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Abstract. The research work highlights the application of python to practically
study some basic concepts of control system engineering. The presented chapter
consists of basic operations needed to perform in control system designing in
python using libraries like Matplotlib, NumPy etc. Here the work presents com-
putation and calculation of poles and zeros, Nyquist plot, bode plot, sinusoidal
response, impulse response, step response on the given transfer function. And it
is identified that the python code is very small and output time is very less as
compared to MATLAB.
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1 Introduction

Due to the technological advancements in the twentieth century, there is a need to
fill up the gap between theory and the real world in the future engineering education
system in colleges. Control system engineering is an important and specialized course for
students of electronics, electrical and mechanical engineering in colleges. In this chapter,
authors has introduced python programming in learning and understanding the basic &
tedious concepts of control system engineering. With the help of python programming
the practical problems of the control system can easily be solved in a few steps.

This chapter is structured as follows: In Sect. 2 a brief description of python and
its libraries has been discussed. In Sect. 3 basics of first order control system 4 we will
discuss how to use python programming in understanding and solving the problems of
control system engineering & do some analysis of control system engineering. In Sect. 5,
a conclusion is drawn on the basis of above analysis and study.

2 Python

Python [1] is a general purpose, dynamic, versatile and powerful programming lan-
guage. It has high-level data structures and have a simple approach to object-oriented
programming. Python is known for its simplicity, as it has very simple syntax and can
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work on any platform like windows, Mac , linux, raspberry pi etc. Python’s prototyping
is very quick as it runs on an interpreter system. The biggest strength of python is its
vast/rich collection of open source libraries which is used in scientific computing, image
processing, GUI applications, web frameworks. etc. [1] In this paper the latest version
of python i.e python 3 is used along with jupyter notebook.

In the study of control systems using python, three libraries or packages are used
namely NumPy, matplotlib [2] & control system package. NumPy stands for numerical
python. Python numpy package contains n-dimensional array object & it is core library
for scientific computing. Numpy array is in the form of rows & columns . Mathemati-
cal & logical operations can be performed using numpy. Generation of random numbers
and linear algebra operations can also be performed using numpy. The combination of
NumPy with SciPy (Scientific python) & matplotlib library is widely used as an alterna-
tive to MATLAB. NumPy can be installed by typing “pip install numpy” in command
prompt and can be import by typing-Import numpy as np [2].

Matplotlib is a graphic plotting library used in python programming language. Sim-
ple & complex plots can be designed using matplotlib package with few commands. It
is a multiplatform data visualization tool built on numpy & scipy packages. Matplotlib
can be installed by typing “pip install matplotlib” in command prompt and can be import
by typing-Import matplotlib.pyplot as plt. [3].

The python control system library performs operations for design and analysis of
feedback control systems. Using python control system library, both time and frequency
response analysis can easily be performed which includes frequency plots & analysis of
linear time invariant systems. The python control system package can easily be installed
by typing “!pip install -U Control” and can be import by using- Import control as co [4].

In this paper, Jupyter notebook is used in the analysis and study of control system
engineering using python. Jupyter notebook is an open source application that is used for
machine learning, modelling simulation, data visualization and much more. Installation
of jupyter notebook is done using Anaconda distribution which includes python3, jupyter
notebook and various other packages for data science and scientific computing [5].

3 Control System

Control system is a system in which the output of the system varies in coordination with
the input system. Large varieties of control systems are available. Like, open loop/closed
loop system, time independent/time dependent system, deterministic/non deterministic,
linear/non linear etc. Here the first order linear time invariant system is taken into con-
sideration to understand the concepts. The physical system is analyzed using its mathe-
matical model. The transfer function is the mathematical representation of the physical
system. The transfer function defines the system properties. The analysis of the control
systems can be done in both time domain and frequency domain. If the output of the
control system varies with respect to time, then it is called the time domain response of
the control system. It includes transient response and Steady state response. The stan-
dard test signals used for analysis are impulse, step, ramp and parabolic. These signals
are used to analyze the performance of the control systems in the time domain. The
frequency domain analysis gives the response of a mathematical model with respect to
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frequency. frequency domain elaborates the stability of the system. Here BODE and
NYQUIST plot analysis were discussed for frequency domain.

4 Python Application in Control

At the education level control systems problems are mainly analyzed using MATLAB.
MATLAB software provides Control Engineering Toolbox in which systematic analysis,
designing, and simulation of linear control systems are performed. In control system
toolbox transfer function can be specified for the system, state-space will be done,
analysis of pole zero gain it’s frequency response modeling can be done with ease. It
provides features like step response, Bode plot, Nyquist plot etc. for analysis of behavior
of system with respect to time and frequency. But the software is not freely available
and affordable for individuals. This work provides an insight for the possibility of using
python open source platform to perform all above mentioned tasks of MATLAB for
control system engineering [6, 7].

Here the Fig. 1 below shows how to make the transfer function in Python. It also
shows the calculation of poles and zeros.
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In [67]: g1 = co.tf([2,5],[1,2,3])
gl

Out[67]: 2s+5
s2+25+3
In [68]: co.pole(gl

0ut[68]: array([-1.+1.41421356j, -1.-1.41421356j])

In [69]: co.zero(gl

Out[62]: array([-2.5])

Fig. 1. Transfer function in Python

Figure 2 below shows the pole zero plot of the 2" order transfer function. Here poles
are represented by ‘x’ and zeros are represented by ‘o’. Given transfer function has 2
poles and 1 zero.

Figure 3 below shows the Step response of the transfer function using Python. When
unit step input is applied to the given transfer function the output shows transient state
for a few seconds, then shows steady state response.

2s+5

Transfer function, TF = ——+——
s24+25+3
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Fig. 2. Pole zero plot of the 2 order transfer function
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Fig. 3. Step response of the transfer function using Python

Figure 4 below shows the Impulse response of the transfer function using Python.
Impulse response is basically inverse Laplace transform of the transfer function, which
is a single command operation in python.

2s +7

Transfer function, TF = ————
2435 +2
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Fig. 4. Impulse response of the transfer function using Python

Figure 5 below shows the Sinusoidal response of LTI System using Python. The
graph is drawn between sinusoidal input applied to the transfer function and its output
in the time domain.

2s+5

Transfer function, TF = ——
242543
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Fig. 5. Sinusoidal response of LTI system using Python
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Python also facilitates the conversion of State space representation to Transfer Func-
tion & Transfer Function to state space representation. The Fig. 6 and Fig. 7 below
depicts the same.

Transfer function to State space:

In [12]: g1

out[12]: 25+ 5
s2+25+3

In [13]: gl_ss = co.tf2ss(gl)
gl_ss

Out[13]: A = [[-2. -3.]
[1. e.]]

B = [[1.]
-1

(]

[
C = [[2. 5.]]
D = [[e.]]

Fig. 6. State space representation to transfer function

State space to Transfer function:

In [14]: gi_tf = co.ss2tf(gl_ss)
gl_tf

Fig. 7. Transfer function to state space representation

Control systems behavior are analyzed using various plots like Root Locus, Nyquist
and Bode plots. These plots are easily generated in Python.

Figure 8 below shows the Root locus plot, with centroid at —1 and poles below and
above the imaginary axis along with asymptotes.

s
§$34+252+3s+1

Transfer function, T.F =
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Fig. 8. Root locus plot

Figure 9 below shows the Nyquist plot, To check whether the system is stable or not.

Nyquist plot
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Fig. 9. Nyquist plot
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Figure 10 below shows the Bode plot. The plot displays the magnitude (in dB) and
phase (in degrees) of the system response as a function of frequency.
252 + 552 + 1257 + 55 + 1
s24+25+352+25+3

Transfer function, T.F
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Fig. 10. Bode plot

5 Conclusion and Future Work

In this chapter, an overview study is presented on how Python can perform all the tasks
which are required to be done using the Control Toolbox of MATLAB. The chapter
discussed calculation of transfer function, pole-zero calculation, step response, impulse
response along with various plots like Root Locus, Bode and Nyquist plot for first order
and second order LTI systems.

All other functions required in control system analysis can also be explored using
Python. The open source access of Python and implementation using Jupiter and empow-
ers the researchers and students to work economically and produce the same results in
Python compared to MATLAB.
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