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Abstract - This article has the purpose of developing
an educational robotic cell through the automation by
using the Arduino programming, demonstrating from
the simplest to the most complex application. We will
approach the main routines and their particularities.
We will also discuss existing type of robot in today’s
world and which applies the best in this project.

Keywords: Arduino, Automation, Robotic,
Programming, Handling.

I.  Introduction
The Arduino concept originated in Italy in 2005
with the objective of creating a device that is used in
projects / prototypes built in a less expensive way than
other systems available on the market.

The main idea is to encompass Arduino’s
hardware’s concepts and free software and be available
for usage and contribution to the whole society.

Arduino is a development kit that can be seen as a
unit of processing capable of measuring external
environment variable, transforming in a corresponding
electric signal, through the wired sensors to it
terminals. With  these information, it can
computationally process them. Al last, it can still
control or activate some other electronic element
connected to its exit terminal.

In the programmable automation, the productive
machinery is designed with the ability to modify the
sequence so as to accommodate different product
configurations operations. The sequence of operations
is controlled by a program, a coded set of
instrumentation so that it can be read and interpreted by

the system. Companies perform automation projects of
production and computer integrated manufacturing for
various reasons, some of them are as it follows:
increase in productivity, reduction of labor costs,
improvement in product quality, and reduction of
production time.

Robots are powerful elements in the industry today,
they are able to perform various tasks and operations,
and they are accurate and do not require the security
features and comfort that human’s need. The topic
robotics covers many different areas, they are usually
integrated in a system as a whole, and it is designed to
perform a task or an operation.

Il.  Arduino Hardware

Until this moment, there are different version of
Arduino, all based on a microprocessor of 8 bits Atmel
AVR reduced instruction set computer (RISC). The
first board was based on an ATmega8 running at a 16
MHz clock speed at 8 KB of flash memory; later plates
such as Arduino NG plus and Diecimila (Italian for
10,000) used the ATmegal68 with flash memory of 16
KB. The newer Arduino’s versions, Duemilanove and
Uno, use the ATmega328 with flash memory of 32 KB
and can automatically compute between USB and
direct current (DC). For projects that require more 1 / O
and memory, there is the Arduino Megal280, with 128
KB of memory, or the latest Arduino Mega2560, with
256 KB of memory. The plates have 14 digital pins,
and each can be defined as input or output, and six
analog inputs. Additionally, six of the digital pins can
be programmed to provide a pulse-width modulation
output (PWM). Several communication protocols are
available, including serial, serial peripheral interface
(SPI) and 12C / TWI; included on each plate as a
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standard feature is a serial programming in-circuit
connector (ICSP) and a reset button. [1]

A. Arduino Mega (utilized in this project).

The Arduino family elder brother, Mega, uses a
larger mounting surface  microprocessor. The
ATmegal280, the Mega, has been updated the same
time as the Uno, and the microprocessor used is now
the ATmega2560. The new version has 256 KB of
flash memory, up from the original 128 KB. Mega
provides a significant increase in input-output
functionality over standard Arduino; therefore, with the
increase of memory, it is ideal for those larger designs
which control great amounts of LEDs, has a large
number of inputs and outputs, and requires more than
one serial port hardware — the Arduino Mega has four.
The plates have 54 digital input-output pins, 14 of
which can provide analog output PWM, and 16 analog
input pins. Communication is done with up to four
serial ports hardware. The SPI communication and
support for 12C / TWI devices are also available. The
board also includes an ICSP connector and a reset
button. An ATmega8U2 replaces the FTDI chipset
used by his predecessor and processes the USB serial
communication. Mega operates with the most available
doss shields, but it's a good idea to check if a shield
will be compatible with your Mega before you buy it.
Buy the Mega when you really need to use additional
pin input-output and need larger memory capacity. See
the following picture: [2]

Figure 1: Arduino Mega
Source:https://www.robotics.org.za/index.php?route=product/product

&product_id=80

1. Automation

In an industrial context, automation can be defined
as the technology that deals with the use of mechanical
systems, electronics and computer operation and
control of production. Several examples of automation
production systems can be seen in industrial production
lines, the mechanized assembly machines, fed back in
industrial production control systems in machine tools
equipped with numerical controls and robots for
industrial use. [4]

Some of the most common reasons to justify the
automation are as follows:

e Increase productivity;

Reduce work costs;

Minimize de effects of lack of workers;
Improve product quality;

Minimize production time;

Execute jobs that can’t be executed manually.

B. Automation x Mechanization

Automation is different from mechanization.
Mechanization simply consists of using machines to
perform a job, replacing the physical effort of man.
Automation makes it possible to work through
automatically controlled machines, able of self-
regulation. [4]

IV. Automation Advantages and

Disadvantages

Industrial automation is one way many companies
found to improve the process of producing their
products. One of the advantages of using industrial
automation is the fact that the machines, allied to
technological advances and the Internet, can do better
and faster a man's job. Another advantage of industrial
automation is the capital, a machine costs too high and
the owner of the company will bear the value of
maintenance of the appliance. However, if he hired
people to do the work of the machine, the owner would
have to pay for health insurance, leave, holidays and
various other benefits that the employee is entitled
under the law.

The major disadvantages of automation are the cost
if and when a machine break, the cost to fix it can be
extremely high. In addition, the number of
professionals who know how to work with the
industrial automation is very small in Brazil. The
training course for those who want to work with these
machines has not yet formed many professionals.
Another disadvantage of industrial automation is
increasing social inequality. Many people lose their
jobs and are replaced by these machines. This makes
these people, if they fail a new job, end up
marginalized. These are some of the advantages and
disadvantages of automation. [4]

V. Robotic

Robotics is the application and use of robots in
human activity. Robotic systems consist not only in the
use of robots, but also in other devices and systems
used in conjunction with robots. Robotics is the
application and use of robots in human activity.
Robotic systems consist not only in the use of robots,
but also in other devices and systems used in
conjunction with robots.
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V1. Robots Classifications
According to the Japanese Industrial Robot
Association (JIRA), the robots are classified as
follows:

Class 1 — Drive device Manual: device with multiple
degrees of freedom driven by an operator.

Class 2 — Fixed sequence robot, a device that performs
successive steps of a task according to a certain
method that cannot be changed.

Class 3 — Variable Sequence robot, a device that
performs successive steps of a task according to a
certain method that allows alterations.

Class 4 — Playback Robot: a human operator performs
the task manually, taking the robot, which records the
movements. The robot will repeat the same movements
according to the recorded information.

Class 5 — Numerical Control Robot: the operator gives
the robot a motion program without the need to
perform manually for recording.

Class 6 — Intelligent Robot: A robot capable of
interpreting their environment and successfully
complete a task, even under changes in environmental
conditions. [3]

VI1. Robot control systems
The activations of individual joints need to be
controlled in a coordinated manner to be held the cycle
of desired movements. Different types of control are
needed for different applications. They are classified
into four categories..

Cat. 1 — Limited sequence control: this is the most
basic control type, used for simple motion cycles, for
example, pick up an object in one place and put on
another. It sets limits or mechanical stops for each joint
to complete the cycle.

Cat. 2 — Control peer: More sophisticated
programmable controls compared to limited sequence
robots. The controller contains a memory for recording
the sequence of movements of a particular cycle, in
addition to position and velocity associated with each
movement. These positions are not limited and consist
of a set of values representing locations in range of
each handler. Thus each "point™ consists of five or six
values corresponding to the positions of each joint.

Cat. 3 — Continuous path control: Robots with
continuous path control have the same capacity for
executing the type "point to point", however, are
capable of greater storage capacity of the number of
locations that can be registered in memory. Thus, they
constitute the movement cycle can be spaced and allow
for a smoother movement. And capable of performing
interpolation calculations, i.e., the controller calculates
the route between the starting point and ending point of
each movement routines using linear interpolation and
circular.

Cat. 4 — Intelligent Control: displays a behavior which
does have intelligent features, for example, interacts
with the environment, makes decisions when they
detect an error during the work cycle, communicates
with people, performs calculations and reacts to
incoming sensory data with machine vision. [3]

VIIIl. Sensors in Robotics
The sensors used in robotics are classified in two
categories:

Cat. 1 — Internal Sensors: used to control the positions
and velocities of the joints. Sensors to control robot
arm's position are potentiometers and encoders and
tachometers are used to control the speed of the robot
arm.

Cat. 2 — External Sensors: used to coordinate the robot
operation with other equipment. These are devices such
as limit switches that determine whether a piece was
positioned properly on a template or if the piece is
ready to be picked up and transported. There are other
situations that require more advanced sensor
technologies, for instance, tactile sensors, proximity,
optical, machine vision, etc.

IX.  Robot’s Components
A robot as a system consists of the following
elements to develop:

Manipulator: This is the main body of the robot,
which consists in the connection of joints and other
structural elements of the robot.

Final Actuator: It is the part connecting the last joint
(hand) of the manipulator that, in general, manipulates
objects.

Actuators: They are the "muscles" of the handlers. The
controller sends the command to the actuators, which
move the joints and robot links. The types of actuators
are Servo motors, stepper motor, pneumatic actuators
and hydraulic actuators.

Sensors: The sensors are used to collect internal data
of the robot or communicate with the external
environment. The robot needs to know the location of
each link to understand your configuration and execute
it.

Controller: Receives data from the computer (brain
system), controls movement of the actuators and
coordinates movements with sensory feedback
information.

Processor: It is the brain of the robot. Its function is to
compute your desired speed and oversees the controller
coordinated actions and sensors. The processor is
typically a computer.

Software: It contains three groups of programs used in
a robot. Operating system that runs the processor;
robotic software that calculates movement of each joint
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and the last group is a set of routines oriented
applications and programs developed for use by the
robot or its peripherals for specific tasks such as
assembly, machine loading, material handling. [3]

X. Robot’s Characteristics
Robots are characterized according to its settings.

Payload: is the weight a robot can carry and still
remain its other specifications such as: the need to keep
their trajectory in its movements and have no excessive
gaps.

Reach: is the maximum distance that a robot can reach
within its working space.

Precision: Is defined as how close you can get to a
given point in range. This is a function of the actuators
and sensors that are needed to perform its load with
position and speed of movement.

Repetition: Is the precision with which the robot can
execute is movements in the same position and speed
repeating several times.

XI. Materiais and Methods
In order to meet the needs of the discipline, we
decided that the robot used will be a robot according to
Class 3, so a variable sequence robot and category 2,
namely, control point to point.

For the development of programming we are using
a method of allocation of commands by the control
board, where each component responsible for the
movement, record and arm drive sends a signal and it is
stored in the programming code.

We adopted this method because it is an intuitive
way of programming, meaning, to determine the
routines to be executed by the robot it is not necessary
the use of a computer, unless, a change in the
programming is needed.

For the robot’s programming we use the Arduino
Mega, mainly due to the great cost-benefit, because it
is an Arduino microprocessor with a good processing
fee and also for having a large number of analog
inputs, digital and PWN.

Figure 2 — Arduino Module, Control Board and Servo motors
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The arm will be able to make up to 09 different pre-
determined routines, and as the main routine
performing the movement of a block from a position A
to a position B, the drive will be done by an infrared
sensor that as it detects the block sends the command
to the arm for conducting the selected routine.

Below we can verify the concept and the draft of
the developing robot.

Drive Claw 32 Joint

|
!

Turning Claw

22 Joint 12 Joint

Figura 3 — Robot Layout/Concept

Robotic Arm - Features

Total Haste Length
Maximum Reachin ¥

Maximum Reach in X
Maximum Reach in £

Power

Table 1. Robotic Arm Features

cm

55
50
45
40
50
30
25
20
15
10

50 45 4035 3025 2015 10 05cm



REGET - REVISTA DE GESTAO & TECNOLOGIA. v.3, n.3, p.53-58, dez. 2015 57

50 45 4035 3025 2015 10 05cm

Figure 6. Robot Layout/Concept - SOLIDWORKS
Educational License (educational use only).

Below we can verify the list of materials that will
be used for the production and the estimated cost of the
items.

4 Infrared Sensor 1 6,00

5 Aclylic Board Reused 1 0,00

6 Spacers Pins Reused 9 0,00

7 Aluminum Reused 1 0,00

Board

8 Bolts and Nuts Ciser 15 0,00
TOTAL
R$ 215,85

List of Materials

Price
Item M 12 nt. RS

Servo motor

1 MG996R Tower Pro 7 122,85
2 Arduino Mega Arduino 1 67,00
3 Interface Board Own 1 20,00

Table 2. List of Materials

The other characteristics of the robot such as
payload, range, accuracy and repeatability are
determined empirically during the performance of the
robot tests.

XIl.  Conclusion

In the course of the stages of this project, it has
been possible to consolidate the knowledge about
robotics and automation and the importance of these
tools in the industry as well as its analysis of economic
technical feasibility, in other words, just when you
really do need investment and what productivity gains
and quality you will get. Such a comparison can be
performed by raising operating costs or the actual value
stream mapping of the production process, being a tool
which shows in a very clear and objective way if we
are carrying out unnecessary steps in the development
of the production process.
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