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Abstract
The problem of designing conventional controllers is a major concern in both academia and
industry. The paper presents the implementation of a Matlab interface that facilitates the
students' understanding of the closed-loop control systems operation. There are four
operating scenarios: with controllers for which the parameters are known; with controllers
for which parameters are determined experimentally; with proportional controllers and
additional poles/zeros introduction; with proportional controllers and serial compensator.
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1. Introduction
For a system specified by the transfer function of
the process (including the transducer and the actuator),
H P (s ) , the design problem refers to the determination
of a controller, H R (s ) , with which the closed-loop
diagram (Fig. 1) satisfies the required performances:

•

t c ≤ t c imp ,

(3)

steady state error condition:
.
ε ≤ ε imp

(4)

In order to fulfill these conditions, the dominant
poles, dependent on the natural frequency, ωn and on
the damping, ξ :

s1, 2 = −ξωn ± jωn 1 − ξ 2
(5)
must be appropriately located in the left side of the
complex plane {Re s < 0} (Fig. 2).
Fig. 1: General diagram of the closed-loop system
•

overshoot condition:
σ ≤ σ imp ,

(1)

•

settling time condition:
tt ≤ tt imp ,

(2)

•

rise time condition:
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Fig. 2: Possible positions of the poles in complex plane

The major difficulty in the design procedure comes
from the fact that the performance indicators are
specified in the time domain (t), with the design taking
place in the complex plane (s), based on the transfer
functions.
The procedure can be simplified and applied to a
certain class of transfer functions by translating the
time domain specifications into the complex domain.
From this translation it results that the dominant
poles (5) must be located in the left side of the complex
plane, in the admissible domain Dadm defined by the
inequalities (1), (2), (3), as close as possible to the
border Dadm _ border (Fig. 3).

Fig. 3: Position of the Dadm domain in complex plane

Therefore, the problem of designing conventional
controllers:
- is taught to all students in automation study
programs;
- is the subject of research studies in the field, in
collaboration with industry experts.

Thus, in [1] are developed: linear time invariant
systems, quantitative and qualitative aspects of
automated systems, design methods in the continuous
and discrete field, including the roots locus method.
In [2] there are presented the fundamentals of PID
controllers, as well as the tuning based on the
analytical (Kessler) and experimental (ZieglerNichols, Kapelovici etc.) criteria. The controllers for
complex structures (e.g. multivariable, cascade,
feedforward etc.), including those based on integral
criteria are developed for students’ use in [3].
A series of simple and advanced techniques
(analytical and experimental), used for choosing and
tuning PID controllers are well detailed in [4].
In [5] there are presented the mathematical tools for
the automated systems analysis, the design principles
for single-loop control systems and for cascade and
multivariable systems, as well as the techniques for
frequency analysis.
Aspects related to process dynamics, advantages of
feedback, design techniques for PID controllers and
advanced control systems are the topics in [6].
The compensation methods for the linear systems,
focused on the roots locus and on the position of poles
and zeros in the complex plane (s), are identified in [7]
and use the facilities offered by the Matlab software.
The utility of a PI-lead compensator in roots locus
design is developed in [8], for a double integrator and
a second-order system.
Paper [9] proposes an extended roots locus method
for a two parameters controller, which can be extended
to designing multi-parameter controllers.
According to the research [10], using a
combination between the poles placement and the
symmetrical optimum criterion, the values of the
tuning parameters depend on the process / plant and
the model of the second order system, considered as a
reference.
Nowadays, the universities are directly affected by
the COVID-19 pandemic, the educational activity
being moved to the online environment. Thus, the
teaching activities and the relationships with students
need to be adapted to the new context.
A study related to continuous improvement of the
student relationship management by active usage of
ICT solutions in the epidemiological context (COVI19), is developed in [11].
Matlab/Simulink software offers tools for finding
the best PID controllers in a closed-loop control
system [12]. Other tools contain procedures for PID
tuning and design, such as: process identification,
controller tuning based on specifications (gain and
phase margin, disturbance rejection etc.) [13].
However, the designing of the controllers becomes
a difficult task, especially in online educational
activities.
The paper offers a possible solution for teaching
and understanding the designing of the controllers
based on roots locus (a method considered more
complex than others) in the context of the online
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activities.
The simulation of the open-loop and closed-loop
systems behavior is facilitated by the Matlab software.
After presenting the problem of designing
controllers and the significant references in the field
(Section1), Section 2 of the paper specifies the
necessary steps used to design the controller based on
roots locus (a method considered more complex than
others).
In Section 3, the flow chart and the Matlab
interface are explained.
The conclusions are provided in the final section.
2. Designing the controllers based on roots
locus method
The design procedure, applicable to the general
diagram of the closed-loop control system (Fig. 1)
involves the following steps:
1. a control configuration with a single parameter is
chosen: H R (s ) = k r (a proportional controller on
forward path);
2. the closed-loop transfer function and the range of
variation for the parameter kr are determined, so
that the system is stable and satisfies the condition
imposed for the steady state error; if there are no
such values, the design from step 1 is reconsidered
with a different controller configuration;
3. the roots locus of the closed-loop system is plotted,
depending on the parameter kr;
4. the range of values for kr is found, based on which
the roots locus is situated within the admissible
domain in the left side of the complex plane; if
there are no such values, the design from step 1 is
reconsidered with a different controller
configuration;
5. the range of values for kr is determined, which
ensures that the conditions in step 2 and step 4 are
met simultaneously; if there are no such values, the
design from step 1 is reconsidered with a different

controller configuration.
Alternatives to the proportional controller refer to
the use of a PI, PD, PID controller or to the
introduction of a compensator, H C (s ) , connected in
series with the proportional controller, H R (s ) = k0
(Fig. 4).

Fig. 4: Closed-loop system with compensator

The transfer function of the compensator is:
s+g
(6)
H C (s ) =
s +b⋅ g
where: if b > 1 , the network is a lead one and if b < 1 ,
the network is a lag one.
3. Matlab software application
The flow chart of the application highlights four
scenarios (Fig. 5):
1. the analysis of the system’s behaviour with a
known conventional controller (e.g. a PID
controller, tuned by experimental or analytical
criteria);
2. the specification of the imposed performances
in stationary and transient regime, the
determination of the tuning parameters of the
controller, followed by the performance
analysis;
3. the introduction of an additional pole / zero and
the performance analysis;
4. the determination of a compensator having a
lead / lag type and the performance analysis.
The Matlab interfaces, corresponding to the 3rd and
4th scenarios are presented in Fig. 6 and 7.
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Fig. 5: Flow chart

Fig. 6: Matlab interface for the 3rd scenario
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Fig. 7: Matlab interface for the 4th scenario

The Matlab interface allows an easy interaction
with the student and requires specifying the transfer
function of the process (max. 2nd ord. in this
implementation stage), then choosing one of the
mentioned scenarios.
The operations are suggested by the sequence of
windows and buttons on the graphical interface.
Initially, it is possible to represent the step response
of the process (without the controller), the roots locus
and the performances.
According to the 3rd scenario:
- the user specifies the transfer function of the
process, Hp(s);
- the step response (blue line) and the roots locus
are plotted;
- an additional zero is introduced (in example:
z = −10 );
- the step response (red line), the roots locus and
the obtained performances are analyzed.
According to the 4th scenario:
- the user specifies the transfer function of the
process, Hp(s);
- the step response and the roots locus are
plotted;
- the imposed performances are specified (in
example: σ ≤ 5%; tt ≤ 2 sec .; est ≤ 5% );
- the values for k0 and g are chosen (in example:
k0 = 10; g = 2 );
- the type and the transfer function of the
compensator are determined (in example:
b = 1,31 ; lead network);
- the step response, the roots locus and the
obtained performances are analyzed.
4. Conclusions
The Matlab interface is implemented in order to
facilitate the determination of conventional PID
controllers for processes described by transfer
functions of maximum 2nd order, without the need of

writing Matlab code.
From the online teaching/learning point of view,
each student has access to the Matlab software and
interface and can test it for any of the four scenarios.
Also, using an educational platform (e.g.
Blackboard, Teams, Zoom, Classroom etc.), students
can share the screen and discuss the performed
operations with the teacher, in order to understand the
mechanisms behind the four scenarios.
A successful use of the Matlab interface requires
the existence of basic knowledge regarding:
- the transfer function algebra;
- the effect of feedback in a control diagram;
- the methods for choosing and tuning the PID
controllers;
- the effect of the tuning parameters (kp, Ti, Td) on
the control performances;
- the significance of the roots locus in the
complex plane;
- the lead/lag compensator.
A future version of the interface aims to:
- extend the controller’s design to processes
with a transfer function higher than the 2nd
order;
- analyze the stability according to Nyquist and
Bode characteristics;
- design the numerical controllers with options
for choosing the method type (e.g. from
continuous PID, based on imposed number of
sampling time etc.).
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