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Abstract: This paper describes the simple Internet tool for fractional order pole models -
the Java applet free accessible on www.PIDlab.com. The applet implements procedures
described in the authors' previous works, where the value set approach to fractional order
pole systems was presented for the case, when following characteristic numbers of the
process were obtained: a) one sample of the process frequency response, b) first three
moments of the process impulse response. Using the applet, we can easily compute value
sets and find the upper hard bound of the value sets for the case, when one/two frequency
response samples and first three moments of the impulse response are known
simultaneously. Then we can determine processes on the value set boundary which will be
further important for robust controller design.
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1 I ntroduction

It is well known from the classical control theory [1] that process controllers can be
designed on the base of a few points of the process frequency response or on the base of
some rectangle pulse response. In this direction, the limit method is the popular Ziegler-
Nichols method which uses only one so called ultimate point or two humbers obtained from
step response. However, these traditional methods are neither systematic nor guarantee
fulfillment of design specifications for an exactly given class of process transfer functions.
It was shown in previous works [5-6], that after adding the key a priori information about
the process transfer function to experimental data one obtains closed areas — value sets - in
the frequency domain representing generalized points of process frequency response for



each frequency. Using these value sets, one can further design the robust controller
guaranteeing fulfillment of some design specifications (e.g. gain and phase margins) for all
processes satisfying a priori restriction. In accordance with the mgjority of works in the
process control field, it was assumed that the real process can be described by a multiple
fractional order pole model in the form

F(S)=%, t,>0,i=1K,p-1 )
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where K >0, p is an arbitrary integer and n 3 0, i=12K, pare rea numbers. It is
believed, that the class of transfer functions (1) is sufficiently rich at least for control
purposes because it includes al integer order lag/dead time processes of arbitrary order.
The main result of previous works was the explicit parameterization of the value set
boundary for the model family consistent with the a priori information (1) and a) one
experimentally obtained point of frequency response b) first three moments of the process
impulse response. The presented results have important applications in design of robust
controllers and automatic tuning procedures [2]. Therefore, we decided to create a Java
applet accessible on Internet, which allows computing corresponding value sets for
experimental dataa) and b) for arbitrary frequency.

The paper is organized as follows. In Section 2, the previous results are remembered.
Section 3 gives a brief user description of the Java applet. Practical example is shown in
Section 4. Section 5 contains some concluding remarks and ideas for further work.

2 Previousresults

The previous works deal with two specia cases of the general frequency response
interpolation problem, where the interpolation conditions IT on the transfer function F(s) are
inthe form

P={F"9)|.,=P, i=0LK,k, 1=01K,m-13, %)

S= jw;
where k and m are given integersand P, T C.

In other words, the frequency samples at frequencies w; ... wy are given and also some
derivatives of the frequency response at these points can be known.

Definition 1 (Process Model Set). The transfer function F(s) isadmissible, if following
conditions are satisfied

(i) Transfer function F(s) isintheform(1), n 3 m,i =12, K, p, é ’ n £n,wherenis

ji=1 1
the total order of the process and mis the minimum order of each pole
(i) Transfer function F(s) satisfies interpolation conditions (2)

The set of all admissible systems will be called process model set and denoted by S)™ (P )

Definition 2 (Value set). The set Vp”’”‘(w):{F(jw):F(s)T S"(P)} inthe complex plane will
be called the value set of the model set S"(P) at frequency «>O0.



1.1 First three moments of theimpulseresponse

In [5], the interpolation condition is the point at frequency o = 0 and first three derivatives
at this frequency. As it was shown, these three numbers can be substituted by first three
moments of the impul se response

m ::‘jih(t)dt, =012, A3)

which can be also equivalently substituted by another three numbers «, p, o defined as
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The band of all admissible transfer functions frequency responses and value sets for some
frequencies are shown if Fig. 1a).
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Fig. 1. Examples of the value sets for specia types of interpolating conditions

1.2 One sample of the process frequency response

In [6], it is assumed, that one sample of the process frequency response was obtained and
no derivatives of the frequency response at this point are known. The example of value sets
for some frequenciesis shown in Fig. 1b.

3 Java applet ,, Fractional PID laboratory”

The applet imports the basic axes functionality from the “PID Controller Designer” and is
divided into four basic windows.

PC — Process and controller parameters (upper left corner). In the “Model set” tab, the
user can set the measured characteristic numbers of the process in the form of the numbers
(4) or in the form or frequency response sample (amplitude, phase, frequency). The order



restriction n, m can be changed in the first panel. After choosing the type of the process
(fractional and/or integer order), the value sets for frequencies defined in the text field will
be painted immediately in the FD window. If any characteristic number or order restriction
is changed, the value sets for all frequencies are recomputed and repainted. If one clicks on
any value set, the process generating the corresponding value set point is added into the
process list in the “Process’ tab and can be further used for robust controller design. The
process title, color and visibility can be edited in the “Process’ tab and processes can be
deleted there.

FD — Frequency domain (lower left corner). In this window, the value sets and the process
frequency responses are painted. The frequency response sample amplitude and phase can
be changed easily by the sample cross mouse dragging.

RR — Robustness regions (upper right corner).

LP — L oop performance (lower right corner).

The last two windows are useful for robust fractional PID controller [3,4] design. Thistopic
is omitted because of the restricted range of this paper.
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Fig. 2. General view of the Java applet




In “Process’ tab, the extremal processes (Modelset | process | controller |

Important for controller desi gn, can be title | Transfer function F(s) [ s | cot [ Act |
obtained by “Vertex processes button”. 1 etremal TR ME1 w
In processlist, it can be checked, that the |, oy o 12 b1 .IZ
extremal processes are created by one 2 o

fractional order pole and fractional order 3 etremal| T ME1 .'Z

integrator (Fig. 3.b).
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4 Practical example

Consider, that the following characteristic numbers were obtained in the identification
experiment

{(k =1, m=1 s?=06}; {p=183% " w=3 4)

Using the applet, the upper hard bound of the value set boundary can be found as an
intersection of two value sets (Fig. 3a). It can be seen, that combining several experimental
dataleads to the significant model set reduction in the frequency domain



5 Conclusions

The main aim of this paper is to present the simple internet tool — Java applet free
accessible on www.PIDlab.com — for fractional order pole models. The applet implements
the methods presented in previous works, where it was assumed, that characteristic
numbers of the process are known in the form of one sample of process frequency response
of first three moments of the impulse response. The characteristic numbers are combined
with a priori information about the transfer function (fractional-order pole model
with/without restriction on the total model order and the minimum pole order). Then the
value sets can be painted in frequency domain for each frequency. These characteristic
numbers can be easily obtained on the real process, therefore we believe, that the applet can
be useful for industrial practitioners. It is also shown, that combining one/two samples of
frequency response together with moment experimental data leads to the significant
reduction of the model uncertainty. However, then only hard bounds of the value set
boundary can be computed as an intersection of corresponding value sets. We hope that in
the future the fractional PID controller design will be completed by adding time simulations
to the applet.

Thi§ work was particularly supported by MSMT CR — project no. MSM 235200004 and
GACR — project no. 102/02/0425.
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