in in-
dustry, we design an asymptotic strong Luenberger-like ob-
server which is dependent on boundary observations. The
observer is constructed using the theory of boundary control
systems [2], instead of following the route of Bounit and
Hammouri [1]. A disinfection process in an annular reac-
tor is used as an inspiring example and further worked out.
In this example, it is also shown that the performance of
the boundary observer is very sensitive to the change of the
diffusion-convection ratio.

1 Case Study: a UV disinfection process

In greenhouse drain water infestation and disinfection of
fluid food products,annulartube reactors are the most com-
monly applied reactor types to reduce pathogenic bacteria or
viruses by UV light disinfection. In annular photoreactors
the lamp tube is placed along the flow direction. We take an
annular reactor as our model system, with output boundary
observationsy(t) of the active biomass concentrationw(x,t),
as input the fluence intensity of the lamp and a measured
boundary disturbanceud(t) = w(0,t). We consider (i) the
modeling of dispersion phenomena by diffusion–advection
laws and (ii) biomass deactivation by ultraviolet irradiation
obeying first order kinetics with constant lamp input. This,
along with some other (simplifying) assumptions lead to,

ΣM :=



















∂
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y(t) = w(1,t)

(1)

with α the diffusion constant,v the convective flow velocity
andβ the degree of inactivation.

2 Theory and Results

We propose the following observer with asymptotic decreas-
ing errorε = w− ŵ ast → 0,

˙̂w(t) = Aŵ(t)
Bobs

1 ẑ(t) = B1ŵ(t)
Bobs

2 ẑ(t) = B2ŵ(t)+L(ŷ(t)−y(t))
Cŵ(t) = ŷ(t)

(2)

where(A, D(A)) is an infinitesimal generator of a contrac-
tion C0-semigroup on a Hilbert spaceZ, Bobs

i , i = 1,2 and
C are boundary operators.

With finite differences, the influence of the observer gain on
the system matrix is inspected and depicted in the following
figure (α = 1, β = 1):
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For low Peclet numbers (low velocity - diffusion ratio) and
mild inactivation, the sensitivity of the smallest real eigen-
value of the error dynamics of the observer system to the
gainL is strongest.

3 Future work

Currently, system (1) in connection with a boundary ob-
server is investigated in the bilinear setting,i.e., where the
lamp fluence rate is considered as a control variable, hence
β (t) := k1u(t), with k1 a susceptibility constant.
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