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In this paper design of robust control for thermo-optical plant uDAQ28/LT
is  presented.  SISO  controllers  for  temperature  and  light  intensity  control  were
designed. For modeling real and complex perturbation input multiplicative uncertainty
was  applied  and  robust  stability  condition  was  derived  in  terms  of  the  M-delta
structure.

INTRODUCTION

A control system is robust if it is insensitive to differences between the actual system
and the system model used to design the controller. These differences are referred to
as model/plant  mismatch or  simply  model  uncertainty.  Uncertainty  in  the system
model may have several sources: imperfect measuring devices, variations of the linear
model parameters due to nonlinearities or changes in the operating conditions, only
approximate knowledge of some parameters etc. To deal with it the uncertainty model
is used [1, 3]; then, instead of examining a single plant model, the behavior of a class
of models is considered. Let  be any member of a set of possible plants  and

 be the nominal model of the plant. A simple uncertainty model is obtained
using unstructured uncertainty, i.e. a perturbation  satisfying .

This  paper  deals  with  modeling  of  uncertain  plants  in  frequency  domain.  Input
multiplicative uncertainty is applied to allow robust stability analysis and conditions
guaranteeing stability of the uncertain plant for all perturbations in the uncertainty
set  are  derived  using  the  Generalized  Nyquist  stability  theorem and the  
structure stability conditions.

PRELIMINARIES AND PROBLEM FORMULATION

Thermo-optical  plant  uDAQ28/LT  (Fig.  1)  is  multivariable  system  with  three
manipulated  inputs  and  seven  measurable  outputs  (Fig.  2).
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Fig. 1 Thermal plantuDAQ28/LT

Fig.2 Basic electric diagram of thermo-optical plant uDAQ28/LT

System has three manipulated inputs: bulb voltage (0-5V) which represents heater and
light source, fan voltage (0-5V) which can be used for temperature decreasing and
voltage of led diode (0-5V) which represents another source of light.

On the output is possible to measure seven variables: temperature insight the system
(direct  or  filtrated),  outsight  temperature,  light  intensity  (direct  or  filtrated),  fan
velocity and fan current.

Problem formulation:

Design two PID controllers which will guarantee closed-loop robust stability within the
uncertainty range specified by the given working points. One for light intensity and
one for temperature control.

THEORETICAL RESULTS

Consider  the  uncertain  plant  modeled  using  the  input  multiplicative  form  of
uncertainty (Fig. 5)

Fig. 3 Input multiplicative uncertainty
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According to Fig. 3, the uncertain plant is described as follows:

 with (1)

Rule for computing the corresponding weighting function as follows:

(2)

The set of perturbed plants is given as a set of transfer functions 
identified in N different working points. In such case (4) modifies to

(3)

To derive the related robust stability condition, the feedback system with the input
multiplicative uncertainty in Fig. 4 is to be transformed into the  structure (Fig.
5) and the robust stability theorem [1] is to be applied.

Fig. 4 Feedback system with the input multiplicative uncertainty

Fig. 5  structure

Theorem 1 (Robust stability for unstructured perturbations)

Assume that the nominal system M(s) is stable and the perturbation  is stable.
Then the  system in Fig. 5 is stable for all perturbations satisfying 
if and only if  .

For the input multiplicative uncertainty case M is computed as follows:

(4)

and

POSTERUS.sk - 3 / 8 -

http://www.posterus.sk/wp-content/uploads/p41_04_fig4.png
http://www.posterus.sk/wp-content/uploads/p41_05_fig5.png


4

(5)

According to the Theorem 1 the robust stability condition  modifies to

(7)

2nd working point:

(8)

3rd working point:

(9)

and similar system for light intensity control will be identified in three working points
too. WP1 (16), WP2 (5.5) and WP3 (10)

1st working point:

(10)

2nd working point:

(11)

3rd working point:

(12)

For these three working points the mean value parameter nominal model will  be
calculated.

Nominal model for temperature control

(13)

and for light intensity control.

(14)
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The  uncertainty  weight  functions  for  temperature  and  light  intensity  computed
according to (3) are plotted in Fig. 7.

Fig. 7 weighting functions for the input multiplicative uncertainty:  plot

For  the  nominal  model  controllers   will  be  designed  using
parameterization method [2].

(15)

(16)

Nominal closed-loop stability has been verified by calculating roots of the closed-loop
characteristic polynomial ; the resulting set  of closed-loop roots
proves the nominal stability.

(17)

(18)

Robust stability condition (6) is verified in Fig. 8. Indeed, the blue line corresponding
to  lies below the red line corresponding to  over the whole frequency
range considered. Robust stability has been verified also by simulations (Fig. 14-18).

Fig. 8 Verification of the robust stability conditions 
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Fig.9 Step response for temperature in WP1

Fig.10 Step response for temperature in WP2

Fig.11 Step response for temperature in WP3
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Fig.12 Step response for light intensity in WP1

Fig.13 Step response for light intensity in WP2

Fig.14 Step response for light intensity in WP3

Simulations proved that system is stable in all working points. Step responses for both
outputs (light intensity and temperature) are practically without any overshot.

5 CONCLUSIONS

In  this  paper  design  of  robust  control  for  thermo-optical  plant  uDAQ28/LT  was
presented.  For  modeling  real  and  complex  perturbation  input  multiplicative
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uncertainty  was  applied.  Robust  stability  conditions  guaranteeing  stability  of  the
whole set of uncertain plants were derived. Theoretical results have been verified by
simulations directly on thermo-optical plant uDAQ28/LT.
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