
The theory of systems is beautiful, but the
underlying mathematics is rather com-
plicated. As a consequence, modern sys-
tem identification methods are often not

used even if their use is otherwise justified. The
complicated structure of validity conditions and
the many alternatives and possibilities keep many
of us away. Moreover, because the use of advanced
system identification methods often requires a lot of
programming work, the attention can be deflected
from the modeling issues.

The power of computers and of programming lan-
guages has allowed us to develop new solutions for
identification and modeling. We have developed a pro-
gram that effectively uses the following tools:

◗ graphical user interface (GUI)
◗ automatic procedures
◗ data structures.

These tools are simple to use and are added to the Fre-
quency Domain System Identification (FDIdent) toolbox for
MATLAB. FDIdent determines a transfer function model by
measuring input and output data. This can be used for physical
modeling or control.

The FDIdent Toolbox
The noisy nature of measured signals demands appropriate procedures for experi-
ment design, measurement, data preprocessing, modeling, parameter estimation, and model
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validation. Theoretical and
numerical considerations
need to be followed, and
many users find the sum of
these factors prohibitive. It is
beneficial when the computer
can replace some human de-
cisions with a program. In
other words, we need a spe-
cialized program.

MATLAB is a popular program used for scientific calcula-
tions [3]. It has easily accessible and reliable general-purpose
algorithms, especially in linear algebra. Nice features of
MATLAB are interactivity, powerful graphics, and that
toolboxes can be added to the main program. Therefore, we
developed this toolbox for MATLAB to perform system iden-
tification in the frequency domain [1].

In system identification, dynamic system models can be
found that fit well to measured input and output data. During
this procedure, the measured system can be anything from
electrical systems (filters, machines) to mechanical systems
(airplanes, cars, robot arm) and acoustical systems (airplane
cabin, loudspeaker).

The toolbox seeks the transfer function of linear dynamic
systems in the continuous domain (s-domain) in the form
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or for discrete domain (z-domain) in the form
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where nn is the order of the numerator, dn is that of the de-
nominator, Td is the system delay, and fs is the sampling
frequency. The task is to estimate from the measured data
the order of the numerator and denominator polynomi-
als, the numerator and denominator coefficients
b b b a a ann dn0 1 0 1, ,,... , , ,... , , and the delay Td .

The Graphical
User Interface
The demand for easy-to-use
tools was an important factor
in developing a GUI on top of
the existing subroutines. By
seeing a graph and being able
to control the data processing
and modeling steps, the pro-
cess becomes much easier. We

hid the available algorithms from the user, so the user could con-
centrate on the data and the generation of the desired model in-
stead of dealing with technical details.

A usable GUI is primarily practical, rather than theoretical.
It is difficult to know beforehand what actions are “logical” for
somebody. Therefore, we used the “paper prototyping”
method to develop the program [6]. All windows and menus
were prepared on paper, and we performed usability tests
with colleagues. Each person acted as if using a program, and
one of us played the role of the computer and reacted to each
action. We recorded each session on video, analyzed why cer-
tain moves were made, and modified the design accordingly.
The result was quite close to the final tool.

Even in this well-designed, intuitively clear tool, the users
have several decisions to make. Obtaining good models with
as few decisions as possible is best for many users. In the first
design, we made two decisions.

◗ Almost all parameters have default values, set properly
for the given data, which allow the user to accept the
computer-suggested settings and pave the way for auto-
matic runs of the program.

◗ Three different user levels can be chosen: automatic, in-
teractive, and advanced processing. The automatic
mode minimizes the number of questions to the user.
The program decides whatever it can. Those who do not
want to bother with many decisions can automatically
run through the processing steps with default values.
The interactive mode requires basic decisions, whereas
the advanced mode allows the setting of all parameters.

The core of the GUI is a flow chart that allows you to access the
data processing tools (controls) by opening any block, making
the proper selection, and then letting it run. The whole identi-
fication procedure is illustrated in Figure 1.
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Fig. 1. Starting graph of the GUI of the Frequency Domain System
Identification Toolbox (FDIdent).

The power of computers and

of programming languages

has allowed us to develop

new solutions for

identification and modeling.

Fig. 2. The Help menu.



When starting, Help offers assistance. General help is of-
fered under the menu items Getting Started, FDIdent GUI,
and This Window (Figure 2).

Special help is available under Help on Object. When se-
lecting this, the cursor changes to a question mark. When an
object is selected by this mark, a help window opens up with
an explanation of the object.

The Identification Procedure
In the following text, we use the setting Interactive, since we
want to peek at the individual stages.

Let us follow the steps of an identification procedure. First,
open the time-domain data acquisition window (Read
Time-Domain Data). Figure 3 shows the situation after read-
ing in a data object.

The data are periodic, so the Segmentation window offers
segmentation (Figure 4). Segmentation is illustrated in a sepa-
rate window (Figure 5).

After segmentation, the data are converted to the fre-
quency domain, and then a selection of the frequency lines is
offered. These are not illustrated here.

Now the Variance Analysis block can be opened. Figure 6
illustrates the situation after variance analysis.

When data preprocessing is finished, parameter estimation
follows. The straightforward step is to open the Estimate
Plant Model block. However, when experimentation with dif-

ferent model orders is desirable, Computer Aided Model
Scan is the correct tool (Figure 7). In this block, we can select
the desired combinations of the numerator/denominator or-
ders and run the estimation subroutine for each of them.

Here, we would like to point out two modifier checkboxes.
◗ The transfer function is often badly conditioned from es-

timation and from evaluation points of view, especially
when the numerator/denominator orders of the system
transfer function are above 30-40. In such cases,
round-off errors may deteriorate the results. A remedy is
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Fig. 4. The Segmentation window.

Fig. 5. Illustration of segmentation.

Fig. 3. The Read/Measure Time Domain Data window. Fig. 6. Variance Analysis window.

Fig. 7. Computer Aided Model Selection window.



the use of orthogonal
(Forsythe) polynomials
[7]. This is switched on by
selecting Improved nu-
merical stability. The user
does not notice any differ-
ence in the interface (ex-
cept slower processing
speed), but a more involved code runs inside the pro-
gram. This is typical for the GUI; a modification, which
seems to be simple for the user, may significantly change
the execution of the program.

◗ The situation is similar for the checkbox Transient elimi-
nation. This makes the identification algorithm deal
with a transient component beside the periodic one, or to
handle arbitrary excitation signals, whereas the user
does not notice much difference in the interface [4].

During the run of the iterative minimization, ELiS Run Info,
information about the run is shown (Figure 8).

When every desired identification result is at hand, the
Evaluate and Compare Plant Models block can be opened. In
Figure 9, the different properties of the identified models can
be examined and compared.

If we are interested in de-
tails of the selected plot, we
can zoom into it by dou-
ble-clicking. Further steps of
model validation will not be
illustrated here. Rather, we go
back to the first block we
skipped at the beginning, the

Excitation Signal Design block (Figure 10).
Here we may observe another help, present in all win-

dows: when the cursor is moved above a control object, after a
short time, a one-line, balloon help pops up in a small frame.
This gives the quickest information about graphics objects.

The Excitation Signal Design block assists in designing
the desired input signals. As several parameters are interre-
lated, there are two appropriate “Adjust” buttons to assure
consistency of all parameters. If a multisine is designed with
the settings from Figure 9, the corresponding window is given
in Figure 11.

Coming back now to the basic chart (Figure 12), every active
element can be selected, and this starts the corresponding ac-
tions. Blocks open up to windows, and at the selection arrows,
an action selection window appears (Figure 13). Thus, it is easy
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Fig. 8. Information window of EliS.

Fig. 9. Compare and Evaluate Models window.

Fig. 10. Excitation Signal Design, with balloon help under the radio button
“Linear.”

People prefer automatic tools.

Push a button, and get

the result.

Fig. 11. Information window of crest factor minimization.



to export/import data, perform
graphical inspection, or display
information about them.

In a good GUI, all actions
are logical and consistent with
each other. This was our goal
with the above GUI. According
to our experience, someone
who has practice in identifica-
tion can get along with support
of the help; and after becoming
familiar with the toolbox, iden-
tification can be made even
without the helps.

Automatic
Processing
People prefer automatic tools.
Push a button, and get the re-
sult. Therefore, automatic pro-
cessing steps have been added
to the GUI. We localized the

places for user decisions and made the whole process as au-
tomatic as possible. It is more important to design algorithms
that minimize user interactions and are robust against mis-
use than to minimize the complexity of the algorithms be-
cause the computing power is increasing exponentially
while the user capabilities do not change much. The ultimate
goal was to have a tool that absorbs the data and returns veri-
fied results. In the automatic mode, identification can be ac-
complished with a minimum of user interactions in the
graphics windows. A reasonable model is returned, ready for
control or physical analysis.

In the interactive mode, selected steps of automatic pro-
cessing can be executed. The points that we automated, and
take over the task of decisions from the user, are the following:

◗ Reliable Preprocessing of Periodic Data: When measuring
and processing periodic signals, there are two “catches.”
One is that it can often happen that the sampling fre-
quency and the signal frequencies are not coherent, de-
spite the efforts of the user; second, it is often

cumbersome to extract the set of frequencies of the sig-
nal components. We have developed an automatic tool
that determines the period length, major components,
and variance of the measurement noise [8]. This allows
the user to simply plug the measured signals into the
GUI and watch how the estimated Fourier coefficients
and variances come out.

◗ Automatic Model Order Selection: Determining the proper
model order is a very difficult task. Different criteria ex-
ist (Akaike, Rissanen). These are implemented in the in-
terface. Still, the most popular solution is to scan the
reasonable numerator/denominator order combina-
tions and select on the basis of some user-defined crite-
ria. This is also realized in the Computer Aided Model
Scan window.
Analysis of the system equations in the proper mathe-
matical basis allows use of a systematic approach:
small singular values in the singular value decomposi-
tion tell how much the system is over modeled, and
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Fig. 13. Arrow actions window. Fig. 14. Composition of time domain data: the names of the necessary fields
are shown in red.

Fig. 15. Composition of frequency domain data: the names of the necessary
fields are shown in red.

Fig. 12. The main window after identification. Colors denote the status of
the corresponding objects: green boxes are finished ones with results, blue
boxes are selectable but not yet executed, green arrows contain data, gray
arrows contain no data.



careful “peeling” of the models reaches the proper mini-
mum order model [9]. This provides a useful new tool in
the toolbox.

Questions to Be Asked
The dream of a user is an intelligent machine that takes the data
and returns good results while the user drinks coffee. This
sounds good and can almost be achieved. In a typical automatic
session, the user needs to give only the following answers:

◗ Bring the data into MATLAB, and tell the GUI import
window where the data are. There are two possibilities:
time-domain measurements and frequency response
function measurements (Figure 14). (Providing consis-
tent and properly described data to an algorithm is diffi-
cult. Despite different helps and descriptions, creation of
a proper full object was not easy for someone who
wanted to focus on identification rather than on the tech-
nical details of data import. We created a set of data im-
port windows that made it possible to consistently
generate data objects from the descriptors of the data
and of the experiment (Figures 14 and 15).)

◗ Choose between s- and z-domain (continuous-time or
discrete-time models). The domain could also be fixed
beforehand, but in many cases its choice is required,
and this is not a complicated question to answer (Fig-
ure 16).

Replaying Actions: The Action Recorder

Each programming job or program requires the ability to re-
cord and replay actions; the purpose can be to restore certain
situations, reproduce errors, make demonstrations, generate
and replay test sequences, or to automatically reprocess new
data. The Action Recorder meets these requirements; details
are given in [10].

Data Structures

One difficulty in the use of general-purpose programs is the
handling of several interdependent aspects of the data. A
measurement not only consists of the measured samples but
also of the sampling frequency, circumstances like periodic
or random excitation, frequency contents, amplitude units,
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Fig. 16. In Automatic mode, almost all controls are inactive in the “Estimate
Plant Model” window: the user needs only to select the domain and press
“Start.” The “auto” strings in the order windows mean that the best orders will
be determined automatically.

Data Objects Examples

Here are a few examples based on the present
implementation.
>>tdat = tiddata(randn(5,1),2*randn(5,1),100);
>> tdat.periodlength=500;
>>get(tdat)

Version = 1.3
Date = '13-Jun-2003 09:14:37'
Input = [5x1 double]
u = 'same as Input'
Output = [5x1 double]
y = 'same as Output'
InputCharacter = 'BL'
OutputCharacter = 'BL'
PeriodLength = 500
Ts = 100
SampleNumber = 5
Information = [4x34 char]
OutputChNumber = 1
InputChNumber = 1
ChNumber = 2
ExpNumber = 1

>>
>> fdat = fiddata(ones(5,1),1./(1+j*2*pi*

[1:5]'),[1:5']);
>> get(fdat)

Version = 1.3
Date = '13-Jun-2003 09:18:21'
Input = [5x1 double]
u = 'same as Input'
Output = [5x1 double]
y = 'same as Output'
InputCharacter = 'BL'
OutputCharacter = 'BL'
InputFreqPoints = [5x1 double]
OutputFreqPoints = [5x1 double]
FreqPoints = [5x1 double]
AllFreqPoints = [5x1 double]
FreqIndices = [5x1 double]
FreqNumber = 5
Information = [4x40 char]
OutputChNumber = 1
InputChNumber = 1
ChNumber = 2
ExpNumber = 1

>>



names of measurement chan-
nels, date, and so on. If these are
all to be given, function calls will
usually become disorganized,
difficult to check and debug,
and frighten the user. The solu-
tion for this problem was the use
of complex data types: cells,
structures, and objects.

Objects improve the toolbox in two ways. First, all prop-
erties directly related to a given set of data or to a given
model (model set) can be stored in a single entity. This entity
has a built-in consistency check. It ensures that there is no
contradiction within the object. Second, the toolbox func-
tions can have a much simpler command-line form than be-
fore because fewer input/output arguments are necessary
for their run.

Data Objects

Objects tiddata and fiddata implement the storage of mea-
sured or preprocessed data. They are the children of the ge-
neric object iddat, because many of the properties are
common to them.

These two objects allow us to treat all information related
to certain data as one single “variable” and set the properties
in a simple way. A good example is the command plot(obj),
which plots the contents of any object in a reasonable form
(Figure 17).

fiddata(frdobj) converts a Frequency Response Data ob-
ject of the Control System Toolbox to a fiddata object, and
frd(fobj) does the conversion in the other direction.

Model Objects

The object of identified models is fidmodel, which allows the
straightforward handling of all properties and also offers
much more. Direct transfer is possible to the Control System
Toolbox model objects; moreover, certain functions of the
Control System Toolbox can be called directly. For example, if
the name of the model object is “mod,” the commands
nyquist(mod) or bode(mod) use the corresponding functions
of the Control System Toolbox.

The implementation even defines simple arithmetic, so

the commands 1/mod (inverse of the model), isstable(mod)

(is the model stable?), stable(mod) (stabilized model, by re-

flection of the unstable poles), and mod1==mod2 (are the

two models identical?) work just as expected. For compari-

son, models of the Control System Toolbox can be converted

to a fidmodel object. Finally, this object is also prepared to ac-

commodate models from the System Identification Tool-

box, and smooth conversions between the two main model

object types are also implemented.

Summary

There are several steps that can

be made by programmers to fa-

cilitate the work of users. Com-

puters can be brought closer to

their original purpose: taking on

difficult and repetitive tasks

from us and, instead of dominat-

ing our work, facilitate it for us. The above examples point

in this direction.
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Example of a Model Object

The model object can even store the data used
for identification in the property data.

Therefore, plot(fidmodelobj) can plot not only the
transfer function but also the measured data and
the error of the identification.

>>load bandpmod,
>>get(bkfit)

Version = 2.2
Date = '22-Oct-1998 09:09:26'
History = {[1x48 char]}
Data = [2x1x16 fiddata]
Algorithm = [1x1 struct]
Variable = 's'
Representation = 'polynomial'
num = [-4.0066e-018 -5.1034e-013

-9.2494e-011...2.7921e-009
1.5859e-005]

denom = [-9.4278e-023 -2.3515e-019
-3.3573e-015...-5.1609e-012
-3.3479e-008 -2.3288e-005 -0.093552]

FreqVect = [16x1 double]
Fscale = 3835
Delay = 0
Covariance = [13x13 double]
FitInfo = [1x1 struct]

>>

Objects allow consistent

handling of related data and

implementation of complex

data-dependent procedures.

Fig. 17. Typical plot of a frequency domain data object.
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