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Abstract-The paper is aiming for presenting hardware equipment that can be used in laboratories for the 
illustration of control engineering by means of a relatively cheap and efficient setup. This setup can efficiently 
explain working of various controllers like proportional-integral-derivative controller that are widely used in 
various control engineering laboratories. Existing practice for illustrating the concept of control includes matrix 
laboratory and simulation lacking any supportive hardware for further illustration. Matrix laboratory or 
MATLAB is a multi-paradigm numerical computing environment and propriety programming language that 
expresses matrix and array mathematics directly. Simulink is a graphical programming environment for 
modelling, simulating and analysing multidomain dynamical systems.The paper laid emphasis on importance of 
using a physical system for better visualization of working of a system rather than getting simulated output. The 
system consists of a fan and balanced beam setup linked to Simulink and MATLAB using an interface. The 
balance beam can be controlled by using software resulting in a combined solution for demonstration of a 
system.  The students are benefitted by interacting with a physical realization of control system. The mentioned 
setup is not only easier and cheaper to realize as compared to other conventional methods of hardware 
implementation but its physical size suits the space available in any hardware both the e laboratory. The 
mentioned equipment is implemented in Bachelor of Engineering (BE) in electronics and Bachelor in Science 
(BSC) in Engineering Science in a University in Ireland. Student’s feedback is collected about the experimental 
experience and conclusion about the implementation of control system is drawn at the end of paper. 
Keywords-PID controller, control system, stability, dc motor 

 
 

System description 

The hardware setup is exhibited below in the figure that represents control system 
implementation in laboratory using key elements 

Physical hardware 

The demonstrated hardware setup that is consisting of a fan and supplied with five volts by   
direct current (DC) motor. A structure of a plastic cup attached at the end of a rod that is 
driven by air of the fan [1-5]. Potentiometer is connected with the hardware system setup that 
is not only used for measuring for electric voltage (potential) but also used in laboratory-
based system for measuring beam angle keeping reference the horizontal. The Potentiometer 
contains 3 pins, out of which two are provided with reference input as zero and five volts and 
the third pin returns the current beam’s position whose value’s limit is defined by the two 
reference pins i.e., zero and five volts. Damping in the system is adjusted by counter weight 
[6-12]. 
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Fig.1 

The black box represented in the image contains motor driver circuit is shown in fig.1 

Microcontroller board intersection 

Peripheral connections such as Input- Output (I/O) intersection is a method for transferring 
the information between internal storage and external devices. The microprocessor used in 
mentioned system is Arduino UNO board, which is connected between hardware and 
software on PC. This microprocessor unit ensures that this hardware system is cheap as well 
as easier realization of the desired control system. Since the code is not needed to be written 
for the board, therefore no prior information about working of Arduino UNO board is not 
needed. This figure exhibits connection between hardware control system and 
microcontroller interface board. This Arduino board is finally connected using USB cable to 
PC.  

 

 

 

Fig.2 

 

Simulation model 

Primary interface of the simulation system is a graphical picturization and grouped in block 
diagramming tool and a customizable set of block libraries. If we discuss about the field of 
automation of control system and digital signal processing where Simulink is mostly 
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considered so that simulates the system in multi domain and represents graphically modelled 
design used. It is used to control the hardware system. The figure represents basic blocks: 
Proportional-Integral-Derivative block which is used to define various related parameters, 
Read and Write block using which data can be read in and out from microcontroller Arduino 
board. Both these blocks represent path of communication between board and Simulink. The 
object denoted by (a) in the figure is linked with communication port (com) to Arduino. All 
the mentioned blocks are available in library. 

Experimental analysis and results 

The mentioned equipment is implemented in Bachelor of Engineering (BE) in electronics and 
Bachelor in Science (BSC) in Engineering Science in a University in Ireland. The whole 
experimental procedure is divided into two parts. In the first part, students are required to 
illustrate the effect of p, i and d parameters in PID controllers by simulation on response. In 
second part, range of proportional-integral-derivative controller is investigated for control 
system. Students are benefitted by interacting with a physical realization of control system. 
This setup can efficiently explain working of various controllers like proportional-integral-
derivative controller. The effect of changing various parameters can be visualized physically 
and students now have a better appreciation of topic. Results for the experiment can be 
depicted as : 

 

Fig.3 

Figure. a shows response for proportional controllers with 3 different values of 
proportionality constant having kp = 3(behaviour is represented by a blue line), kp = 
5(behaviour is represented by a red line) and kp = 8(behaviour is represented by a black line). 
All errors shown in graph are measured from the set point whereas plot represented in figure. 
b depict response of proportional (blue line) and proportional integral (red line) controller. 
Graph, in both the cases, is plotted as error scale about y-axis, in which each ten units block 
is equal to  error in angle of about 3 degrees and time in seconds is represented along x axis. 
Results are displayed in fig.2 and fig.3 accordingly. 

Conclusion drawn 
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Feedback collected from students shows that experimental setup serves as a beneficial 
experience in improving their understanding about working of a control system. The major 
drawback experienced during its operation is that not all hardware system is working 
properly. Almost all users of apparatus respond positively and it can be used as standard 
experimental setup in control laboratories in future times. 
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