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Chapter 4

Partial pressure controller design and
implementation

This last chapter of Part I will be used for partial pressure controller design and
implementation, to a modification of the experimental presented in Chapter 3

and for controlling sodium partial pressure (or absorbance levels). The controllers
that we propose in this section are not based on the free molecular flow (FMF) model
from Chapter 2, due to the costly identification process for such a model. We will
instead use a more simple, but stochastic, input-output map to obtain some of the
required insights for controller design.

The remainder of the chapter is structured as follows. In Section 4.1 we present
the modifications to our experimental setup. After this, Section 4.2 will be used
to investigate the evaporation process further by describing it through a stochastic
input-output mapping. Section 4.3 will subsequently be used to introduce our first
controller design. This is a proportional integral controller with feedforward com-
ponent, which we will denote as the PIFF controller. We follow up in Section 4.4
with another controller design. This is a model-free proportional integral controller,
which we will denote as the MFPI controller. Then, we compare the two controller
performances in Section 4.5. Lastly, we conclude the chapter and this part of the
thesis in Section 4.6.

4.1 Experimental setup for partial pressure control

We will consider an adaptation of our experimental setup presented in Section 3.2
here. The main differences are the removal of the cold spot and the addition of
leakage (e.g. a small hole) to the process. We can change the size of this hole between
runs to simulate variations in processing conditions. The setup is accordingly shown
in Fig. 4.1. All other components, including the atomic absorption spectroscopy
(AAS) sensor are configured as in Section 3.2.

We no longer require the cold spot since its primary purpose was to enable oper-
ation in the vapor pressure, allowing us to calibrate the AAS measurement. We are
now interested in actively controlling the dispenser current instead of the cold spot
temperature. The implementation of leakage furthermore causes the system to be
strictly dissipative in the operating regions that are of interest to us, as pressure will
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Figure 4.1: Experimental setup configuration for controller implementation
We show our experimental setup for partial pressure controller implementation. The setup has two key differences

with the setup presented in Section 3.2, namely the removal of the cooling element and the addition of a leakage hole.

Further details can be found in Section 3.2.

decrease over time when not actuated. This in turn simplifies the controller design
for this system.

For such a setup, we are accordingly interested in generating an input current
u(t) which allows us to steer the absorbance λ(t) to desired (equilibrium) values.
Such an approach is similar to defining desired (sodium) pressure levels Λ(t), as we
have shown in Chapter 3.

The stabilization of absorbance occurs around an equilibrium where precursor
gas inflow equals the outflow or leakage of the same precursor gas. For a given
geometry (without variable leakage), the outflow is solely dependent on the partial
pressure and will therefore be constant for a constant equilibrium. Any observed
variations accordingly find cause in the evaporation sources. There are two major
types of variations for these evaporation sources. The first is the variation between
evaporation sources that are observed run-to-run. The second are variations due to
the evaporation history of a single evaporation source, e.g. variation occurring in a
run.

What exacerbates our control problem is that ab initio characterization of these
variations is difficult, and somewhat insensible. The difficulty arises due to the res-
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olution on which the variations exist, which is very small. Indeed, it is accordingly
more interesting to investigate how we can correct for the variations online, as we
already have a partial pressure sensor with excellent resolution available. In order
to make a sensible choice of controller (and model), we first need to improve our
understanding on the variations.

4.2 Evaporation process modeling

Let us begin this section by providing a more extensive explanation on why we are
not ready to apply the model that we have presented in Chapter 2 for this controller
design purpose. The FMF model requires a very good understanding of system dy-
namics, including the evaporation dynamics. It should allow us to map an input
current u, applied to an evaporation source, to fluxes on surfaces with satisfactory
accuracy. Such a function can be characterized using the AAS measurement that we
have introduced in Chapter 3, however it has to deal with both run-to-run variations
and time (or evaporation history) dependent variations that are displayed by such
evaporation sources. There is furthermore another source of variations that indi-
rectly influences evaporator performance, which is the temperature of the environ-
ment. The evaporation source can heat up the surrounding bodies, causing its own
temperature to change (rise) for a very long time before an equilibrium is reached.
The interaction of these various sources of variation is complicated and determin-
istic modeling hence requires either a good control over such conditions or many
observations, including surrounding temperatures. Both of which are costly. We are
accordingly not ready to identify a deterministic relation between the evaporation
source input u and the generated fluxes.

We will use a stochastic input-output mapping as an alternative to a deterministic
function in order to describe the evaporation behaviour. In the remainder of this sec-
tion we will present a mathematical description that can describe the variations that
are observed in the evaporation sources. We will subsequently use this description
to motivate controller design choices.

4.2.1 Stochastic input-output mapping

We will now perform a mathematical investigation of the stochastic evaporation pro-
cess. Suppose that we have a measure of evaporation history given by ρ and a mea-
sure of surrounding temperatures given by ς . Then, let us define a probability den-
sity function (pdf) Υ : (u, λ, ρ, ς) → R≥0, with u the evaporation source input current
and λ the measured absorbance. Considering such a pdf has the advantage that we
can allow multiple possible realizations, in particular for input-output pairs (u, λ),
e.g. for each value of u there can be multiple values of λ and vice versa. Character-
izing Υ provides (almost) the same difficulties that we have discussed earlier for the
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Figure 4.2: Graphical example of two input-output trajectories
We show an illustration of relations between input-output pairs (u, λ). The set Γ contains all possible combinations

of (u, λ) and a specific realization is at any time uncertain. There is furthermore a deadzone in the low ranges of

the input current u, where the measured absorbance λ does not change because u is too low to cause any significant

evaporation to occur. The figure furthermore depicts two possible trajectories (for two different evaporation sources),

which propagate with discrete time steps k, through the set Γ. These trajectories show different behaviour, making

them difficult to predict.

deterministic mapping. We are therefore interested in simplifying this function so
that we are left with a relatively simple identification problem.

In order to achieve this, we can consider a marginalization of Υ as

Υu,λ(u, λ) =

∫
T

∫
R
Υ(u, λ, ρ, ς)dρ dς, (4.1)

with R the domain of ρ and T the domain of ς . This simplification will affect the sys-
tem by further increasing the variations of λ for a given u and vice versa. Identifying
Υu,λ is significantly more simple than identifying Υ, but still requires a large number
of observed input output pairs (u, λ). We can simplify things further by considering
the set of possible input-output pairs. This set is given by

Γ = {u, λ |Υu,λ(u, λ) > 0}. (4.2)

Here, Γ can accordingly be considered as the collection of input-output pairs (u, λ)

that can be observed in practise.

4.2.2 Controller design choices

The set Γ (as in (4.2)) can be estimated with relatively few observations and can
therefore provide a good basis for controller design. Each evaporation source will
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have a trajectory through Γ, with input-output pairs (u, λ) that change over time.
Two examples of such trajectories are shown in Fig. 4.2. The examples illustrate
the input-output characteristics that we need to consider for our controller designs.
These characteristics are the following:

1. There is a deadzone, which is the region where insufficient input current u is
applied to the system for any significant evaporation to occur. The size of the
deadzone varies between evaporation sources.

2. There is a time delay between the reaction of the output and the change in
input that causes this reaction.

3. There is a wide spread in possible input values corresponding to an absorbance
level.

4. The behaviour of the trajectories of input-output pairs is difficult to predict.
We cannot directly put an expectation on the evolution of such a trajectory as
they experience effects that we do not characterize, such as the influences of ρ
and T .

5. We have, for all (u, λ) ∈ Γ that
∂λ

∂u
≥ 0. (4.3)

There are several ways to deal with the input-output characteristics listed above.
Our controller should find and apply an input ud, which realizes a desired absorbance
λd. Generally, we can approach the (implicit) nonlinearities such as the deadzone in
the problem by considering either a nonlinear feedforward component or a nonlin-
ear feedback component. Design of such a feedback component is typically model
based and is therefore not trivial to design in this situation. It is furthermore not
directly required since the absorbance λ always increases with the input u, e.g. there
are no sign changes in accordance with (4.3). On the other hand, designing a feedfor-
ward component can be fairly straightforward. Such a feedforward component can
bring the input in the neighbourhood of ud, so that a linear feedback term correct for
the remaining difference. Such a linear feedback term can, however, still experience
difficulties from the time delay in our system.

For our first controller design, we will consider a proportional integral controller
with a feedforward component which is determined offline. We present this con-
troller design in Section 4.3. For our second controller design, we will use an adap-
tation of the model-free proportional integral controller design presented in (Fliess
and Join 2013). Here, a local model is identified online, which is then directly used
in the control law. This controller design is presented in Section 4.4.
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Figure 4.3: Overview of observed relations between input and absorbance
We show all empirically observed input-output pairs, used for identification of the feedforward component of the

controller in Section 4.3. The observed data together form a set which is an approximation of Γ. The middle of

the observed data, for each investigated u value, can be connected to determine the function Φ. This function is in

turn used as a feedforward component for the controller in Section 4.3. We lastly observe a deadzone for low input

current values (we will consider this to hold for u < 3), at which the evaporation sources are heated insufficiently

for any evaporation to occur.

4.3 PI controller with feedforward component

In this section, we will implement a proportional integral controller with a feedfor-
ward component (e.g. the PIFF controller). Such a feedforward component can allow
the controller to better deal with, for example, nonlinearities observed in the vector
field. The feedforward component can bring the input close enough to the desired
level ud, allowing the linear feedback term to deal with the local dynamics around
ud. We will start by identifying a candidate form for such a feedforward component,
in order to present our controller design. Lastly, we will present experimental results
and discuss the controller performance.

4.3.1 Obtaining the feedforward component

We use this section to obtain a feedforward component for a PI controller. Lacking
a model of the process, we will start by gathering empirical input-output pair data
from our experimental setup so that we can estimate Γ. We will subsequently use
knowledge on Γ to obtain a mapping Φ : u → λ, so that λ is close to the center of Γ.

The identification experiment for Γ consists of three input current cycles that are
applied to two different evaporation sources. One cycle applies input current in a
stepwise manner, ranging between 2 and 4.2A. The obtained input-output pairs and
Γ are accordingly shown in Fig. 4.3. We consider the deadzone to exist for u < 3A.

Let us now determine Φ : u → λ. We will consider the middle of the observed
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Figure 4.4: Block diagram for PI controller with feedforward component
We show the block diagram for the PI controller with feedforward component that we have applied in Section 4.3. The

figure shows decomposition of the current input u in the feedforward component uff and the feedback component
ufb. The feedback component is obtained by evaluating the error efb = λd − λ, where λd is the desired
absorbance and λ the measured, or realized, absorbance. The feedforward component is obtained by
evaluating λd only.

data points for this function, for each applied input current step. We subsequently
fit a polynomial to these points. The function Φ, given by

Φ(u) = −0.1824u3 + 1.846u2 − 5.752u+ 5.709, (4.4)

is accordingly shown in Fig 4.3. We furthermore approximate its inverse numerically
for the domain of interest A = [0.15, 0.55], where λd ∈ A. We obtain

Φ−1(λ) ≈ 509.3λ5 − 886λ4 + 590.7λ3 − 187λ2 + 30λ+ 1.16. (4.5)

4.3.2 Controller design

We will consider the discrete-time PIFF control law given by

u(k) = Φ−1(λd(k)) +Kpefb(k) + ui(k), (4.6)

ui(k) = ui(k − 1) +Ki

(
efb(k) + efb(k − 1)

2

)
Δtk, (4.7)

with Φ−1 approximated by (4.5), efb(k) = λd(k) − λ(k) the error, λd(k) the desired
absorbance, Kp and Ki the control gains for respectively the proportional and in-
tegral components, ui the integrator feedback input component and Δtk the time
step length from k − 1 to k. We will furthermore consider a composition in uff(k) =

Ψ−1(λd(k)) and ufb(k) = Kpefb(k) + ui(k) so that u(k) = uff(k) + ufb(k) The corre-
sponding control block diagram is shown in Fig. 4.4.
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Figure 4.5: Performance graph of PIFF controller
We show the PIFF controller performance with respect to the supplied reference signal λd, with a leakage hole

diameter of 6mm. The experiment is performed for two different evaporation sources, whose measurements are

denoted as λ1 and λ2. The evaporation sources have run-to-run and time (or evaporation) dependent variations,

which the applied controller, presented in Section 4.3, is able to correct, given the reference signal and the dynamics

induced by the experimental environment presented in Section 4.1. The error signals are shown in the central

part of the graph, where the errors are computed as efb = λd − λ. The inputs associated to the controller
performances are displayed in the lower part of the graph.

4.3.3 Experimental results and discussion

We provide our controller with a sinusoidal reference signal given by

λd(k) = 0.15 sin

(
2πtk
3600

− 900

)
+ 0.35, (4.8)

where tk is a time associated with the discrete-time k. For the initialization, we let our
system slowly rise to the reference point (u, λd) = (3, 0.2), after which we carefully
initialize our control law (4.6) to stabilize on λd = 0.2. We subsequently provide
the reference profile described by (4.8). For this experiment, we use a leakage hole
with a diameter of 6mm. We tune the controller manually, since we do not have
a dynamical model or deterministic input-output relation available. We find that
taking Kp = 30 and Ki = 6 yields satisfactory results for further analysis.

We show the results of the experiment in Fig. 4.5. The controller is able to trace
the reference signal with very small error and therefore suffices for this application.
The differences between the inputs appear to decrease over time, e.g. after more
evaporation has occurred. We present more thorough analysis in Section 4.5.
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4.4 Model-free PI controller

We will use this section to implement a model-free proportional integral (MFPI) con-
troller design. The controller design is an adaptation of the results presented in
(Fliess and Join 2013), which we simplify by considering identification of an input-
output map, instead of a map that relates the input to a (higher order) derivative of
the output.

The proposed simplification accordingly has the advantage that we no longer
need to approximate the derivative of our output signal λ online. The price to pay
is that we require an integral controller term to ensure the convergence of the error,
while results in (Fliess and Join 2013) indicate that a proportional controller can often
suffice otherwise.

4.4.1 Controller design

Let us consider the input-output relation

λ(k) = η(k) + �u(k), (4.9)

with η(k) a component that is identified online and � a constant that relates the order
magnitude of u to the order of magnitude of λ. One realization of (4.9) is considered
to hold temporally for a very short time instant, as the input-output relation is con-
tinuously changing for our system, and spatially for a very small neighbourhood.
Assuming that we can identify such a model, we can consider an input

u(k) =
λd(k)− η(k) +Kpefb(k) + ui(k)

�
, (4.10)

ui(k) = ui(k − 1) +Ki

(
efb(k) + efb(k − 1)

2

)
Δtk, (4.11)

with efb(k) = λd(k) − λ(k) as before. We will furthermore consider a decomposi-
tion of the input for evaluation, where we let umf(k) = λd(k) − η(k) and ufb(k) =

Kpe(k) + ui(k), such that �u = umf + ufb. We implement both a proportional and an
integral component here. The integral component is needed for convergence, which
is directly related to our choice of output in (4.9). The proportional component pro-
vides additional robustness, which we desire due to the spatial and temporal char-
acter of (4.9). Plugging (4.10) in (4.9) yields

λ(k)− λd(k) =
Kp

�
efb(k) +

1

�
ui(k) (4.12)

or, when we loosely consider this formulation in the continuous time,

(1 +
Kp

�
)ėfb(tk) = −Ki

�
efb(tk). (4.13)
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Figure 4.6: Block diagram for model-free PI controller
We show the block diagram for the model-free PI controller that we have applied in Section 4.4. The figure shows

the decomposition of �u in umf and ufb. The feedback control component ufb is obtained by evaluating
the error efb = λd − λ, with λd the desired absorbance and λ the measured, or realized, absorbance.
The model-free control component is obtained by taking the difference between the desired absorbance
λd and η, where the online identified component η is derived as described in (4.14).

The control law (4.10) should accordingly realize an exponential convergence of the
error to 0 for the small region and time where (4.9) holds, and for Kp

	 > −1 and
Ki > 0. Notice that such a result provides no guarantees due to this temporal and
spatial character of (4.9).

Let us now shortly discuss how we obtain η. Our model as in (4.9) makes this
task relatively easy since we can directly update η from the measured absorbances
λ and applied input currents u, without having to estimate a derivative of λ. Let us
accordingly consider η as

η(k + 1) = η(k) + Δ
[
λ(k)− �u(k)− η(k)

]
, (4.14)

with Δ ∈ (0, 1) an update parameter. We show the corresponding control block
diagram for this controller design in Fig. 4.6.

We are left with tuning the various controller components. It is important here
that we ensure that the dynamics of η, as given in (4.14), are relatively slow com-
pared to the system dynamics, specifically in combination with the fast proportional
control dynamics. Failing to do so can otherwise cause η to decrease drastically with
an increasing u, while the system output λ is still slow to respond.

4.4.2 Experimental results and discussion

As before, we provide our controller with the sinusoidal reference given by (4.8). For
the initialization, we again regulate our system out of the deadzone before initializ-
ing our control law. We use a leakage hole diameter of 6mm for this experiment. We
furthermore take � = 0.05, Δ = 0.03, Kp = 1.5 and Ki = 0.75.

We show the results of the experiment in Fig. 4.7. The controller provides a good
performance for such a smooth reference signal. The differences between the evap-



4.5. Controller comparison 73

Figure 4.7: Performance graph of MFPI controller
We show the MFPI controller performance with respect to the supplied reference signal λd, with a leakage hole

diameter of 6mm. The experiment is performed for two different evaporation sources, whose measurements are

denoted as λ1 and λ2. The evaporation sources have run-to-run and time (or evaporation) dependent variations,

which the applied controller, presented in Section 4.4, is able to correct, given the reference signal and for dynamics

induced by the experimental environment presented in Section 4.1. The error signals are shown in the central

part of the graph, where the errors are computed as efb = λd − λ. The inputs associated to the controller
performances are displayed in the lower part of the graph.

orators appear to decrease in time, as we have also seen for the PIFF controller (Fig.
4.5). The differences between the two evaporation sources used for this experiment
are relatively large compared to the differences we have seen for the evaporators
used in the PIFF controller experiment. We present more thorough analysis in the
next section.

4.5 Controller comparison

We will use this section to compare the performances of the controllers presented
in Sections 4.3 & 4.4. We will apply both continuous and discontinuous reference
signals to the controllers for the comparison. It should be noted that both controllers
are tuned heuristically and that their performance is therefore not expected to be
optimal.

4.5.1 Comparison for discontinuous reference signal

For this comparison, we apply two steps in the reference signal for both controllers.
The first step is from λd = 0.2 to λd = 0.3. The second step takes λd back to 0.2. The
results for the MFPI controller from Section 4.4 are shown in Fig. 4.8 and the results
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Figure 4.8: Reference step response for MFPI controller
We show the performance of the MFPI controller for two small steps in the reference signal λd. The controller

achieves a good convergence despite having large overshoot. Much of the overshoot is caused by the updating of η

when dynamics are delayed or in the deadzone region of the considered system. The model-free control component

umf can provide a very good performance in steady state, where the control feedback component ufb

becomes very small. We lastly notice that the controller causes large input fluctuations even though
the reference step and the required change in input are very small. This can mostly be attributed to
the abruptness of the change in reference and to the time delay in the system. Both the controller
components umf and ufb are sensitive to this.

from the PIFF controller from Section 4.3 are shown in Fig. 4.9. We apply the MFPI
with Kp = 1.5, Ki = 0.75, � = 0.05 and Δ = 0.03. We apply the PIFF controller with
Kp = 30 and Ki = 15. We enforce u ∈ (0, 5.5) through saturation for safety reasons.
We use a leakage hole diameter of 8mm for these experiments.

For the MFPI controller performance shown in Fig. 4.8, we have desired stability
properties but a large overshoot. The stability is obtained (but not guaranteed) by
having a small enough Δ, so that η does not get updated too swiftly in the delay time
occurring between the input and the output. It is furthermore important that the
feedback component ufb is sufficiently potent to correct for the model drift that does
occur. Despite this, it is apparent that updating of η during these moments causes
undesired fluctuations of the input. This effect can be reduced by decreasing Δ, but
this does reduce convergence speed and causes the model to adapt to changes in
dynamics more slowly, and system dynamics will therefore move further away from
the area of validity of the model. Such an undesired drift of η furthermore occurs
when the system is in the deadzone, e.g. there is no response from the output when
the input changes. It is apparent that the model-free component umf can perform
very well in the steady state, minimizing the role of the feedback component ufb. We
lastly notice that the controller causes a large fluctuation in input while only a small
change is required. This is caused by sensitivity of both umf and ufb to these abrupt
changes in the reference, combined with the time delay shown by the system.
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Figure 4.9: Reference step response for PIFF controller
We show the performance of the PIFF controller for of two small steps in the reference signal λd. The controller

shows good convergence after the step increase and relatively slow convergence (when compared to the model-free

controller performance) after the step decrease. The overshoot is, on the other hand, relatively small. It is furthermore

apparent that the feedback component ufb causes large changes in the input u, while only a small change is
required. This can, as for the model-free controller, be attributed to the abrupt change in reference and
the time delay of the system.

We can compare the performance of the MFPI controller with that of the PIFF
controller shown in Fig. 4.9. The PIFF controller performs according to expectations
for such a controller applied to a system with a time delay. The overshoot is further-
more relatively small when compared to that of the MFPI controller. Convergence
after the step increase is good and comparable to the MFPI controller, but the con-
vergence after the step decrease is relatively slow. We furthermore observe that, like
the MFPI controller, the PIFF controller reacts quite strongly to abrupt changes in the
reference, combined with a time delay in the system.

4.5.2 Comparison for continuous reference signal

We will consider again the sinusoidal reference signal given by (4.8). The results for
the MFPI controller from Section 4.4 are shown in Fig. 4.10 and the results from the
PIFF controller from Section 4.3 are shown in Fig. 4.11. We lastly show the obtained
errors for both controllers in Fig. 4.12. We apply the MFPI with Kp = 1.5, Ki = 0.75,
� = 0.05 and Δ = 0.03. We apply the PIFF controller with Kp = 30 and Ki = 6.
We again use a leakage hole diameter of 8mm, which can provide some additional
insights on the controller performance with respect to the sinusoidal performance
presented previously.

Both controllers show excellent performance for a continuous, smooth reference
signal as before. The MFPI controller, whose results are shown in Fig 4.10, continu-
ously relies on the feedback component ufb to correct residuals from the model free
component umf. The component η decreases over time to correct for the changes in
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Figure 4.10: Sinusoidal reference response for MFPI controller
We show the performance of our MFPI controller from Section 4.4 for a continuous sinusoidal reference signal. The

MFPI shows excellent performance. It is apparent that the component umf of the input corrects quite strongly for

the changes in the reference. The feedback term ufb is therefore correcting constantly.

Figure 4.11: Sinusoidal reference response for PIFF controller
We show the performance of our PIFF controller for a continuous sinusoidal reference signal. The PIFF shows very

good performance. The feedforward term uff is constant and any drift in the input due to variations is
therefore noticeable in ufb.

the evaporation source. The same correction occurs in the PIFF controller, shown in
Fig. 4.11, through a change of uff. The comparison of the errors, shown in Fig. 4.12,
suggests that the MPFI can realize a better performance than the PIFF for such a con-
tinuous reference signal and under these circumstances. Such results are however
inconclusive, since control gains are not optimized. The error furthermore shows
consistency for the MFPI controller (for both a 6mm leakage hole diameter, shown
in Fig. 4.7 and a 8mm leakage hole diameter, shown in Fig. 4.12). The error of
the PIFF on the other hand is bigger for a 6mm hole diameter (Fig. 4.5) than for a
8mm hole diameter (Fig. 4.12). This suggests that the MFPI is less dependent on pa-
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Figure 4.12: Errors of the MFPI and the PIFF controller for sinusoidal reference
We show a comparison of the errors generated by the MFPI and the PIFF controllers, for a continuous sinusoidal

reference signal. Both errors are very good, but the MFPI outperforms the PIFF significantly by having a maximum

error magnitude that is almost halved with respect to the PIFF. Such errors are however prone to the tuning of the

controllers, which are both not optimized.

rameter tuning than the PIFF controller, which can be beneficial under the observed
variations.

4.6 Concluding remarks

We have implemented two simple controller designs for partial pressure control in
UHVCVD that rely on a minimal degree of modeling. Both of the controllers show
good performance with leakage hole diameter of 6mm and 8mm, for a continuous,
smooth reference signal. Such a performance under change of circumstances is im-
portant, because the presence of other reactants can cause pressure increases or de-
creases from an additional source. This effect is accordingly comparable to a (big)
change in leakage and might occur abruptly. The controllers reactions to abrupt
changes can however cause further fluctuations in the pressure levels and perfor-
mance cannot be guaranteed. Such abrupt changes should therefore be prevented
as much as possible, which can (to an extend) be done through proper control of all
reactants.

It is desirable to develop and implement a controller that can anticipate on abrupt
changes in pressure (or reference). Such a controller would accordingly have to be
model-based as knowledge on the dynamics and future predictions on pressure lev-
els are required. It is to be expected that (a rudimentary form of) such a model can
initially be obtained through a characterization of the temperature measure ς and
the evaporation history measure ρ that we have introduced in Section 4.2. Having
knowledge on ρ and ς can cause Υ to reflect mostly, or even solely, the variations
between dispensers that we observe from run-to-run.
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Let us now shortly provide some considerations on, and a possible realization
of, such a controller design. This will serve to bridge between Part I and Part II
of this thesis. If uncertainties in Υ are almost completely inherited from the run-
to-run variations, then, we can consider these variations to exist in the initial time.
It should accordingly be possible to construct a model to describe the evolution of
λ, based on variations in the initial conditions of the model. Such other states can
then be ρ and ς , but it is at this stage unclear whether such a description suffices.
Suppose now that the collection of states is so that: (i) all variations are expressed
through the initial conditions and (ii) the dynamics of the states can be described
through a deterministic (possibly nonlinear and time varying) function of the states
and the inputs. The states would then yield a deterministic dynamical model with
stochastic initial conditions, for which we can apply the existing controller design
tools for deterministic systems in order to shape the transient of such a system. We
accordingly arrive at Part II of this thesis.
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