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APRESENTAÇÃO

A Atena Editora apresenta o e-book “Engenharia Elétrica e de Computação: 
Atividades Relacionadas com o Setor Científico e Tecnológico 3”. O objetivo desta 
obra é mostrar aplicações tecnológicas da Engenharia Elétrica e de Computação na 
resolução de problemas práticos, com o intuito de facilitar a difusão do conhecimento 
científico produzido em várias instituições de ensino e pesquisa do país.

O e-book está organizado em dois volumes que abordam de forma 
categorizada e interdisciplinar trabalhos, pesquisas e relatos de casos que transitam 
nos vários caminhos da Engenharia Elétrica e de Computação.

O Volume III tem como foco aplicações e estudos de atividades relacionadas 
à Computação, abordando temas variados do hardware ao software, tais como 
automação e robótica, arquitetura de redes, Internet, computação em névoa, 
modelagem e simulação de sistemas, entre outros.

O Volume IV concentra atividades relacionadas ao setor elétrico e eletrônico, 
abordando trabalhos voltados para melhoria de processos, análise de desempenho 
de sistemas, aplicações na área da saúde, entre outros.

Desse modo, temas diversos e interessantes são apresentados e discutidos, 
de forma concisa e didática, tendo como base uma teoria bem fundamentada nos 
resultados práticos obtidos por professores e acadêmicos. 

Boa leitura!
Lilian Coelho de Freitas
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ABSTRACT: This work presents a DC 
servomotor position control. A H∞ mixed 
sensitivity controller was projected. This kind of 
controller has advantages in terms of robustness, 
stability and performance when the plant is 
subject to disturbances, noises, parametric 
uncertainty and modeling uncertainty. The 
controller was implemented in an Arduino Mega 
2560 board, aiming a simple, practical and low-
cost solution, that can be used didactically for 
teaching subjects in control area. To evaluate 
the controller performance, experimental results 
were obtained using a low-cost DC servomotor 
and the Arduino Mega 2560 board integrated with 
Matlab/Simulink. Analyzing the results, it can be 
seen that the controller presents stability, good 
performance and robustness and the experiment 
apparatus proposed is a simple, practical, low-
cost and didactic solution.
KEYWORDS: H∞ Control; Robust Control; 
Arduino; Servomotor.

CONTROLE H∞ SENSIBILIDADE MISTA 
DE UM SERVOMOTOR USANDO 

ARDUINO
RESUMO: Este trabalho apresenta o controle de 
posição de um servomotor CC. Foi projetado um 
controlador H∞ sensibilidade mista. Este tipo de 
controlador apresenta vantagens em termos de 
robustez, estabilidade e desempenho quando a 
planta é sujeita a distúrbios, ruídos, incertezas 
paramétricas e incertezas de modelagem. O 
controlador foi implementado usando uma placa 
Arduino Mega 2560, visando uma solução simples, 
prática, de baixo custo e que pode ser utilizada 
didaticamente para o ensino de disciplinas na 
área de controle. Para avaliação do desempenho 
do controlador, resultados experimentais foram 
obtidos utilizando a placa Arduino Mega 2560 
integrada com Matlab/Simulink. Analisando os 
resultados, pode-se observar que o controlador 
apresenta estabilidade, bom desempenho e 
robustez e o aparato experimental proposto é 
uma solução simples, prática, de baixo custo e 
didática. 
PALAVRAS-CHAVE: Controle H∞; Controle 
Robusto; Arduino; Servomotor.

1 | 	INTRODUCTION
A DC servomotor is basically constituted 

by the combination of a DC motor, a gear system 
coupled to the load shaft and a rotary encoder. 
The encoder provides position feedback to a 
controller that enables precise and fast position 
control. Servomotors are widely use due to 
their low-cost and simplicity of control. There 
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are several applications for servomotors such as automatic machine tools, the 
manufacturing industry, robotic systems, computer and others (OGATA, 2009). 

In several modern applications, servomotors are controlled using PID 
(Proportional-Integral-Derivative) controllers (OGATA, 2009). In some works, 
advanced techniques are proposed for the control of servomotors aiming increasing 
precision, performance and robustness, such as adaptive control (PATHAK and 
ADHYARU, 2016), Fuzzy control (BATURE, et al., 2013), sliding mode control 
(KASSEM and YOUSEF, 2012) and others.

In this work, it is proposed the position control of a DC servomotor with a 
H∞ mixed sensitivity controller. This kind of controller has advantages in terms of 
robustness, stability and performance when the plant is subject to disturbances, 
noises, parametric uncertainty and modeling uncertainty. Such advantages are 
not observed in PID controllers. This control technique can be seen applied in 
several recent works such as DEYOU, et al. (2011), RACHEDI , et al. (2013) and 
PINHEIRO and  COLÓN (2017 ) .

The controller was implemented in an Arduino Mega 2560 board and a low-
cost DC servomotor was used, aiming a simple, practical and low-cost solution, that 
can be used didactically for teaching subjects in control area. The use of Arduino 
board for simple, didactic and low-cost solutions can be seen in works like LOBO, 
et al. (2017) and VIEIRA, et al. (2015). To evaluate the controller performance, 
experimental results were obtained using the Arduino Mega 2560 board integrate 
with Matlab/Simulink.

2 | 	SYSTEM MODELING 
The system considered in this work is a DC servomotor, whose schematic 

representation is shown in Fig. 1 (OGATA, 2009). The system parameters are motor 
voltage ei, motor inductance L, motor resistance R, angular displacement of rotor 
shaft θm, rotor moment of inertia Jm, motor torque T, angular displacement of load 
shaft θ, load moment of inertia JL and transmission ratio n = θ/θm. 

Figure 1: DC servomotor schematic representation (OGATA, 2009).
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The system dynamical modeling is obtained integrating the electrical modeling 
of the DC motor and the mechanical modeling of the gear system coupled to the load 
shaft.

The electrical modeling of the DC motor is based on Kirchhoff’s voltage law. 
Thus, we obtain:

where im is the motor current and kb is the back EMF (Electromotive-Force) 
constant of motor.

The mechanical modeling of the gear system coupled to the load shaft is 
based on Newton’s second law. Thus, we obtain:

where k is the motor torque constant and TL = T/n is the motor torque applied 
to the load.

Using (1), (2) and (3) and applying the Laplace transform, we obtain the 
system dynamical modeling:

It is normally assumed that the motor inductance L is much lower than Jm, JL, 
n and, therefore, can be neglected. Thus, the modeling (4) becomes:

3 | 	H∞ MIXED SENSITIVITY CONTROL 
H∞ mixed sensitivity is as robust control technique. Robust control has been 

widely applied and studied in recent years. Robustness is related to control system 
capability to maintain its performance even when subject to disturbances, noises, 
parametric uncertainty and modeling uncertainty. The objective of the H∞ control 
theory is to obtain a controller that optimizes a given H∞ norm ensuring robustness.

Consider the block diagram of the closed-loop system shown in Fig. 2, where 
G is the plant transfer function, K is the controller transfer function, r is the reference 
input, e is the error signal, u is the control input, d is a disturbance, y is the output 
and no is a noise. 
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Figure 2: Block diagram of the closed-loop system.

The H∞ mixed sensitivity controller K minimizes the H∞ norm of the transfer 
function N (SKOGESTAD and POSTLETHWAITE, 2005):

and does ǁN ǁ∞ < 1. S = (I + GK)-1 is the sensitivity function, T = (I + GK)-1GK 
is the complementary sensitivity function and WP, Wu and WI are weight functions 
chosen in order to adjust the closed loop transfer functions S, KS and T, respectively. 
WP is chosen by the designer in order to the reflect the desired specifications for 
the closed loop system and determines good reference tracking and disturbance 
attenuation, Wu  penalizes the control action and WI is related to modeling uncertainty.

The closed loop transfer functions S, KS and T, must satisfy the following 
inequalities (KWAKERNAAK, 1993):

If γ < 1, it is guaranteed that ǁN ǁ∞ < 1.
The block diagram of the closed-loop system considering weight functions 

WP, Wu and WI is showed in Fig. 3.

Figure 3: Block diagram of the closed-loop system considering weight functions WP, Wu 
and WI.
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Typically, WP is chosen in the form (SKOGESTAD and POSTLETHWAITE, 
2005):

where ωb is the minimum bandwidth frequency of S, A is a parameter that 
makes S small in low frequencies and reduces stationary error and M is a parameter 
that limits ǁS ǁ∞.  

The modeling uncertainty is represented by (SKOGESTAD and 
POSTLETHWAITE, 2005):

where GP  is the plant transfer function with multiplicative uncertainty ∆I.
The conditions to satisfy nominal performance, robust stability and robust 

performance are given, respectively by:

4 | 	ARDUINO BOARD 
Arduino is an open source electronic prototyping platform based on flexible 

and easy to use hardware and software. It can also be considered an embedded 
computing platform that can be programmed to process inputs and outputs connected 
to it (MCROBERTS, 2011). There are many variants of the Arduino board, such as 
Arduino Uno, Mini, Nano and others. In this work, the Arduino Mega 2560 board was 
applied.

The board Arduino Mega 2560 is based on 8-bit RISC microcontroller ATmega 
2560 with 256 KB Flash, 8 KB RAM, 4 KB EEPROM and 16 MHz crystal oscillator. 
The board has 54 I/O pins, 4 serial communication channels, 16 analog inputs, 15 
PWM outputs, SPI and I2C communication, and USB connection. 

The board Arduino Mega 2560 is typically programmed using its IDE, where 
the code is written in a specific programming language, compiled and loaded on the 
board. However, in this work, the programming was realized using Matlab/Simulink.

5 | 	EXPERIMENTAL DESCRIPTION 
To evaluate the controller performance, experimental results were obtained 

using a low-cost DC servomotor and the Arduino Mega 2560 board integrated with 
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Matlab/Simulink. A schematic representation of the experiment is showed in Fig. 4. 
The control signal generated by Arduino is applied in the Driver L298N through one 
of its PWM (Pulse-Width-Modulation) outputs. This driver provides the power signal 
to the DC servomotor and has a H-bridge to control the rotation direction. The DC 
servomotor has a rotary encoder thar provides angular displacement of load shaft as 
a feedback signal to Arduino.

Figure 4: Schematic representation of the experiment.

The H∞ mixed sensitivity controller design was realized with Matlab. It is 
necessary to know the parameters of system modeling to realize the controller 
design. These parameters were obtained experimentally using Matlab function 
System Identification. Basically, an input is applied to the system and the output 
is acquired and stored. A generic system mathematical model is provided, and the 
parameters are estimated according to the inputs and outputs stored. The generic 
mathematical model is given by: 

This model was chosen due to servomotor modeling shown in (5). The term 
e-Tds is related to a delay time Td.

The H∞ mixed sensitivity controller was obtained using the Matlab function 
mixsyn (GU, et al. 2013) and the controller implementation with Simulink is showed 
in Fig. 5. 
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Figure 5: Controller implementation with Simulink.

The blocks and signals in Fig. 5 are similar to Fig. 2. The Matlab function 
H-bridge and PWM provide the control signal to the DC servomotor. The outputs 1 
and 2 are Arduino digital outputs that control the direction or stop the DC servomotor. 
PWM is an Arduino analog output to control the DC servomotor. It is important to 
highlight that Arduino communicates with Simulink via USB cable and, therefore, all 
system inputs and outputs can be supervised through Simulink.

6 | 	RESULTS AND DISCUSSIONS
In this section, the experimental results obtained are showed. Initially, the 

parameters of the mathematical model (15) was obtained. The parameters are K = 
60.439, TP1 = 10-6 e Td  = 0.3 s. The delay time was applied in the model using a first 
order Padé approximation (OGATA, 2009).

The H∞ mixed sensitivity controller K obtained using the Matlab function 
mixsyn was

considering the mathematical model (15) and the weight functions

It was obtained γ = 0.9733, so the conditions (7), (8) and (9) were satisfied. 
The reference input (r) is a step with amplitude π/2 rad. The system output 

θ response without external disturbance is showed in Fig. 6. The system output θ 
response with an external disturbance is showed in Fig. 7. The external disturbance 
(d) is a step with amplitude 5 rad applied after 5 s. The system output θ response 
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with a Gaussian noise is showed in Fig. 8. The noise has mean 0 and variance 0.087 
rad. The Bode diagrams to verify nominal performance (12), robust stability (13) and 
robust performance (14) are presented in Figs. 9, 10 and 11.

Figure 6: System output θ response without external disturbance.

Figure 7: System output θ response with an external disturbance.
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Figure 8: System output θ response with a Gaussian noise.

Figure 9: Bode diagram to verify nominal performance (12).

Figure 10: Bode diagram to verify robust stability (13).
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Figure 11: Bode diagram to verify robust performance (14).

The results in Figs. 6, 7 and 8 show that in all cases the system output θ tracks 
the reference input adequately, with good transient and steady state performance. 
When disturbance and noise were added, it was observed an increase in steady 
state, however this increase was small, and the system can be considered robust. 

In Figs. 9, 10 and 11, it was observed that conditions (12), (13) and (14) 
were satisfied and the system has nominal performance, robust stability and 
robust performance. It is important to highlight that some controllers with better 
performances were obtained, however these controllers presented γ > 1 and do not 
satisfy conditions (12), (13) and (14).

7 | 	CONCLUSIONS
This work presents a DC servomotor position control with a H∞ mixed 

sensitivity controller. The controller was implemented in an Arduino Mega 2560 board 
integrated with Matlab/Simulink and it was used a low-cost DC servomotor. Analyzing 
the results, it can be seen that the controller presents stability, good performance and 
robustness when it is applied disturbances and noises. Beside this, the experimental 
apparatus is a simple, practical and low-cost solution that can be used didactically 
for teaching subjects in the control area.
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