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1. Prefácio

Na última década temos acompanhado tremendos avanços tecnológicos em áreas ligadas à
Inteligência Artificial (IA). Essas novas tecnologias já influenciam de forma significativa em
nossa vida diária. Há uma enorme expectativa que a área da robótica também, em breve, comece
a seguir um semelhante caminho. Dentre as aplicações consideradas mais iminentes temos os
carros autônomos e os drones, contudo outras aplicações, por exemplo, envolvendo manipulação
de objetos e até robôs humanoides bípedes, já não parecem tão distantes de se tornarem realidade.

É difícil prever exatamente que tipo de impacto tais avanços causarão na sociedade, mas
sabemos que essas tecnologias terão papel importante na sociedade das próximas décadas.
Olhando para o passado, acompanhamos, por exemplo, a tremenda automação do sistema
bancário. Agências bancárias que nos anos 90 empregavam dezenas de caixas, hoje são quase
que completamente automatizadas com terminais de auto-atendimento. O que podemos imaginar
se extrapolarmos isso para o futuro em áreas do escopo de aplicação das novas tecnologias de
IA e Robótica? Alguns economistas alertam sobre a possibilidade de desemprego em massa,
enquanto outros, mais otimistas, apontam sobre o surgimento postos de trabalho em novas áreas
de atuação.

Diante desse cenário, o Brasil, como país em desenvolvimento, ocupa uma posição bastante
desfavorável. Infelizmente falta em nosso país um maior incentivo para a educação tecnológica,
para a produção de ciência e tecnologias, e para a formação de startups inovadoras. Sem esse
tipo de preparo, não seremos os donos das patentes ou dos robôs que ocuparão nossas vagas de
trabalho, nem estaremos qualificados para ocupar as novas vagas que possivelmente surgirão.
No meio político, a prevalente ignorância sobre o tema agrava ainda mais esse cenário.

Os eventos Brazilian Humanoid Robot Workshop (BRAHUR) e Brazilian Workshop on

Service Robotics (BRASERO) são esforços no sentido de incentivar o desenvolvimento das
áreas de Robótica e Inteligência Artificial em nosso país com foco em aplicações relevantes
para a sociedade, através da criação de comunidades, compartilhando conhecimentos e trocando
informações para o avanço dessas áreas. Este evento é um esforço conjunto da FEI, FURG e
UFSM, em parceria com o Capítulo Sul-Brasileiro da Sociedade de Robótica e Automação (RAS)
do IEEE. Infelizmente, não pudemos contar com apoio financeiro de agências de fomento —
essas são infelizmente negligenciadas de forma extremamente irresponsável pelos governos ano
após ano, prejudicando o avanço da ciência e tecnologias no país. Ainda assim, consideramos
que o evento foi realizado com sucesso, sem a necessidade de cobrança de taxas de inscrição,
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mesmo sem ajuda externa, contando apenas com espaços e recursos cedidos pela FEI, e contando
ainda com o apoio de um time de organizadores e voluntários apaixonados e motivados.

Este volume compila as contribuições de diversos autores, em grande parte alunos de cursos
de Engenharia e Computação, em nível de graduação e pós, que foram apresentados durante o
evento. Temos orgulho de ter aberto aqui espaço para publicação de trabalhos e divulgação de
conhecimento que, em sua maioria, dificilmente encontrariam aceitação em eventos maiores ou
periódicos, mas que ainda assim servem de importantes stepping stones nessa direção. São, em
sua maioria, relatórios sobre trabalhos em andamento ou descrições de sistemas empregados em
equipes de robótica, que dão um valioso insight nos temas de interesse dos diferentes grupos de
pesquisa de nosso país.

Esperamos que essa ação contribua no fomento das áreas de Robótica e IA e que, conse-
quentemente, ajude, ainda que minimamente, na direção de melhor preparar nossa querida nação
para os impactos dessa revolução tecnológica que está em curso.

Rodrigo S. Guerra
Paulo L. J. Drews Jr.

Danilo H. Perico

ISBN: 978-85-98123-14-1 7
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Abstract— The development of robotic structures has been 
implementing a modular architecture strategy, in order to 
subdivide the set of modules to simplify the complexity of the 
whole, in addition to expanding the playing field of the same 
robot. Thus, this research project is the study and development 
of a modular architecture of a robot. Researches were made 
among several robotic application areas with the purpose of 
studying and analyzing the different uses of modularity in the 
area. Starting from the studies will be possible to develop a 
modular structure for a home care robot. 

I. INTRODUCTION 

The use of autonomous mobile robots in industrial 
environments for the optimization of production lines and 
reducing labour costs, is shown how promising is the future 
of this area [1]. In the same way, the use of robots in 
domestic environments has helped people in daily and 
exhaustive activities. However, for good performance of the 
robot in different environments, it should be developed 
according to the characteristics of the environment in which 
it will act, which tasks will execute and with which user 
profile. Researches applied in robotics consider the detailed 
study of the user profile in the interactive process with robots 
[2]. The various characteristics of robot design, considering 
electronic and mechanical aspects, directly influence the 
interaction process with humans and objects available in 
environments that were also designed for people. In this 
context, are verified researches that consider the study of 
human factors in mechanical designs [3] or ways of 
documenting the knowledge acquired in intelligent interfaces 
projects applied in robotics [4]. 

Nowadays the home care robots have been developed 
with the intention of resembling the human characteristics 
and executing them autonomously. In this way, considering 
aspects of human factors in the mechanical design of the 
robot and documenting the problems and solutions is 
essential for the evolution of the area. The modularization 
project of robot is very important to facilitate assembly and 
maintenance, both in the technical aspect of development and 
coupling of new modules, as to the end user. 

As a motivating element of the challenges of the area, 
there are competitions with the purpose of bringing together 
researchers with interests in the development services robot 
and technology with high relevance for future personal 
domestic applications, such as RoboCup@Home [5] and 
Latin American and Brazilian Robotics Competition [6]. 
RoboCup@Home is the largest annual competition for 
autonomous service robots and is part of the RoboCup 
initiative. In this competition a set of reference tests is used 
to evaluate the skills and performance of the robots in a 
simulated home environment, as can be seen in Figure 1.  

 

 

The focus is on the following domains: Human-Robot 
interaction and cooperation; Autonomous navigation in the 
environment; Computer vision and object recognition; 
Manipulation of objects; Adaptive behavior; Integration of 
behaviors; and Integration and standardization of systems. 

 

Figure 1.  Simulated scenario of a domestic environment [5]. 

 

HERA is an acronym for Home Environment Robot 
Assistant [7]. HERA is a robot that has been developed in the 
robotic laboratory of the University Center FEI since 2015, 
passing through several versions, having as parameters for 
the development the competition RoboCup@Home. 

Initially the robot was composed by PeopleBotôs robotic 
platform [8] with a KUKAôs mechanical arm [9]. However, 
with the need for replacements for new components and the 
improvement in robot performance in RoboCup@Home 
competition tasks, several adaptations were made to the 
original PeopleBot platform. 

The current version of the HERA robot in structural 
aspects, is composed of the PeobleBot built made from 
1.6mm aluminum plates, coupled on an omnidirectional base 
manufactured by SuperDroid Robots, structurally composed 
of aluminum chassis with payload of approximately 90 kg. 

The robot has devices that aid in the human-robot 
interaction, of which they are: the manipulator used for the 
manipulation of objects, developed by members of the 
RoboFEI team; the Kinect sensor used to detect faces and 
objects; the Hokuyoôs scanning laser rangefinder, used for 
autonomous robot navigation in the environment; the 
microphones and the MATRIX Creator sensor, used for 
voice recognition and as input means of the robot; the 
speakers, used to give feedback to the operator; and the tablet 
that simulates the face of the robot, designed to express 
simulated facial reactions, making it more receptive. Finally, 
the robot has a set of algorithms of Artificial Intelligence and 
Computational Vision that produce essential elements for its 
reaction and decision-making. In Figure 2.  can be seen the 
3D modeling in exploded view of the HERA robot. 

However, with the short periods between the events and 
competitions, it wasnôt possible to have an adequate planning 

Modularization Mechanical Project of the HERA Service Robot  

1William Yassuhiro Yaguiu, 2Plinio Thomaz Aquino Jr.  
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approaching the modularity of the robot, consequently, 
resulting in large numbers of fixation points and difficulties 
in locating electronics defects. 

 

 

Figure 2.  Exploded view of the HERA robot. 

 

Currently the development of robots is based on the 
modularity strategy or modular architecture, its principle is to 
subdivide the robotic structure into modules, which can be 
easily assembled and replaced. This type of architecture not 
only increases the action field of the robot in different 
environments and situations, but also facilitates the 
individual development of each module and enables the 
interaction between a variety of components, creating a more 
complex set. 

Aiming at the current problems related to the modularity 
of the robot, itôs proposed to subdivide it into modules, 
providing facilities for future improvements in this robotic 
structure. In addition, it is also aimed at the development of 
quick and easy connections between the modules, reducing 
time and facilitating assembly to user. 

II. MODULAR ARCHITECTURE 

The modular architecture allows to manage and develop 
complex products and systems efficiently, decomposing 
them into simple subsystems or modules, without altering the 
integrity of the system [10]. Each module implements only 
one or a few of the main functions in its entirety, while in an 
integral structure, functionality is scattered throughout the 
product. 

A. Modular architecture in products 

The modular architecture of the product is divided into 
two elements, being the functional and the physical. The 
functional elements of a product are the individual operations 
and transformations that contribute to the entire product, in 
this case the modules. And the physical elements are the 
components or subassemblies that are implement the 
functional elements to the product. Examples are notebooks, 
airplanes, automobiles, among others. The interfaces 
between these elements or modules are well defined, as can 
be observed in Figure 3. . These interfaces are divided into 
three types [11]: 

¶ Slot: the interfaces between the components differ 
from each other, preventing the interchangeability 
between the various components; 

¶ Bus: in this, the interfaces are identical, where the 
different components are connected to a structure 
that makes the connection between them; 

¶ Sectional: this architecture is the mixture between 
the two mentioned above, where the interfaces 
between the different components are identical and 
allow the connections between each other, that is, the 
interchangeability. 

 
Figure 3.  Types of modular architecture. a) Slot. b) Bus. c) Sectional [11]. 

B. Modular architecture in robotics  

In modular architecture robotic is implemented in both 
computational, mechanical and electronic aspects. In 
mechanical aspects there are two modular systems, being 
homogeneous and heterogeneous [12]. 

Homogeneous systems consist of mechanically identical 
modules. Its advantages are related to the interchangeability 
between the modules and can be produced more quickly due 
to the greater number of identical parts. 

Heterogeneous modular robots have two or more 
mechanically different modules. These systems may be more 
compact than homogeneous systems. 

The electronics are developed in conjunction with the 
mechanics, so that the communication and power system of 
robot are aggregates to the module. And when the modules 
are connected, there is the transfer of communications and 
energy between them. 

In computational aspects, the modular programming 
allows to subdivide the robot programming in parts, based on 
the tasks that it executes, for example, computational vision, 
manipulation and navigation. In this way, it allows the 
flexibility in the development and facilitates the maintenance 
of each programming module. 

BRAHUR-BRASERO 2019 II Brazilian Humanoid Robot Workshop and III Brazilian Workshop on Service Robotics
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III. INITIAL MAPPING 

For an initial mapping, studies and analyzes are being 
done of different robotic architectures that were or are being 
developed by research institutions and specialized companies 
in this field. This step is essential for the beginning of the 
development of the mechanical project the HERA robot. 

A. RoboCup@Home competition team robots 

AMIGO is an acronym for Autonomous Mate for 
Intelligent Operations. AMIGO is a robot developed by Tech 
United team Eindhoven [13]. Through the availability of the 
3D modeling files of the AMIGO robot structure, it was 
possible to analyze its architecture that is subdivided into 
four modules, being: 

¶ Omnidirectional base, containing the batteries and 
the electronic system; 

¶ Body containing the lifting mechanism;  

¶ Robotic arms; 

¶ Head, containing a laser. 

For connections, fittings and screws were used as 
fastening elements. 

 

Lisa is a robot developed by Homer team [14]. Itôs a 
more robust robot, consisting of a robotic arm, a mobile base 
and a display that simulates the face of the robot. This robot 
is subdivided into the following modules: 

¶ Mobile base;  

¶ Central structure, where the face, robotic arm and 
robot electronics are located; 

¶ Top set, containing devices such as sensors and 
microphone. 

For the fixation of these modules, screws were used and 
in particular, for the coupling of the robotic arm, a square 
structural profile was used in the central structure and a 
square coupling at the base of the arm, facilitating the 
assembly and disassembly of this system. 

B. Modular Self-Reconfigurable Robots 

The Modular Self-Reconfigurable Robots are robots 
composed of similar modules that can rearrange their 
connections to form various structural shapes in an 
autonomous manner. The connections between the modules 
are usually composed of pins and a latch in the shape of a 
hook, forming a rigid connection. These latches are moved 
by SMA wires, Shape Memory Alloys, having as a principle 
to change shape when driven by electric currents, this joint 
system can be seen in Figure 4. . An MSRR system can 
change its shape to suit the environment better, either to pass 
over a hole or form a multi-arm structure. However, this 
flexibility of shapes compromises the performance and cost 
of the robot. These systems are particularly suitable for 
situations where operating conditions arenôt known [15]. 

 
Figure 4.  Joint system of an MSRR robot [15]. 

 

These systems can be classified according with the 
geometric arrangement, being: 

¶ Lattice: the modules are arranged in a 2D or 3D grid 
structure, there are different positions that a module 
can occupy. This arrangement generally simplifies 
the reconfiguration process, in addition to having a 
simpler kinematics than the others; 

¶ Chain: is a set of modules organized into groups 
forming different structures, resulting in a 
computationally more difficult system when 
compared to Lattice; 

¶ Mobile: are modules that move in the environment 
separately. When there is a link between two or more 
modules, these can be structured in lattice or chain 
arrangements. 

 

Odin [12] is a robot developed to perform tasks in a 
simulated Mars environment proposed by ICRA Planetary 
Robotic Contingency competition that inspires researchers to 
show the potential of modular robots in certain 
environments. In this way it is necessary that the robot has 
versatility in its functions to perform as many different tasks 
as possible. From the concept of heterogeneous modular 
architecture, the Odin robot structure was divided into four 
submodules: 

¶ Structure module: passive module that drives 
structural resources; 

¶ Actuator module: active module that enables 
movement and manipulation of the robot; 

¶ Sensor module: provides sensory inputs to the 
environment; 

¶ Power module: responsible for supplying power to 
the robot. 

 

Mori [16] is a robot that is being developed aiming at the 
auto reconfigurability of its modules. This robot is inspired 
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for the art of folding paper, origami. In this way, Mori is 
composed of automated "robotic sheets" with a defined 
crease pattern and through built-in actuators can bend in 
various morphologies incorporating a true robotic origami 
design. The "robotic sheet" can be seen in Figure 5. . The 
main features of this robot are:  

¶ To be reconfigurable and have interfaces with 
mechanisms without gender; 

¶ To have a system of actuation in each interface of the 
"robotic sheet" that allows to bend the axis of hitch 
to provide the reconfigurability of the structure; 

¶ Each module has an equilateral triangle shape with a 
very thin structure, allowing the minimum angle 
between the "robotic sheets"; 

¶ To be mobile, in the most time independently. 

 

Figure 5.  "Robot sheet" of the Mori robot [16][16]. 

C. Modular reconfigurable robots 

Thor [17] is also a robot developed for the competition 
organized by ICRA. This robot is developed from modules 
aiming the optimization of its performance in the tasks. For 
the connections between the modules in the mechanical 
aspects, as can be seen in Figure 6. , they are composed of 
the following elements: 

¶ Pins with magnets at their ends and holes with 
magnets of opposite polarity to the pins, for aligning 
the modules at different angles;  

¶ Screw holes, in this case the magnets are not strong 
enough to withstand the forces exerted on the robot;  

¶ A central axis used to transmit mechanical power to 
the next module.  

 
Figure 6.  Mechanical aspects of the interface between Thor's modules [17]. 

 

Modular manipulators are being developed with the 
purpose of increasing their field of action, increasing or 
decreasing the amount of degrees of freedom. One example 
is the modular reconfigurable manipulator developed by 
TRACLabs [18] to NASA. Starting from the concept of 
modularity and mechanical aspects, the manipulator is 
composed of: 

¶ Identical joints between the modules, known as 
Universal Mating Adapter. This joint provides a 
strong mechanical connection, power transfer and 
data connections at the interface; 

¶ Quickly assembled or dismantled joints having only 
to fit and rotate an inner threaded ring onto the 
threaded outer surface of the next module, as can be 
seen in Figure 7. ; 

¶ An automated joint on the wrist of the manipulator, 
making it possible to exchange claws autonomously; 

¶ Absolute and relative position encoders, a magnetic 
brake and non-volatile memory that stores electrical, 
mechanical and kinematic parameters. 

 

Figure 7.  TRACLabsôs modular reconfigurable manipulator [18]. 
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IV. METHODOLOGY 

For the development of this project was used the resources 
available at the Laboratory of Human Robot Interaction and 
Intelligent Interfaces Group (HR3iGroup)  

In view of the need of modular architecture in the current 
structure of the HERA robot, this research project aims at to 
develop the mechanical design of a modular structure, 
facilitating the development of future modules and facilitating 
their assembly, consequently reducing assembly time at 
RoboCup@Home competition. 

Therefore, itôs important to have the study of the 
RoboCup@Home regulation in principle, which may have 
requirements that directly influenced this project. And in 
parallel, itôs necessary an extensive study of the types 
modular architecture that are already being used within the 
robotics, analyzing the robot architecture of RoboCup@Home 
competition or other categories and companies or institutions 
specialized in robotics. From this, it becomes necessary to 
analyze and identify which of the types of architectures are 
most efficient in the HERA robot. 

Based on these studies and analyzes, will be drawn the 
sketches of the structure in 3D using Autodesk Inventor 
software [19] and demonstrated to team members for 
validation in the physical aspects of the robot. In this step, it 
will be possible to observe and conclude which machining 
processes will be used at the Mechanics Laboratory Center of 
the University Center FEI. 

For the selection of materials that will be consulted in the 
project, the software CES Edupack [20], always aiming at the 
best relations between mechanical strength, material density 
and cost. 

 The preliminary verification of the structural analysis of 
the prototype, will be used a structural analysis tool by the 
finite element method also of Autodesk Inventor software. 
And for the final verification of the model, the ANSYS 
Workbench software [21] will be used. 

After the analysis and approval of the team in relation to 
the visual characteristics of the robot, in particular the joint 
system between the modules will be manufactured in the 3D 
printers in small scale, in order to perform physical tests and 
visualize possible adjustments. Then the manufacturing 
orders of the parts were made. 

V. INITIAL RESULTS 

In this first stage, through the studies about the modular 
architecture applied to robotics, the robots that are or were 
developed being from RoboCup@Home and other categories 
and considering the characteristics required for a home care 
robot, concluded that the type of architecture modular system 
will be the heterogeneous system. This system is the most 
used or the one that comes closest to the architectures that 
the teams use in the development of their robots. In order to 
conserve the current physical characteristics of the HERA 
robot, this system also allows in the modularization 
conserving these characteristics of the robot. 

In this way, it was possible to divide the robot structure 
into two sets, the upper and lower set. The upper set will 

consist of the following components that require 
computational control: Kinect sensor, MATRIX Creator 
sensor, microphones, tablet, speakers, servo motors and 
robotic arm. The lower set will consist of scanning sensors 
rangefinder, XTION sensor and omnidirectional base. With 
the division of sets, it was possible to schematize the 
subdivision of these sets into modules as shown in Figure 8. . 

 
Figure 8.  Schematic of the modules in study. 

 

¶ Head, consisting of the tablet, microphones and the 
vision and hearing sensors; 

¶ Robotic arms, can be coupled in the center of the 
body using only one arm or the sides of the thorax, 
using two arms; 

¶ Thorax, responsible for interconnecting the head, 
robotic arms if necessary and body. In addition to be 
a structural module, the thorax will also be a carcass 
for the upper set computational system; 

¶ Body, responsible for interconnecting the thorax with 
the base. In the schematic of Figure 8. , was shown a 
body with the possibility of regulating the robotic 
arm in different heights, but instead of using a body 
as a static structure, a lifting system already 
developed by RoboFEI team could be used; 

¶ Power supply system, responsible for the energy 
supply of the robot. Considering that heavier 
components are currently part of the power supply 
system, this specific system will be at the first level 
of the robotic structure under study, aiming to have a 
robot center of mass closest to the ground; 

¶ Bottom box, where it will contain the computational 
system of the lower set. 
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