
ISS0031 Modeling and Identification
Practical Work #2?: Fractional-order Modeling and Control

These exercises are meant to be completed in the MATLAB environment. A report must
be submitted within 2 weeks from the date the practical work took place. It must contain
the details related to the work and answers to corresponding questions.

You will need FOMCON toolbox for MATLAB. The most recent version can be down-
loaded from GitHub: https://github.com/AlekseiTepljakov/fomcon-matlab. The
installation procedure is detailed in Figures 2 and 3.

Control Problem to be Solved

You are given the task of controlling the output y(t) of a certain system. The following is
known:

• The system has an input control range of u = [−1, 1] and an output range of
y = [0, 2π];

• There may be a deadzone in the control and/or an input-output delay;

• You are given an identification dataset along with corresponding validation data.
The data sets are stored in the file idsets.mat.

Your goal is to identify a model describing this dynamic system and design a fractional-
order controller based on this model. It is then required to evaluate the performance of
the controller with the original system (this will be done in Simulink®). Control system
design specifications include:

• In the time domain: Settling time τs 6 20 s for yr = [0, 1] and overshoot ϑ 6 5%,
error band ye = ±5% of the set point yr;

• In the frequency domain: Gain margin Gm > 15 dB, phase margin ϕ > 60◦ and in
addition, phase response at critical frequency ωc must be as flat as possible to ensure
robustness to gain variations.

Therefore, this practical work has two parts. Score distribution is as follows: Identification
task (1.5p) and control design task (0.5p).

https://github.com/AlekseiTepljakov/fomcon-matlab


Identification by FOTF Models

Your first task is to identify a model of the given process. It is suggested to try multiple
identification approaches. Use the fotfid tool shown in Figure 4 for that purpose.

• To identify an integer-order conventional model, make sure that your initial guess
model in the textboxes has only integer exponents, e.g.

b(s) = 1, a(s) = s+ 1,

unlock both b(s) and a(s) and then choose the “Fix exponents” method from the
drop-down list in the lower left corner of the identification tool.

• In order to identify a fractional-order process model, unlock both b(s) and a(s),
select “Free identification” from the lower left corner drop-down list, and enable the
static gain (K) parameter estimation.

• The suggested identification procedure is as follows: use the set proc_id_v1 for
identification, and proc_id_v2 for validation.

• Can you improve the result of identification by transforming the proc_id_v1 data
set? Having selected it in FIDATA objects list choose “Data→Plot” from the menu
bar. Notice the initial response y(t) during t = [0, 2.5]. Can it be neglected for
the purposes of the identification? Choose “Data→Trim” in the plot window, set
T1 = 2.5 and enter the name proc_id_v1_t for the new data set. Refresh the data
set list, choose the new data set and repeat the identification process. Can you
further reduce the dataset to obtain a linear model? Try a different interval for the
trim operation in the data set plot. Validate the resulting model. Has it improved?

Once you are satisfied with the result of the identification, click on the “Export system”
button in the lower right corner of the identification tool GUI. Name the model Gp.

FOPID Controller Design

Use the fpid_optim tool shown in Figure 5 to complete the assignments below.

• First obtain a controller without regard to the “robustness to gain variations” specifi-
cation. However, make sure that gain and phase margin specifications are enabled
and set properly (Gm > 15 dB, ϕm > 60◦).

• Once a suitable parameter set is found, see the open-loop Bode diagram generated
automatically at the end of optimization (or if you have already closed the report
window check the “Simulate only” checkbox at the bottom right and run Simulation
without optimizing anything). Right-click anywhere in the diagram and choose
“Characteristics→Minimum stability margins”. Click the dot on the phase plot. Take
note of the frequency ωc you find there.

• Now enable the robustness to gain variations specification (“Enable critical frequency
specification”), and uncheck the ωhigh checkbox. Enter the ωc value from the previous
step into the textbox. Proceed with the optimization process.



• If now you get too high an overshoot, remember, that it is possible to control it
using the phase margin ϕm specification.

Once you have obtained a good result, save the corresponding configuration under the
name test_control.mat in your working directory. Now open and run a Simulink model
named lab_object_control.mdl (the contents of the diagram are explained in Figure 1).
Take note of the results, and if they are unsatisfactory, repeat the tuning process.

Figure 1: Simulink model

Compile the Report

1. Include the following items.

(a) The mathematical equation describing the identified FO transfer function;

(b) Model validation results. Is the obtained model accurate?

(c) The mathematical equation describing the designed FOPID controller;

(d) Results of control system simulation. Have all the specifications been fulfilled?
What can you suggest to further improve the performance of the control loop?

2. Draw conclusions based on the results of the work.

3. Compile your individual report and present it no later than November 7, 2018
via electronic submission—as a PDF file—to aleksei.tepljakov@ttu.ee.



Installing FOMCON Toolbox

Figure 2: FOMCON Installation: Set Path

Figure 3: FOMCON Installation: Save path



Identification Tool

Figure 4: User interface of the fotfid tool

FOPID Controller Optimization Tool

Figure 5: User interface of the fpid_optim tool


