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Abstract 
 

The MATLAB System Identification Toolbox optimizes experimental developments and 

accurately models physical systems using experimental data. Valued for their simplicity and 

robustness, PID controllers are crucial in industries such as food, pharmaceutical, and chemical. 

USP reactors are key in the synthesis of nanomaterials and coating of substrates with thin films, 

as well as in ultrasonic spraying and atomization. In this process, the substrate temperature is 

critical to ensure material. 

 

 

Identification, Control, Spray pyrolysis 

Resumen 
 

El MATLAB System identification Toolbox optimiza los desarrollos experimentales y modela 

sistemas físicos con precisión usando datos experimentales. Los controladores PID, valorados 

por su simplicidad y robustez, son cruciales en industrias como la alimentaria, farmacéutica y 

química. Los reactores USP son clave en la síntesis de nanomateriales y recubrimiento de 

sustratos con películas delgadas, así como en pulverización y atomización ultrasónicas. En este 

proceso la temperatura del sustrato es fundamental para asegurar la calidad del material. 
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Introduction 

 

Currently, research in the development of new 

materials is experiencing impressive growth, this 

means that obtaining techniques are modified 

and new technologies and methodologies are 

developed, one of them is the ultrasonic spray 

pyrolytic (USP) technique (Amador et al., 2020), 

the industrial models to implement this 

technique are costly, which is why the 

development of new low-cost technologies is a 

field of research with great opportunity, in the 

same way as the development of controllers for 

these systems. They have not been widely 

studied. 

 

When designing a controller for a real 

physical system, information about its transfer 

function is often lacking, which is crucial for 

proper design. Therefore, it is necessary to 

identify this transfer function through a 

mathematical modeling process that represents 

the behavior of the real system as closely as 

possible (Poot, 2021). 

 

There are different methods to obtain the 

transfer function of a system, one of them is 

Matlab's System Identification toolbox, which 

allows to approximate a system transfer model 

with a first-order transfer function with delay to 

the real plant through experimental data, a 

function that has the following form: 
 

G(s) =
𝑘𝑒−𝐿𝑠

𝜏𝑠+1
                    [1] 

 

Where 

 

- 𝑘: Process gain. 
 

- 𝐿: Delay. 
 

- 𝜏: Time constant. 

 

USP-type reactors 

 

USP-type reactors are used in synthesizing 

nanomaterials, and the coating of substrates with 

thin films is ultrasonic spraying and atomization. 

These techniques offer complete control of the 

process, guaranteeing high-quality and 

homogeneous results.  

 

 

There are various parameters to consider, 

for example, chemical compounds, carrier gas 

pressure, droplet size, distance from the nozzle 

to the substrate, tank temperature, and extraction 

hood (Amador et al., 2020). Of which 

temperature is the most important parameter in 

the ultrasonic spray pyrolysis technique and 

different morphologies can be obtained at 

various temperatures (Ardekani et al., 2019). 

 

The formation of nanoparticles and the 

deposition of thin films by the USP system will 

be directly influenced by the spray speed, the 

environmental conditions, the gas used for 

transport, the size of the droplets, and the cooling 

rate after the deposition process, but above all 

due to the temperature of the substrate. 

 

Box 1 
 

 
 

Figure 1 

General diagram of a USP-type reactor 

 

Temperature is a parameter that must be 

controlled if optimal results are to be obtained; 

for this purpose, control schemes are developed 

that allow the system to be automated. Usually, 

the works do not focus on that aspect, they are 

oriented towards the design and construction of 

the system, as well as experimentation with 

different deposited materials, such as NaCl 

(Sodium Chloride) and ZnO (Zinc Oxide), as 

shown in (Rodriguez, 2013). 

 

PID controller 

 

PID regulators are widely used in industry due to 

their efficiency and low cost, but their 

implementation requires extensive engineering 

work. The operation of a PID controller is based 

on three essential elements: the proportional 

component (P), the integral component (I), and 

the derivative component (D). These parts 

collaborate to calculate and modify the control 

signal that will impact the variable intended to 

be regulated. 
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Methods such as Ziegler Nichols and 

Cohen-Coon are applied to calculate profits, and 

an example is used to illustrate the design of a 

control system based on specific design 

specifications (Gaviño, 2010). 

 

Within the controller, the error signal (e) 

is determined as the difference between the 

reference value and the process variable (𝑒 =
 𝑟 −  𝑣𝑝), where 𝑟 is the desired value of the 

process variable and 𝑣𝑝 is the variable that you 

want to control. This error signal is used as input 

for the PID algorithm, which is summarized by 

solving the following equation: 

 

𝑣𝑐 = 𝑘𝑝𝑒 + 𝑘𝑖 ∫ 𝑒𝑑𝑡 + 𝑘𝑑
𝑑𝑒

𝑑𝑡
                [2] 

 

The objective of this paper is to 

document the advantages and usefulness of 

using Matlab's System Identification Toolbox, 

as well as the application of a PID control in a 

real system such as a temperature plant, in this 

case, oriented to a USP-type reactor. 

 

Methodology 

 

The physical system for which a PID control is 

intended is shown in Figure 2, it is composed of 

a grill brick, capable of withstanding 

temperatures of up to 900°C, and contains 980 

W resistors. 

 

Box 2 
 

 
 

Figure 2 

Temperature plant prototype. 

 

 

 

 

 

The elements that were used to carry out 

the control action on the plant are the Arduino 

DUE which is used as a microcontroller, it also 

has enough analog and digital pins, and it also 

has specific pins to carry out I2C communication 

and thus has an simplest connection with the 

LCD screen, we connect the JDB2CH-V1.0 

dimmer module to one of the pins that can emit 

a PWM signal, and thus be able to generate a 

control signal.  

 

The respective connections can be seen 

in Figure 2. The hardware was introduced in an 

electrical control box, in this way the user will 

be able to have a more pleasant interaction, in 

addition to protecting and isolating the 

components from particles of dust, water, or 

some other, future disconnections or even 

damage due to mishandling or accidents are also 

avoided. 

 

Box 3 
 

 
 

Figure 3 

Connection diagram for Arduino DUE 

 

Obtaining the transfer function by System 

Identification 

 

To obtain the transfer function of the system, the 

reaction curve identification method was used. It 

was collected the experimental data generated by 

the system at a step input of 40%. For this, it was 

developed a code in Arduino IDE and serial 

communication with Matlab, the advantage of 

using serial communication is that in addition to 

graph the data, it can also save it in vectors in the 

following way, in this case, a total of 800 

samples were taken, in this way it ensures that 

the system's temperature stabilizes. 
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Box 4 
 

 
 

Figure 4 

System response to a step input is equivalent to 40% of 

the PWM signal 

 

Inside a for loop, the graph is plotted in 

real-time while storing the data within the 

reading vector and sending a reference signal 

which is stored in the reference signal vector, 

which is the system's input, and the measured 

temperature values are the output. To send this 

reference signal to the system, a PWM (Pulse 

Width Modulated) signal is used which allows 

the Dimmer JDB2CH-V1.0 module to be told 

how much power to supply to the resistors, this 

is part of the code in Arduino IDE.   

 

Now the data obtained is entered into the 

toolbox found in the APPS section, as shown in 

Figure 4. 

 

Box 5 
 

 
 

Figure 5 

Steps to follow. a) Logo b) Selection of the type of data 

c) Selection of what you want to estimate with that data 

 

 

 

 

With this, the first-order transfer function 

with delay is obtained, the same toolbox shows 

the affinity of the transfer function with the data 

obtained from the real system, which is the best 

fit of 94.27, which is quite acceptable, as shown 

in Figure 5. 

 

G(s) =
10.224 𝑒−30𝑠

1012.95𝑠+1
                    [3] 

 

Box 6 
 

 
 

Figure 6 

Comparison between the real model and the simulated 

one 

 

A block diagram was developed in 

Simulink applying a PID controller, shown in 

Figure 7, the gains applied are shown in table 1.  

 

Box 7 
 

Table 1 

Calculated gains 

 

PID GAINS 

𝒌𝒑 1 

𝒌𝒊 0.005 

𝒌𝒅 1 

  Source: Own elaboration 

 

Box 8 
 

 
 

Figure 7 

Simulink block diagram of PID control scheme 
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Results 

 

Below is the graph obtained by applying PID 

control to the system, with a step input of 40% 

of the PWM signal as a reference. 

 

Box 9 
 

 
 

Figure 8 

System output when applying PID control. 

 

It can be seen how the system’s output 

satisfactorily follows the reference signal, with a 

sub-cushioned behavior. This shows that the 

profits are adequate and it could apply this same 

control to the real plant and observe its behavior. 

 

The calculation of gains was developed 

using the Ziegler and Nichols technique, 

however, the results were not satisfactory, so it 

was decided to calculate the profits 

experimentally.  

 

Conclusions 

 

The use of System Identification Toolbox is 

quite convenient to obtain the transfer function, 

it is a very simple to use and reliable tool, but 

when system parameters are unknown, since it is 

experimental data, a result is obtained that is 

closer to reality, since although have the same 

elements in a system, in practice there will be 

differences, perhaps not as significant but there 

will be. 

 

For the control part, something 

significant is that the electronic components are 

well selected since the current demanded by the 

resistors is high and can damage the 

components, it is a point where problems arise 

because it is complicated. Obtain those 

components with the requirements.  

 

 

The PID control gave positive results, 

although it still needs to be tested 

experimentally, it allows us to see the system's 

behavior and if it is possible to control it. 
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Proportional–Integral–Derivative 

 

Pulse Width Modulated 

 

Ultrasonic Spray Pyrolysis. 

 

 

 

 

https://doi.org/
mailto:m.sogrijalvac@correo.itlalaguna.edu.mx


6 
Journal of Information Technologies and Communications                8[19]1-6: e20819106 

Article 

 

 

ISSN: 2531-2200 

RENIECYT-CONAHCYT: 1702902 
ECORFAN® All rights reserved. 
 

Grijalva-Cedillo, Samuel, García-Hernández, Ramón, Álvarez-Macias, Carlos and 

Martínez-López, Ricardo. [2024]. Obtaining the transfer function using 

MATLAB’s System Identification and PID controller for a temperature plant of an 

USP-type reactor. Journal of Information Technologies and Communications. 

8[19]-1-6: e20819106.  
DOI: https://doi.org/10.35429/JITC.2024.8.19.1.6 

References 

 

Basic  

 

Amador, R. R., Alcántara Iniesta, S., David 

Jiménez Pavón, R., Teniza García, O., Miranda, 

M. G., Noé, S., Altamirano, T., Camacho, J. B., 

Patricia Martínez Hernández, H., Téllez 

González, C., & Acosta-Osorno, M. (2020). 

Técnica de Rocío Pirolítico Ultrasónico para el 

depósito de películas delgadas (Vol. 12, Issue 

7). 

 

Isabel Loeza Poot, M., Marcela Méndez 

Hernández, J., & Noe Hernández Rodríguez, E. 

(2021). Obtención de películas delgadas de TiO 

2 por medio de Rocío Pirolítico Ultrasónico con 

aplicaciones fotovoltaicas. Identidad 

Enérgetica, 2448-7775. 

 

Rahemi Ardekani, S., Sabour Rouh Aghdam, A., 

Nazari, M., Bayat, A., Yazdani, E., & Saievar-

Iranizad, E. (2019). A comprehensive review on 

ultrasonic spray pyrolysis technique: 

Mechanism, main parameters and applications in 

condensed matter. In Journal of Analytical and 

Applied Pyrolysis (Vol. 141). Elsevier B.V. 

https://doi.org/10.1016/j.jaap.2019.104631 

 

Patiño Rodríguez, D. A. (2013). Diseño y 

fabricación de un sistema de deposición de 

películas delgadas y nanopartículas por la 

técnica de rocio pirolitico. 

http://bibliotecavirtual.dgb.umich.mx:8083/xml

ui/handle/DGB_UMICH/3264 

 

Hernández Gaviño, R. (2010). Introducción a 

los sistemas de control: Conceptos, aplicaciones 

y simulación con MATLAB (L. M. Cruz Castillo, 

Ed.; Primera edición). PEARSON. 

https://doi.org/
https://doi.org/10.1016/j.jaap.2019.104631

