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ABSTRACT: This article aims to present a robot in an industry that is still developing, a robot made
through additive manufacturing, whose role is to influence children from thaurpversity
environment. The robot is an international symbol, presertdrfirst tech challenge competition,

a launching pad for the STEAM community and for all those who want to pursue a career in this
field.
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1. Introduction

Entertainment can be defined as an activity or performance that aims to amuse, entertain, or relax,
or anything that produces pleasure, satisfaction, or joy. Watching a movie orlseming to music,
reading a book or magazine, playing a game, attending a sporting or cultural event, and spending time with
friends or family are all forms of common entertainment that all people need due to the benefits they offer.
The impact of enteainment is another very important topic to discuss as entertainment can have a positive
impact on mental and physical health, reduce stress, anxiety and depression, increase creativity and
happiness, or improve social relationships and a sense of belonging
A robot is a programmable machine that can imitate human actions or operate autonomously in a

predefined environment. There are several important points to highlight in the definition of a robot:
1. Programmable machineRobots are not living entities with their own intelligence. They are machines
controlled by software programs that dictate their behaviour. These programs can be simple or complex,
depending on the capabilities of the robot.
2. Imitation of human actionsSome robots are humanoid, meaning they resemble humans in appearance
and movement. They can perform tasks similar to humans, such as walking, manipulating objects, or even
interacting with the surrounding environment.
3. Autonomous operation Not all robots are remote controlled by humans. Some robots can operate
autonomously, which means they can make their own decisions within the limits of their programming.
They use sensors to perceive their surroundings and take action based omrtragiorfoeceived.
4. Different purposesit can be used for a variety of purposes, including:

o Industrial work- it can perform repetitive and dangerous work in factories.

0 Space explorationit can be sent into space to explore planets and other celestial bodies.

0 Medical surgery it can assist surgeons in performing delicate operations.

0 Household activitiesit can be used for cleaning, mowing the lawn, or other household chores.

Entertainment Robots
Robots can be used for entertainment purposes, such as playing games or participating in shows.
Entertainment robots are a special category of robots whose main purpose is to entertain, amuse,
and captivate the audience. Unlike industrial or medical robots, which have specific functional purposes,
entertainment robots rely on creative interactioagtigating performances, and unique experiences to
create memorable moments.
Defining characteristics of entertainment robots:
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9 Artistic abilities: Entertainment robots can dance, sing, play music, paint, sculpt, or even write.
They can be programmed with a wide range of artistic skills to deliver stunning and interactive
performances.

1 Audience interactionEntertainment robots can interact with the audience in real time, creating a
personalized and engaging experience. They can recognize gestures, voices, and facial expressions,
adapting their behaviour to the reactions of the spectators.

1 Humour and comedySome entertainment robots can be programmed with a fine sense of humour
or even standip comedy skills. They can tell jokes, anecdotes, and funny stories to make the
audience laugh.

9 Captivating personality:Entertainment robots can have unique and memorable personalities,
designed to connect with the audience on an emotional level. They can be friendly, funny, serious,
or even eccentric, depending on the context of the performance.

1 Advanced technolog¥ntertainment robots use a wide range of advanced technologies, including
artificial intelligence, advanced robotics, sophisticated sensors, and 3D animation systems. This
combination of technologies allows them to perform fluid movements, realistit éapi@ssions,
and complex interactions with the audience.

Benefits and Importance

The use of entertainment robots in educational activities withirumpirersity settings offers a
multitude of significant benefits for students, teachers, and the education system as a whole. Here are some
compelling reasons why their implementation isoial:
1. Stimulates Interest and MotivatioBntertainment robots can serve as captivating tools that spark
students' curiosity in various fields, including science, technology, engineering, art, and mathematics
(STEAM). Their playful and interactive nature can motivate students to explore congplespts and
actively engage in the learning process.
2. Facilitates Personalized Learningntertainment robots can be tailored to the individual needs of
each student, providing a personalized and flexible learning environment. Students can progress at their
own pace, receiving individualized feedback and tailored support.

3. Promotes InclusionRobots can be employed to create a more inclusive learning environment,
offering equal opportunities for participation for all students, regardless of their abilities or disabilities.
4, Ensures an Engaging Learning ExperiengEetertainment robots can make learning more fun and

engaging, transforming lessons into interactive and memorable experiences. Students will enjoy the
learning process and be more likely to retain information.

5. Develops Social and Emotional Skillsteracting with robots can help students develop their social

and emotional skills, such as empathy, compassion, and responsibility. It can also teach them to manage
difficult emotions and resolve conflicts.

6. Nurtures Creativity and ImaginatiorRobots can be used as tools to explore new ideas, create
original projects, and develop innovative solutions. Students can unleash their imaginations and experiment
with different possibilities in a safe and fun environment.

7. Prepares Students for STEAM Careétudents exposed to STEAM concepts at an early age can
develop a passion for these fields and acquire the necessary skills to pursue successful careers in robotics
or technology in general. Integrating arts into the STEAM curriculum helps students dpproblems

with creativity and innovation, essential skills for the Zdesttury workforce.

2. PLOWIE the Robot

Plowiehas been a symbol of the FIRST Tech Challenge (FTC) competition since 2008 when it first
appeared in the opening animation for the new season, introducing the game theme and exemplifying the
tasks required to score points and penalties for behaviowrdhtadicts the core idea of the international
competition.

The FTC competition offers an immense opportunity to all young people around the world through
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the annual challenge of building a robot capable of fulfilling a set of objectives without breaking the
established rules. Everyone involved in the competition develops a wonderful list of skills in the STEAM
field.

3. Robot Design

The model is a public resource that can be easily found in the Onshape program. The 3D model is
presented in fig. 1 (a, b).

Fig. 1. The 3D model

4. PLOWIE the Robot: Technical Details

PLOWIE is a versatile robot capable of a variety of movements and actions, including walking,
rotating, moving its bucket, and even moving its eyes. These capabilities mak#-suited for the
challenges of the FIRST Tech Challenge competition.

Adaptations and Improvements

The PLOWIE robot design has undergone several adaptations and improvements to enhance its
functionality and performance. These maodificatiordude:
1. Battery Holder:A two-part battery holder has been implemented to facilitate easier manipulation
within the robot's main frame (Figure 2, a). This design allows for quick and convenient battery changes
during competitions.
2. Omni Wheel Alignment Axign alignment axis has been introduced to ensure precise alignment
of the front omni wheels (Figure 2, b). This alignment is crucial for smooth and stable movement of the
robot.
3. Synchronized Eye Movement Mechanigmsynchronized eye movement mechanism has been
developed to control the movement of both eyes simultaneously (Figure 3). This mechanism utilizes a guide
and a servo motor to achieve precise and coordinated eye movements.

b)

Fig. 2. Parts 3D design



Fig. 3.Synchronized Eye Movement Mechanism(3)

Printing Parameters

The PLOWIE robot can be printed using both PLA+ and PETG filaments. The recommended
printing parameters for each material are as follows:

PLA+ Printing Parameters:
NozzleTemperature: 210°C
Nozzle size: 0.4 mm

Bed Temperature: 60°C
Print Speed: 100 mm/s
Retraction Distance: 0.5 mm
Cooling Fan Speed: 100%
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PETG Printing Parameters:

Nozzle Temperature: 245°C
Nozzle size: 0.4 mm

Bed Temperature: 90°C
Print Speed: 100 mm/s
Retraction Distance: 0.5 mm
Cooling Fan Speed: 70%
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These parameters serve as a starting point for achievinggbajty prints. Adjustments may be
necessary depending on the specific printer and filament being used.

5. Programming PLOWIE the Robot: Control and Communication
The PLOWIE robot's movements and actions are controlled by a combination of hardware and

software components. The hardware consists of five Axon MAX servo motors, each responsible for a
specific function:

1 Wheels:Two servo motors control the rotation of the front and rear wheels, enabling the robot to
move forward, backward, and turn.

1 Bucket: Two servo motors control the tilting and emptying of the bucket, allowing the robot to
manipulate objects and perform various tasks.

1 Eyes:One servo motor controls the movement of the robot's eyes, adding a playful and expressive
element.



The software component responsible for controlling these servo motors is a Java program
developed using a specialized servo programmer. This program communicates with the Control Hub, the
robot's "brain," provided by REV Robotics. The Control Hub (figura)4eatures an embedded Android
system and a network card (figure 4, b) that creates its owhi Wetwork, enabling connection from
anotherdevice (1, 2).

a) b)
Fig. 4. The Control Hub

The program assigns specific ports to each servo motor:
1 Ports 0 and 5:Control the wheels

1 Ports 1 and 4:Control the bucket

9 Port 3: Controls the eyes

All servo motors are programmed to operate toatinuous rotation mode with a range of 360
degrees. The movement of the bucket is calculated based on the sum of values to ensure optimal power
distribution and prevent overloading the servo motors. The wheels are set to operate at 90% of the Axon
Max sevo motor's total power, while the eye movements are limited to 35%. All control parameters are

visible in Figure 5.

cuva jos
cuva sus

rotire ochi dreapta

Rotire ochi stanga

Roata stanga Roata dreapta
Fig. 5. Control Parameters
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6. The current state

Plowieis completely printed, assembled and programmed, he has already participated in numerous
activities in a prauniversity environment, where he caught the eyes of fascinated children.

7. Conclusion: Robots and the Future of Entertainment and Education

Theworld of entertainment is on the verge of transformation, and robots are poised to play a pivotal
role in this revolution. Entertainment robots, with their captivating abilities and interactive nature, are set
to redefine the way we experience entertairtim@aking it more engaging, immersive, and personalized.

In the realm of prauniversity education, robots offer a transformative approach to learning,
fostering interest in STEAM fields and preparing students for future careers in technology and innovation.
Educational activities involving entertainment robais spark curiosity, promote active participation, and
enhance the learning process, making it more enjoyable and effective.

PLOWIE the Robot, a weknown symbol in the FIRST Tech Challenge competitions, serves as
an exemplary model for encouraging new generations of children to explore the world of robotics and
STEM. With its versatility and engaging features, PLOWIE demaestthe potential of robots to inspire
and educate young minds.

As we look towards the future, further advancements in robotics technology will undoubtedly lead
to even more sophisticated and immersive entertainment experiences. Potential improvements for PLOWIE
the Robot include enhancing its mobility with better redeels for smoother movement, adding LED
lights for a more captivating appearance, and incorporating an LCD screen for its mouth to express emotions
and enhance communication.

The convergence of entertainment and education through robots holds immense promise for
shaping the future, igniting imaginations, and nurturing the next generation of innovators and problem
solvers.
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ABSTRACT: This project focuses on developing a robot equipped with an oscillating arm and a
specialised engffector for handling and delivering advertising leaflets. By designing a modular
system, we aimed to enhance the robot's flexibility and adapyaddioss various environments and

use cases. The development of the oscillating arm involved optimising the design for efficiency and
precision in manipulation tasks. Performance evaluation was conducted to validate the robot's
capability to deliver leaéits accurately, swiftly, and reliably, thus meeting the project's objectives. This
integrated approach resulted in a robust and versatile robotic system tailored to the specific needs of
advertising material distribution.

KEYWORDS: Additive Manufacturing, Mobile Robot, Modular System

1. Introduction

This project focuses on developing a practical robot for distributing advertising materials,
specifically designed for use in our academic environment. While not aiming for groundbreaking
innovation, our goal is to create a functional solution using a faodasign approach. The robot features
an oscillating arm and a specialised-efiector for leaflet handling. Through performance evaluations, we
aim to ensure its reliability and accuracy for leaflet delivery tasks.

2. Current Stage

The robot prototype, designed for efficient leaflet distribution within our academic environment, is
now complete. The next crucial step involves rigorous performance testing to evaluate its reliability and
accuracy in delivering leaflets throughout vasalesignated locations

Fig. 1. Final model of the robot
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3. Design

Modular Aluminum Construction (Tetrix): Tetrix aluminium channels, known for their modularity
and ease of assembly.

Quadrupedal Drive Train (4x Motors): four high torque (60:1 gear ratio) Torquenado motors,
providing powerful and efficient traction.

Omnidirectional Mobility: implementation of two omni wheels, enabling the robot to travel
laterally in addition to forward and backward movements.

Traction Wheels: two traction wheels providing grip and stability during manoeuvres.

Plexiglass

Omni Wheels
Traction

wheels

TETRIX Aluminum
Channel

TETRIX Electric
Motor

Fig. 2. Chassis overview

Oscillating Arm Design: an arm that rotates back and forth.

Bevel Gear Drive: bevel gears and a high torque motor for precise and powerful arm movement.

Modular Construction: implemented a modular design that in the future can bring attachments of
additional components

Rigid Intermediate Plate: a rigid intermediate plate where the motor is fixed, providing stability
and support for the entire mechanism.

Plastic Cover (Optional): the plastic cover serves a specific purpose (e.g., protecting the gears or
enhancing aesthetics)

Motion Range: approximative 90 degrees of movement

Bevel gear 35

Plastic

Bevel gear 20

Oscillating

arm \I

< Intermediate  GoBilda

Plate Motor \

Rod

: /—

Rod
Support

Fig. 3. Oscillating arm turret overview

ServeDriven Leaflet Gripper: This emphasigée functionality, mentions the servo as the driving
force, and highlights the efficiency of the design.

Dual Gear Covers for Protection: This mentions the gear covers and their purpose of protecting the
gears.



Herringbone Gear Transmission: Using herringbone gears for their high driving force, the
advantage of using herringbone gears they reduce the axial thrust on the shaft compared to helical gears.

QuadWheel Gripping Mechanism: The leafigtasping mechanism comprises four wheels: two
front wheels made of Thermoplastic Polyurethane (TPU) for rigidity, and two rear wheels made of corn
starch with silicone cast in a Polylactic Acid (PLA) mould foxifbglity.

Gear cover Servo Hub

Herringbone

Mechanism

Fig. 4. Gripping mechanism

The leaflet holder is specifically tailored a@commodate A5 leaflets securely, ensuring they are
effectively presented during distribution tasks
versatility, allowing the robot to handle different promotional materials as needed. Its designsiiaclude
base that can be quickly removed for maintenance or replacement, streamlining operational efficiency. The

incorporation of a back support not only enhances stability during transport but also reinforces the holder's
overall durability, contributing ttong-term reliability during usage.

Leaflet adapter

A5 leaflet for ¥ A4

holder

Back
support

Fig. 5. Leaflet holder and adapter

The chassis aesthetics include four side panels that cover the aluminium channels, designed to
attract attention and encourage people to take leaflets. The arm turret features three side panels displaying
the faculty logo, the modelling program used, dmelttam's symbol that built it. Additionally, there is a
back door for easy access to the electrical components, battery, and wiring.



<88

Chassis aesthetic enhancement Turret aesthetic enhancement

Fig. 6. Aesthetic improvements
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Fig.7 Overview of the robot in real life

10



4. Manufacturing properties of 3D printed parts

For parts that are used in a mechanical way, we printed them in PETG using its properties for
having a better material strength and higher elasticity. PETG offers excellent material strength, ensuring
durability and resistance to deformation, while itdheigelasticity allows the parts to flex without breaking,
absorbing mechanical stress effectively. Additionally, PETG's chemical resistance makes it suitable for
applications where exposure to solvents or other corrosive substances is expected.

0 PETG printing properties: Layer height: 0.2 mm; Nozzle size: 0.4 mm @ 245°C

Bed temperature: 90°C; Max print speed: 180 mm/s ; Max acceleration: 2500 mm/s

Most of the decorative parts used PLA/PLA+ for printing faster and being easy to print material.
PLA and PLA+ are known for their ease of printing, requiring lower printing temperatures and less
specialised equipment, simplifying the printing process addaing the likelihood of printing errors. Their
faster print speeds make them ideal for rapid prototyping or-krgle manufacturing, ensuring efficiency
in production.

~

0 PLA/PLA+ printing properties: Layer height: 0.2 mm; Nozzle size: 0.4 mm @ 210°C;

Bed temperature: 60°C; Max print speed: 200 mm/s; Max acceleration: 1500 mm/s

For other parts that needed strength but didr
PLA Tough is engineered to offer higher impact resistance and durability compared to standard PLA,
striking a balance between strength and flexibility. Thisiad ensures that the parts maintain toughness
without sacrificing too much on flexibility, ensuring reliable performance even under stress or impact.

~

0 PLA Tough printing properties: Layer height: 0.2 mm; Nozzle size: 0.4 mm @ 215°C;
Bed temperature: 60°C; Max print speed: 200 mm/s; Max acceleration: 1500 mm/s

For mechanical parts requiring flexibility and impact resistance, TPU can be a suitable choice due
to its elastomeric properties. Its abilityftex without breaking makes it ideal for components subjected to
repetitive stress or shock loads. Printing with TPU allows for the creation of parts that can absorb
mechanical energy, reducing the risk of damage or failure.

0 TPU 95A printing properties: Layer height: 0.2 mm; Nozzle size: 0.4 mm @ 235°C;
Bed temperature: 60°C; Max print speed: 100 mm/s; Max acceleration: 1000 mm/s

For the leaflet gripper wheels, we used 4 wheels printed in TPU95A, and 2 wheels had a cernstarch
combined silicone layer, forming a mould.

@ I 2 H, = | T

Fig. 8 Wheel mould
5. Design validation

Motor sizing calculations were carried out to guarantee the consistent and uninterrupted rotation of
the oscillating arm. These calculations involved assessing key factors such as the mass and centre of mass
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of both the end effector and the arm, in relation to the bevel gears. By multiplying these masses by the gear
ratio and applying a safety factor of 1.2, we determined the torque requirement for the motor. This thorough
analysis ensured that the selectedandad sufficient power to drive the oscillating arm smoothly and
reliably under various operational conditions, thereby optimising the performance and longevity of the
robotic system.

a 2Py G rF— z-zp& O 1)

Where mector IS @approximately 500 g (determined from Onshape mass calculata)isrh09 g
(determined from Onshape mass calculatgr)ijd 200 mm (determined from Onshape mass calculator), g
is 9.81 m/3and Jotwris 133.2 kg-cm (from Gobilda motor data sheet)

2-2p8 p o&QOHA (2)
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The motor is sufficient, al bei t oversized.
option to use a motor that would strictly meet the requirements for oscillating the arm, considering the
possible speed of the arm, ensuring it remains slow.

Finite Element Analysis (FEA) was conducted to validate the arm of the robot's ability to withstand

the weight of the end effector assembly. A force of 6.672 N is applied to the tip of the arm, while the other
end is treated as a fixed support due tottecament to the bevel gear.

Equivalent Stress (Von-Mises) Total Deformation

Fig. 9. Equivalent Stress and Total Stress

The analysis indicates a maximum stress of 2.72 MPa at the arm's base, well withpeszfenal
limits for this application. Furthermore, the maximum deformation of 0.439 mm at the arm'’s tip falls within
acceptable parameters given the material properties and operating conditions. Therefore, the conclusion
drawn is that the arm can withsid the applied loads effectively.

6. Functionality

The main movement capabilities of the robot encompass both translational and rotational motions,
providing versatility in its operational capabilities. The forward and backward translation motions are
facilitated by the chassis motors, enabling the robatavigate various environments. Additionally, the
rotational movements around the midpoint of the rear part of the robot enhance its manoeuvrability,
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allowing it to pivot and align for precise positioning during leaflet distribution tasks. This combined
movement system ensures efficient and effective performance, contributing to the robot's overall
functionality in advertising material distribution segios.

Fig. 10. Movement of the robot
The movement of the oscillating arm is achieved by operating the turret motor with the help of a
bevel gear set with a power ratio of 4:7.
The movement of the wheels on the -@fi@ctor occurs at the arm's limit points, enabling an intake
motion to grasp the leaflet, followed by an outtake motion to release the leaflet.

Intake Outtake
Fig. 11. Movement of the arm and eeffector

7. Conclusions

In conclusion, the developed robot for distributing advertising materials integrates various key
features and design elements to futlintended functions effectively. The use of additive manufacturing
techniques allowed for the creation of custom components such as the leaflet holder and arm mechanisms.
The modular design approach ensures flexibility and ease of maintenance, whilectiperation of
herringbone gears and finite element analysis ensures robustness and reliability in operation. The analysis
results confirm that the robot can withstand applied loads and perform its tasks within safe operational
limits. Overall, the comibation of mechanical design, material selection, and functional testing

demonstrates a successful integration of engineering principles to create a functional and efficient
advertising material distribution robot.
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8. Future plans

Looking ahead, there are exciting prospects for the advertising material distribution robot:
0 Enhanced Automation: Integrating advanced sensors and machine learning can enable autonomous

navigation and adaptive advertising strategies.

0 Multi-Purpose Functionality: Expanding capabilities beyond leaflet distribution to include
interactive customer engagement can increase the robot's utility.

0 Environmental Sustainability: Using sustainable materials and ee#figient designs can align
with ecofriendly initiatives.

0 Modular Upgrades: Designing with modular components allows for easy upgrades and
customization for different campaigns.

0 Collaborative Robotics: Exploring humaobot collaboration can combine automation with human
creativity.
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ABSTRACT: The following pages detail the process of designing, building and programming of a
hexapod robot. From a simple concept on paper, to a sketch in AutoCAD, to a functional 3D printed
prototype to prove the forementioned concept using Arduino.

KEYWORDS: hexapod, programming, CAD, Arduino
1. Introduction

From more advanced creations like Spot® by Boston Dynamics, Inc. to simpler robots posted on
the internet, interest in mulkkgged robots skyrocketed in the past years. This is why we also decided to
make our own polypod companion in the form of a hexamdubt. The following paper focuses on
designing and programming such robots.

The intent of the project is to build a robot using Arduino that can move smoothly on multiple
surfaces varying in texture, with the only limitation being the incline of the plane on which it moves. In the
future, a possible improvement could be the abitit navigate an obstacle course efficiently and
autonomously.

2. State of the art

At the moment the project is a work in progress, as we lacked certain necessary materials such as
servo motors (MG996R) [1] and other electronic components. However, despite these inconveniences, we
managed to bring proof for concept to the presentatighdrform of one of the legs of the hexapod. It
utilizes three servos to move and the way they work shall be described in the pages that follow.

3. Designing the hexapod
We shall start by explaining the progression and thought process behind our final design. To

finalize the design we used the following apps: AutoCAD, Onshape, SolidEdge, Fusion360 and Unity (for
a simulation).

Fig. 1. First iteration of the leg mechanism

15


mailto:diana.maria.do@gmail.com

In the first phase of the project, we did a minimalistic iteration of a leg as seen in the images above
(Fig. 1), it is a functional design, however, it is neither elegant nor resistant, that is why we moved on to
the next two variations, one for the augmneal version below (Fig. 2) (in order to better show the
mechanisms behind the robot we made a larger version of the leg) and one for the complete hexapod (Fig.
3&4) (which is built in a way that the MG996R servos can support its weight).

Fig. 2. Final model for the augmented leg

Fig. 3. Final model for the femur of the complete hexapod

%: o
Fig. 4. Final model for thaébia of the complete hexapod

Other concerns during the design of the robot appeared when we had to choose measurements for
the end of the leg, our supposed tibia. The length of it was chosen not to risk damaging the battery (which
rests under the robot) and to give the hexapod aateskhok in its rest position. To solve this issue a quick
3D sketch was created in AutoCAD (Fig. 5) and it helped solve any other dilemmas we had about the design
and the dimensions.

-l -EAA - S-+ R =

Fig. 5. Concept of complete hexapod in AutoCAD

4. Programming

As far as programming goes, we shall present the code behind the simulation in Unity [2] (Fig. 6&
7), which helped us understand the exact movement of the legs, when to synchronize them and when to
move them individually, giving its steps a more natu@iflnd better accuracy.
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Fig. 7. Uiysample code howing thought process behind movement

In the case of the augmented leg, the code shows movement based on angles that can be calculated
easily [3] (Fig.9). As for the math behind the movement, it is shown below (Fig. 10) and it represents the
base for reverse cinematics which contributes teth@othness of the movement done by the leg. There is
also a segment of code provided below to show the applied calculations [4] mentioned above (Fig. 11).

Targed

Fig. 9. Sample code for servo movement based on angles
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Fig. 10. Calculations for reverse cinematics

ServoAng( posy, posx,

L = sqrt( posx*posx + posy*posy);
(11*11 + 12*12 - L*1) / (2*11*12));
Serial.println(j3);
- 3y

((150..00/m_PT) 1¥11 + L*L - 12%12) / (2%11%12))) - ((186.00/M PI) * atan(abs(posy)/abs(posx)));
nt ial.println(j2);

Fig. 11. Reverse cinematics code written based on Fig. 10

5. Conclusions

Throughout the process of completing this project many issues were discovered that we would like
to fix for future versions of the robot. To start with, our intent is to fully build the hexapod once we acquire
all the materials necessary such all 18 semetors. Furthermore, we would like to complete the code and
eventually configure the robot in a way so it can be controlled with a console controller such a PS4 or
XBOX ONE/360.

Another improvement worth mentioning is fixing the rough and imprecise movement of the legs,
as it is both imprecise and inaesthetic. To fix this issue we should learn how to apply interpolation in our
code.

With future development in mind, we would like to add supports on top of the body such as a
camera support, with the intent of using the mechanism to navigate spaces that are difficult for humans to
reach.

6. Bibliography
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ABSTRACT: The project presents the development of a demonstrative model for an automated
greenhouse using the opsaurce platform Arduino. Currently, the greenhouse includes three
automation systemsan automatic irrigation system, a system for monitemvironmental

parameters such as temperature and humidity, and a crankshaft mechanism for opening the roof. The
goal of this initiative is to offer an accessible and efficient solution for both small farmers and home
gardeners. Through this project, wamato demonstrate how technology can be used to improve
agricultural efficiency and sustainability, providing an accessible solution for both small farmers and
home gardeners.

KEYWORDS: greenhouse, automation, Arduino
1. Introduction

In a rapidly developing world, access to quality food has become increasingly expensive. BIO
products, which should be a healthy and accessible solution, have often become just another profitable
business. To meet the growing emand for food and to ptbeenvironment, it is necessary to maximize
agricultural production without resorting to destructive methods such as deforestation. A viable solution is
optimizing traditional greenhouses to ensure ideal growing conditions for plants in an automated manne

Greenhouses are specially designed structures for growing plants in a controlled environment,
protected from extreme weather conditions and pests. They are constructed from transparent materials
(glass or transparent polymermplastic) that allow sunlighto penetrate while maintaining a constant
temperature inside. The operation of greenhouses is based on the natural greenhouse effect, where solar
radiation heats the soil and air inside, and the heat is retained, creating a favorable environment for plant
growth.

This project focuses on developing a demonstrative model of an automated greenhouse using
accessible technologies such as the Arduino platform. The greenhouse automation includes automatic
irrigation systems, environmental parameter monitoring, and autoveatilation, all aimed at creating an
optimal environment for plant growth. Through this project, we aim to demonstrate how technology can be
used to improve agricultural efficiency and sustainability, providing an accessible solution for both small
farmers and home gardeners.

2. Project Objectives

V Sustainability: Creating an automated system that optimizes the use of natural resources, reducing
water and energy waste, and minimizing environmental impact.

V Efficiency: Reducing maintenance costs and human effort required to manage the greenhouse by
implementing a fully automated system for irrigation, monitoring, and ventilation.

V Accessibility: Offering an economical and easyimplement solution for small farmers and home
gardeners using affordable components and-sperce software.
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3. Current Status

The development project of an automated greenhouse is currently in an early stage (in the third
stage of development). From a construction standpoint, it features the use of recycled wood and manual
construction. The structure allows for improvements imseof sealing.

Functionally, three automation systems have been implemeatedutomatic irrigation system,
an environmental parameter monitoring system (such as temperature and humidity), and a crankshaft
mechanism for roof opening. These systems help maintain aafdeoclimate for plant development.
Additionally, the automatic adjustment of temperature and humidity based on plant needs remains a viable
development option.

4. Project Implementation

Like any ambitious project, our greenhouse went through several development stages. We informed
ourselves about what a greenhouse is and how it works to provide people thinking about growing their own
aromatic plants an answer to the question, "Is it wiaktasting in an automated greenhouse?"

We began by designing the greenhouse itself. After its construction, we implemented the
automation systems.

a. Greenhouse Design and Costruction

We started by sketching the project (Fig. 1) using AutoCAD software at-ditaensional level.
After creating the model, we proceeded to build it (Fig. 2). The greenhouse structure is mainly made from
recycled wood- leftover materials from building a desThe walls were made from rigid transparent
polymer (plastic) film with a thickness of approximately 0.5 mm.

Fig. 1 Project Sketch

Q
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Fig. 2 Stage two: Development

b. Hardware

The project is developed on an ARDUINO UNO R3 DEVELOPMENT BOARD. Qurent
demonstrative model of the greenhouse comprises three systems:

1. Automatic Plant Watering System
a. Functionality

The irrigation system is the centerpiece of any crop. We implemented an automatic system
(Fig. 3) that starts the pump when the soil moisture drops below a certain percentage (using a soil

moisture sensor plus a comparison module).
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Fig. 3 Principle Schematic of the Irrigation System

b. Components used
V lIrrigation pump
80cm water hose & reservoir

Vv
V  Soil moisture probe + comparison module
V 5V relay module for irrigation control
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2. Environmental Parameter Monitoring System
a. Functionality
Monitoring environmental parameters (humidity, temperature, etc.) is one of the main
requirements when designing a greenhouse. Currently, we have integrated a sensor that measures
temperature and humidity, placed slightly above the greenl{iged). We connected an LCD display
and programmed it to display data transmitted by the sensor

Fig. 4 PrincipleSchematic of the Monitoring System

b. Components Used
V 1602 LCD SCREEN WITH 12C ICC MODULE
V Temperature and Humidity Sensor DHT22/AM2302B

3. Roof Opening System
a. Functionality
The roof opening system plays a crucial role in ventilation, given the chosen construction solution
-allowing air circulation between the interior and exterior. We opted for a hybrid solution (Fig. 5) that
includes the possibility of manually operating deevomotor with a potentiometer as well as automatically.
The automated actuation solution is based on using a rain sensor so that the roof flap closes when it rains.

‘
|34

Fig. 5 Crankshaft Mechanism for Roof Opening

b. Components used
V  Servomotor MG996 (90°)
V Direction device for servomotor
V  Aluminum strips, screws, and nuts
V Potentiometer and rain sensor module
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c. Software {[The programming part was implemented using the Arduino IDE applicatior)

sinclude <DHT.h>;
#include <LiquidCrystal_I2C.h»
sinclude <Nire.h»

LiquiaCrystal_I2C 1cd(@x27,10,2);: // zet the LCO address to @x27 for a 10 chars and 2 line diszplay

//Constants

sdefine DHTPIN 7 /7 what pin we're connected to

sdefine DHTTYPE DHT22  // DWT 22

DHT oht(OHTPIN, DHTTYPE); //// Initialize DHT zenszor for normal 10mhz Arduino
//variables

f/int chk;

int h; //Stores humidity value

int t; //Stores tesperature value

int motorPin = 3; // pin that turns on the motor

int blinkPin = 13; // pin that turns on the LED

int watertime = 2; // how long it will be watering (in seconds)
int waittime = 2; // how long to wait Detween watering (in minutes)

void setw()

pinMode(motorPin, OUTPUT); // szet Pin 3 to an output
pinMode(blinkPin, OUTPUT); // set pin 13 to an output
Serisl.degin(9008);
Serial.printin(’Tenperature and Humidity Sensor Test™):
ant.begin();
led.init(): //initislize the lcd
lcd.backlight(); //open the dacklight

void loocp()

N = dht.reacHumidity();

t = ont.readTesperature():

//Print temp and humidity values to zerial monitor
Serial.print( Hunigity: “);

Serial.print(h);

Serial.print(* %, Tesp: *):

Serial.print(t);

Serial.printin(” * Celsius"):

// set the cursor to (0,8):
/7 print from @ to 9:

lcd.zetCursor(8, 8):
lcd.printin(“Now Temperature “):

lcd.zetCursor(1, 1):
led.print(°T:");

led.print(t);
led.print(°C");

lcd.setCursor(0, 1):
lcd.printin(” o O

lcd.zetCursor(l8, 1);
led.print("H:");
led.print(h);
led.print(°y");

delay(10@9); //Delay 1 szec.

int moisturePin = analogRead(A®): //read analog value of moisture sensor
int moisture = ( 108 - ( (moisturePin / 1923.08) « 188 ) ); //convert analog value to percentage
Serial.printin(moisture);
if (moisture <« 48) { //change the moisture threshold level dased on your calidration values
ipitalurite(motorPin, HIGH): // turn on the motor
igitallirite(DlinkPin, HWIGH); // turn on the LED
celay(watertine « 1088); // multiply Dy 1080 to translate zeconds to milliseconds

else {
1gital¥rite(motorPin, LOW); // turn off the motor
digital¥rite(dlinkPin, LOW); // turn off the LED
delay(waittire « 08080); // multiply by 09808 to translate sinutes to millizeconds

}
|
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5. Problem Solving

Throughout the project, we encountered various situations that complicated development, serving
as valuable learningpportunities.

1. LCD Interface Issues

During the implementation of the environmental parameter monitoring system, we had difficulties
connecting the LCD display. Due to a mistake, the displayed data was reversed. We discovered
that the data was correctly retrieved and displayed, but the iafimmal messages (Temp and
Humidity) were swapped.

The issue was easily resolved but taught us to pay attention to details. Additionally, we burned out
about three LCDs during the process.

2. Synchronization Issues with Rain Sensor and Servomotor

This problem was due to the poor distribution of available ports in the early stages of the project.
Since all three systems share certain ports, we had to use a Breadboard. Eventually, we managed
to connect the rain sensor. It worked during tests buantte project's first presentation in a
faculty lab, likely due to a lowuality sensor.

6. Conclusions

Implementing automation solutions at the greenhouse level, even at a demonstrative level,
represents a significant step towards improving agricultural processes by bringing technology to the
forefront of food production. Although it was a complex and engling project, the results are promising
and relevant for the future of sustainable agriculture.

The implementation of three automation systermagtomatic irrigation, environmental parameter
monitoring, and roof openingdemonstrates that technology can optimize agricultural processes, reducing
resource consumption and creating a favorable envirohfoe plant growth. The accessibility and low
costs make this project a viable option for small farmers and home gardeners, thus contributing to the
democratization of technology in agriculture.

However, there is still room for improvements and innovations. Transitioning to more advanced
platforms such as ESP32 microcontrollers could bring additional functionalities and greater efficiency in
greenhouse management. Furthermore, adding additiomslorse and implementing an atrtificial
intelligence system could optimize the growing environment for plants and contribute to more sustainable
and efficient agricultural production.
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ABSTRACT: For The Minoan Robotspo@smpetition Global Olympiad 2024 that took place in
Stadium "2 Aorakia" Neas Alikarnassou, Crete, Greece, on Api222024 we had decided to partake

in the Football (Soccer) Section for which we were required to build smallkearobot nickhamed

fi H a dor abmpeting against other likewise robots in alliances. For that, we had designed a Raspberry
Pi Pico microcontroller caflike robot, controlled from laptop via Bluetooth, featuring 2 wheels spun

by 2 DC motors, a rotating ball on the back for balaacel a rectangulaishaped header with a gap

that allows the game ball to be centered in the header before being propelled by the header using a
oscillating spring forced by a mechanism with another DC motor.

KEYWORDS: ROBOTICS, BAIGAME, COMPETITION, OLYMPIAD, MECHATRONICS

1. Introduction
a. The General Description of the Football Game

The competition consists of a tournament of alliances made of 3 robotics teams. Each match of the
tournament takes place on a small 236.2 x 114.3 [cm] football field with a playing area of 197.34 x 98.42
[cm]. The football gates are with a length of 35 Jcenheight of 12 [cm] and a depth of 8 [cm] (Fig. 1)
with two alliances (one alliance being formed by 3 participating robotics teams) competing against each
other per match with the robots each team had built. The alliance scores a goal if one ralbail@fribe
shoots the ball in the football gate or if the ball touches a robot whose parts are inside the football gate.
Each match lasts 7 minutes with no Hatie and no pause. The alliance that scores the most goals in a
match advances in the next offethere is a tie, additional time is given for more goals to be scored. The
alliance that goes through all matches wins the whole competition.

Fig 1. The Football Field
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b. The Requirements of the Robots

The robots competing in The Minoan Robotsports Competition Global Olympiad 2024 needed to
meet some requirements posted by the Competition Committee on their official website [1]:

The Robot Football Player must be remotatrolled with a program made on a computer
T laptop.

The use of a remoteontrol is only allowed if it is programmed to connect to the Robot
Soccer Player.

Off-the-shelf remotecontrol apps that were not programmed by the team to operate the

Robot Soccer Player are prohibited.

Wi-Fi connection to the stadium network is not allowed for participating teams and visitors.
The maximum dimensions of the Robot Football Player must be 20cm Width x 20cm

Length.

To confirm the specifications listed above, the Robot Football Player will be weighed and
must comfortably fit in a control box.

The control box measures 20 x 20 [cm] plus two (2) [mm] tolerance.

The Robot Football Player should be placed in the control box without applying pressure.
The Robot Football Player must not wear or damage the pitch or pose a threat to
spectators in any way.

The Robot Football Player should have a shooting mechanism.

Each Robot Football Player is allowed a maximum of 4 motors and 1 single
microprocessor.

The Robot Football Player must have a start and stop button.

The maximum weight of the robot must be 700 grams.

For Football ball will be used LEGO Mindstorms halPart Number 41250 (diameter
52mm) red or blue color.

The Robot Football Players of an alliance should bring in a visible place of their
construction some "signature" that the alliance should have agreed on in advance, for
example a flag, label, color combination, etc., so that one is immediately recognized b
the referee in which alliance belongs.

A Robot Football Player should not hold the ball in any way.
The ball may not penetrate more than 2 [cm] in any part of the Robot Football Player

construction.

A Robot Football Player is not allowed to pick up the ball by placing it on his body in
any way.

A Robot Football Player is not allowed to pick up the ball by placing it under his body.

2.The Robot and ltsCurrent Status

Our r obot Hmigafiemttee gread Rofmanian football player Gheorghe Hegl, been
designed to meet the requirements mentioned above and it had participated in the competition, winning first
prize with other robots in Alliance 49. It is made from a 3D printed encasing which is suited to fit the whole
electric circuit with 3 DQMotors and the header for scooping the ball and launching it (Fig 2). The full
specifications for the hardware and the software of the robot shall be provided in the following paragraphs.
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Fig 2. Hagi the Robot Football Player.

3.1. Hardware Implementation Details

a. The Robotodés Casi

Hagbs 3D printed

ng

case is made from (insert

It was designed on Fusion 360 with a length of 112 [mm], a width of 145 [mm] and a

height of 62
give it a nice look. (Fig 3)
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b. The Robotés Circuit and Control System

The Circuit comprises of a Microcontroller, 3 DC motors with 25:1 gear reducers connected to
their afferent drivers and a battery.

The robotdés control system is based on a Gr ol
Raspberry Pi Pico clone), which features an ARM Cortex MO+ca microcontroller, with 264kB
RAM and 8MB flash memory choard [2]. This development board was chdsecause it provides
flexibility, supporting various programming languages, including Python and C++. Itsahaal
architecture allows future expansion by enabling processing commands and running various algorithms
simultaneously.

The system uses a Bluetooth module to communicate with a computer. Bluetooth was chosen
because of its universal compatibility with most laptops, smartphones and other devices. On the other
hand, because the protocol uses the widely popular 2.4 GHz 18MEftial, Scientific and Medical)
band, it is prone to interference in extremely busy areas, as other technologies suéh sisavéi the
same radio spectrum.

A motor controller is used to drive the main motothe ones that have one wheel attached to
eachi while an NMOSFET is used for the header motor. The system is powered frerelBL2thium-

Polymer battery, featuring a nominal voltage of 7,4 [V]. Ttvetml electronics are powered by a 5 [V]
supply generated by a stdpwn regulator.

c. The Robotdéds Header and Propul sion System

The header is designed in such a way as to center the ball for a more precise launch thanks to its
central gap (Fig. 4).
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Fig. 4. The header of the Robot viewed from the front.
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On the back it is connected to its rotating propulsion motor via a long ccougting which pulls
and releases the header as the motor rotates (Fig. 5). When the header is released, the compressed sprin
which is attached between the circular support on the back of the header and the main body pushes the
header back to its origihposition with a high force which knocks and pushes the ball with a high speed.
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Fig. 5. The Header with its curved coupling and supporing beams (back view).

3.2. Software Implementation Details

The robot ds firmware was written in the Py
MicroPython platform, which allows running Python on various microcontroller platforms, such as the
Raspberry Picdased development board used in this project.

The development board communicates with the Bluetooth module using the UART (Universal

Asynchronous Receiver Transmitter) (Fig 6.1.).

The robot is controlled by transmitting a series of characters through the serial connection (Fig 6.2).

cmd = emd.strip(™ \n\r\t")
if cmd == "s":
motor_1 bw.duty_ul6(spd)
motor r_bw.duty ul6(spd)

if CESIZ:CE) while True:

motor_1_fw.duty ul6(spd_steer) if uvart.any():

print("d"}) char = uart.readline()
if cmd == "w": if char == b'\n':

motor_1 fw.duty_ul6(spd)

motor_r_fw.duty_ul6(spd) print(command)
go_fu = True execute_cmd(command)

print("W") command = ""

if emd == "a": command += char.decode("utf-8")
motor_r_fw.duty_ul6(spd_steer)
print("a")

if cmd == "e":

o oy e P Fig. 6.1. Software implementation of communicatior

Fig. 6.2. Control algorithm.
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The received command is decoded and the corresponding motors are turned on and configured to
the required speed using PWM (Pulse Width Modulation).

The commands are sent from a PC connected via Bluetooth. Another Python program is running
on the control computer, registering keégwn andkey-up events and sending the corresponding commands
to the robot (Fig. 7).

def show(key):
if key == Key.delete:

return False
try:
if not key pressed[key.char]:
if key.char == "w":
port.write(b"w\n")
if key.char == "a":
port.write(b"a\n"
if key.char == "s":
port.write(b"s\n"
if key.char == "d":
port.write(b"d\n"
if key.char == "e":
port.write(b"e\n"
if key.char == "t":
port.write(b"t\n")

S

key pressed[key.char] = True
print("[info] Key {} was pressed”.format(key.char))
except:
pass

Fig. 7. Function detecting kejown events.

4. Improvement Possibilities

The current control system is based on pressing keys on the computer keyboard. A significant
improvement would consist in using an-tfe-shelf controller used in game consoles (such as an Xbox or
PlayStation controller), allowing precise control of matpeed and movement direction.

The header can be i mproved by having a | arge
ball. Maneuverability can be improved with various mechanical design changes, and higher speeds can be
obtained by changing the motor gearbox ratio to 10:1.

5. Conclusions

While the football player robd#lagi has been a fine success for our team at the competition with
its compact and simple design, it still has room for improvement so it can become better at what he was
made to do. We are looking forward to expanding and empowering its functionalities agppatenities
for participating in football competitions for robots appear.
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ABSTRACT: This research encompasses the virtual prototype of a robotic cell designed for palletizing
parallelepiped boxes containing milk cardboard boxes, integrating two articulated arm industrial robots with
six numerically controlled axes and equippathviwo polyfunctional effectors. This study is a continuation

of the bachelor thesis and it is focused on the sipagked simulation of the cell employing Siemens Process
Simulate environment.

KEYWORDS: palletizing, sensor, Process Simulate.
1. Introduction

This study is a continuation of the bachelor thesis, containing a robotic cell which model is based
on an internet video supporting the project theme. The work is focused on absigedlsimulation of the
functioning of the cell in the Siemens Procesaate environment.

The main goals of a sigrbhsed simulation are the reduction of the development time and the
increase of the precision and reliabilitythe working cycles of the robots are tested, the operating
parameters can be changed without needing to turn offrtitigtion in real time and possible collisions
between equipments are visualized and eliminated. It is a fundamental step towards Virtual Commissioning.

The source cell involves the palletizing and transport process of milk packages, arranged in
parallelepiped cardboard boxes that present two distinct dimensional variants. Two industrial robots and a
fully automatic pallet entry and exit system are alstuished (Fig. 1).

Fig.1 Overview of the palletizing cell

The boxes enter in the cell (Fig. 2) on the main entrance conveyor, equipped with sensors that
detect the type of the two boxes to be handled, and a selection and redistribution of them to the designated
industrial robot is carried out (Fig. 3). The obgeate picked up by the robot with the help of the effector
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and placed on a pallet generated by the automatic feeding system. The completed pallet starts on the exit
conveyor to the wrapper and then leaves the cell.

ig. 2 Main entry conveyor and sorting o

Fig. 3 Additional view of the cell [ 1

The cell contains the following components: ihformational units, 2 two industrial robots ABBRB
660-250/3.15, 3 mobile transport system of completed pallefswapper, 5 protective fence, 6system
entry conveyor of boxes before sorting,photoelectric sorting sensor; 8utomatic pallet feeding system,
91 effector, 10- support forrobot.

2. Development of the virtual prototype of the robotic cell in Siemens Process
Simulate environment

Siemens Process Simulate is a digital manufacturing solution employed to verify the manufacturing
processes in a threkmensional environment and virtually check the designed workflows throughout their
entire lifecycle.

The mechanisms of the subsystems were created in the Process Simulate environment in order to
support the simulation of the component movements for the palletizing cell, that were already chosen in
the bachelor thesis.
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Examples of such mechanisms are shown in Fig.4 and Fig.5. Rotational kinematics are illustrated by
black arrows and translational ones by blue.

i

N — HEHERET
0.00/ +[020:|B - I BB ‘? G

Fig. 4 Kinematics of the industrial robot [1]

~
< >

Fig. 5 Kinematics of pneumatic piston with retractable rod for box reorientation

The positions of the component systems in the cell assembly were also defined. In fig.6 is presented
an example of the effector and its defined positions: initial (base position), fetch carton dividers and fetch
boxes.

Fig.6 The position of the effector to piclp a cardboard box divider (suction cups lowered)

The last step to realize the simulation of the robotic cell illustrated in Fig. 7 is to prea¢sses,
that are of several types, depending on the type of movement and of the mobile element. "Object Flow"
operations are employed to move parallelepipedaltipoe objects on conveyors; objects palletized by
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industrial robots equipped with effectors require "Pick and Place" type operations, and "Device Operation”
is used for the mechanisms and to change their position.

Fig. 7 Overview of the robotic cell developed in the Process Simulate environment [1]

3. The flowchart detailing all the processes, events and signals specific to the
operation of the robotic application

In the analyzed application, the boxes are introduced into the cell by an slanting entrance conveyor,
and their presence is sensed by a photoelectric sensor. The inclined conveyor is followed by a roller
conveyor with interchangeable orientation, equippétl photoelectric sensors that detect the type of the
two boxes to be handled. They are then selected and redistributed to the designated industrial robot, through
a sequence of belt conveyors (accumulating, accelerating and changing the orientagdrogé#). The
boxes are counted by the signals transmitted by the photoelectric sensors positioned at the entrance on the
three conveyors, to the information unit. Once the desired number is reached the change of the orientation
of the boxes is performeditiv the help of a pneumatic piston with an adjustable curved rod.

The boxes advance on a roller conveyor, equipped with two photoelectric sensors (next to the
position of the first and last box to be picked up respectively, in order to comply with the imposed
palletizing scheme), and are picked up after the stoppingnaafiithe industrial robot with the bifunctional
effector, compatible with the spaces between the rolls. The boxes are placed on a pallet.

The pallets are generated by the automatic feeding system. A photoelectric actuator senses the
presence of the pallets and they are transported on a chain conveyor to the lift module, within the range of
the reflective photoelectric sensors. The liftingdule transfers the pallets to the roller conveyor on which
they are filled. The pallets stop in the palletizing area, the position being indicated by the diffusion
photoelectric sensors placed at the end. The robot places a cardboard divider from tizedesigrage
on the surface of the pallet.

The complete pallet advances on the roller conveyor on which the palletization was done up to the
light barrier and is taken over by a transport module, consisting of a chain conveyor and a roller conveyor,
equipped with photoelectric sensors with refl@atithat transmit information about the picking and
positioning points of the pallet on the roller conveyor.

The complete pallet goes, through the light barrier, on the exit roller conveyor. In front of this
conveyor there is a safety light barrier, to identify the presence of the human operator in the transfer space
to the wrapper and to stop the process dutiegeception of signals for operator presence. The full pallet
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is transported to the rotary table enwrapper, equipped with photoelectric sensors, and then leaves the cell
via another roller conveyor to the last light barrier which signals that the pallet is ready to be picked up by
the human operator.

This logical operation process is also presented in Fig.8, in the application's functional organization
chart (flowchart).

Fig. 8 Functional flowchart of the robotic cell

Different types of signals and sensors are used in the virtual robotic cell: signals from and to the
informational unit (digital inputs and outputs), photoelectric sensors with diffusion, photoelectric sensors
with reflection and light barrier type sensors

Photoelectric sensors detect changes in the light intensity. A photoelectric sensor consists of a light
source (emitter), a phototransistor (receiver), an amplifier and a signal converter. When the emitted light is
interrupted or reflected by the detectekject, the amount of light reaching the receiver varies. The
phototransistor analyzes the incoming light, checks that it comes from the emitter, and through the amplifier
and converter, the optical signal (light) is converted into an electrical signadeTédectrical signals
represent in the present robotic cell various digital inputs or outputs to the system information unit.

Light barrier sensors (Fig. 9) contain the transmitter and the receiver as two separate entities, and the
connection between them is done by light rays. When an object passes through the light rays, the connection
between the transmitter and the receiganterrupted, and the photoelectric sensor detects the respective
object. This type of detection is not dependent on the shape of the object, its color or the material it is made
of.

Fig.9 Light barrier present in the robotic cell
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Diffusion photoelectric sensors contain the light emitter and receiver in a single housing, and
mounting and the wiring is done in one side. The light beam is reflected in the receiver by the surface of
the object to be detected. The operation of diffusiemsors is influenced by the color of the object, so the
presence of a sensitivity adjustment potentiometer is necessary.

The third type of sensors present in the robotic cell are photoelectric sensors with reflection
(retroreflective). Like diffuse sensors, both the transmitter and receiver are in the same housing, but the
light beam from the transmitter reaches the recehveugh a reflective element.

The location of the sensors in the robotic cell is illustrated in Fig. 9 and Fig. 10. The presence of the
safety barriers is marked with red, the photoelectric sensors with diffusion with yellow, and the
photoelectric sensors with reflection with green.

Fig.10 Location of the sensors on one of the entry conveyor for boxes to the palletizing area
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Table 1 includes the categories of sensors required in the robotic cell, the signals provided and the

functional conditions imposed to the cefleration.

Table 1 Characteristics of sensors identified in the robotic cell

Number Sensor type Signal type Functional role Interconditionings
sl Photoelectric sensor,  Digital Box detection The conveyor ignoving
with diffusion while the boxes are detecte
s2 Photoelectric sensor  Digital Sorting boxes The boxes are routed on or
with diffusion of the 3 conveyors
s3, s4,s5 | Photoelectric sensor  Digital Counting boxes After a certain number, the
with diffusion orientation of the boxes will
change
s6, s7, s8 | Photoelectric sensor  Digital Box detection Depending on the box
with diffusion number, the reorientation rc
will be actuated
s9, s10, s11| Photoelectric sensor,  Digital Detection of boxes to be pick¢ After the optimal number of
s12, s13, sl- with diffusion up by the industrial robot boxes is reached, they are
picked up by the effector
s15 Photoelectric sensor  Digital Palletdetection in the pallet | A pallet is lowered if at leas
with diffusion dispenser one is present in the
dispenser
s16 Photoelectric sensor  Digital Pallet detection at the end o Pallet at the end of the
with diffusion the conveyor storage conveyor; pick up b
chain conveyor
sl17, s18, s1{ Photoelectric sensor{ Digital Pallet detection; command
with reflection generation to the lift module| The presence of the pallet ¢
the chain conveyor, above tl
lift module
520, s21, s2] Photoelectric sensor,  Digital Pallet detection The presence of the pallet i
with diffusion addition on the conveyor
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s23, s26, s2| Safety light barriers Digital Complete pallet presence | Pickup of the complete palle

detection by the transponnodule
s24 Photoelectric sensor{ Digital Pallet start detection (when| The presence of the comple
with reflection entering) pallet
s25 Photoelectric sensor{ Digital Pallet end detection (when | The presence of theomplete
with reflection entering) pallet
s28 Safety light barriers Digital Complete pallet presence | The complete pallet starts t
detection the wrapper
s29 Safety light barriers Digital Human operator presence Stop in case of human
detection operator interference
s30 Safety light barriers Digital Detection of the presence of| Start conveyor complete tc
human operator/pallet towarc exit the system; takeover b
the system exit human operator
s31 Photoelectric sensor  Digital Pallet detection in wrapping| The pallet advances to the
with diffusion area rotary table; beginning of
foiling
s32 Photoelectric sensor  Digital Sends wrap completion signg Complete pallet to the last
with diffusion conveyor, rotary table stop

4. Conclusion

The main original contributions of this research are:

- the new employment of Siemens Process Simulate environment for developing the mechanisms,
positions and operations for the process simulation of the robotic cell designed in Siemens NX environment;

- elaboration of the flowchart detailing all the processes, events and signals specific to each operation from
the robotic cell

- identification of the used signals and thieierconditionings with other components of tigual
prototype of the robotic cell.

Future work will focus on fully programming the robotic cell.
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1. Introduction

The purpose of the application is to reduce the painting time of a car body and to increase the
uniformity of the paint layers. The car is lifted by means of 4 jacks, each being fixed under a wheel. While
the car is raised, the transport system is positamder it and the operator fixes the jack mounted on the
trolley in special places on the car body. The trolley is handled by the human operator, being positioned in
the cell; later the operator evacuates the cell.

Fig. 1 Robotics cell

After the door is closed, the first robot starts the whistling between the 2 robots where there is a
gap, not to hit the middle areatbk car. The painting trajectories are linear in zigzag, plane parallel to the

ground.

The car is painted in 4 stages: frontal area (Hood+front bar); ceiling; rear area (luggage rack and
rear bar); the side area (doors together with the wings of the car).
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2. The simulation

The first step in the painting process is to prepare the car. This essential stage consists of a series
of activities designed to ensure a quality and sustainable end result. Specifically, machine preparation
involves the following operations:

-- Cleaning the machine from dust and oil: A thorough cleaning of the machine surface is carried
out to remove any traces of dust, dirt or grease. This can be done with the help of specialized cleaning
solutions and appropriate utensils such as clothsushbs.

-- Covering areas that we don't want to be painted: To protect certain areas of the car that don't need
to be painted, such as windows, headlights or other delicate elements, masking materials such as masking
foil or masking tape are used . These mateaadscarefully applied to ensure effective paint protection.

-- Removal of elements so that they are not at risk of being painted: Elements that do not need to
be painted or that could be affected by paint, such as exterior trim, grilles or emblems, are carefully
removed. This allows access to the surfaces thairegpainting and prevents possible damage or damage
during the painting process. The second stage is the transport on a special trolley to a painting cell.

In order to be able to start painting, the operator must close the cell doors and press a button, which
is outside the painting cell, which confirms the fulfillment of his duties. When the operator pressed the
button, the sensors under the car must déteatar to start painting.

The robots start painting the car. When the car is painted, the doors will be unlocked and the
centering and fixing equipment will be withdrawn.

The car will be evacuated from the painting room and will be left in the drying cell where the
protective elements of the car will be removed.
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Fig. 2 Flow Chart
After designing the cell and importing the standardized elementsSigtmens NX [1], all

components were successfully exported and integrated into the Siemens Process Simulate software [2], [3].
Later, kinematics was created for all elements of the cell [4].
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Fig. 3 Kinematics for the 4 cricks

To achieve the kinematics for the 4 jacks mounted on the trolley, the Crank command was used, as
the traditional method was not viable. This was necessary to set up the complex movements of the jacks in
a precise and efficient way. The Crank command alibthe appropriate definition and control of jack
movements according to the specific requirements of the application.

To achieve this kinematics, the program was used to insert the required elements, which included
8 rotational motions and one translational motion related to the associated hydraulic cylinder. These
elements were automatically integrated into the simulaistem, allowing precise configuration of jack
movements according to technical and functional requirements.
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Fig. 4 Kinematics for the Robot
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In Fig. 4 the ABB IRB 5510 Robot was added with an additional ground translation axis and the
robot's kinematics was tested by moving the robot from the TCP to the effector mounted on the robot.

A capacitive proximity sensor from SICK, model CM32BNAP-KW1 was used to detect the
trolley in the cell. The positions of these sensors can be found also in Fig. 4, in the front and rear ends of
the stroller. The sensor will be mounted on a system congist rectangular bars.
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Fig. 5 The position of the sensors in the Cell layout

Fig. 6 CM30-25NAP-KW1

The connection cables for the sensors and the pneumatic elements of the fixing equipment from
TUENKERS are connected directly to the CPX, which in turn communicates with the central PLC of the
application [5].

Fig.7 Pneumatic equipment
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Fig. 8 CPX

By creating device operation & signals within the system, the generation of the necessary signals
for the automatic movement and positioning of the devices in the cell can be realized. This command allows
to defineoperations and signals associated with the devices, which will allow to automate and control the
movements durinhg the production process of the selected device.
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Fig. 9 Signals generation

Sensors can be added from the tab Control > Sengbrsose the sensor it belongs to. This sensor
is used in 2 chambers: in the painting cell to detect the correct position and at the same time the presence
of the trolley in the cell and in the drying cell to detect the trolley and to activate the paauiogsi6]
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ARl 1

Signal Name Memory Tvoe Rabot Sianal Nar Address IEC Format | PLC Connec External Connect Resource | Comment

4 Canveyer Position ] REAL Mo Address || ® Conveyer.

#f DESCHIDERE POARTA 3 end [} BOOL Na Address || 0 ® usa 3

#f intrare_masina_end 0 BOOL No Address |1 ]

# DESCHIDERE JACKS1 end ] BOOL No Address |1 ] ® jack

* DESCHIDERE JACKS1 end 1 O BOOL No Address || O ® jack 1

# DESCHIDERE JACKS1 end 2 0 BOOL Na Address || 0 ® jack 2

# DESCHIDERE JACKS1 end 3 0 BOOL No Address || ] ® jack 1 1

# DESCHIDERE POARTA 2 end O BOOL No Address || O ® usa 1
~||™f sistem transport masina Op end ] BOOL Mo Address |1 ]

#f DESCHIDERE X-JACK MASINA end L BOOL No Address || 0 ® X

g Op sistem centrare d end ] BOOL No Address || ] ® sistem ce

™ Op sistem centrare p end ] BOOL No Address |1 ] @ sistem ce

"0 Op1 sistem fixare end & BOOL No Address |1 0 ® sistem fix

0 Op2 sistem fixare end ] BOOL No Address || ] ® sistem fix

#0 Inchidere use 3 end 0 BOOL No Address || 0 ® usa 3

#0 Inchidere usa 1 end L BOOL No Address |1 ] ® usa 1

#f Paint Robotic Op mirrared mirrored e ] BOOL No Address || ]

*f Paint Robatic Op end O BOOL No Address || O

A8 Cont Robotic Op_end 0 BOOL No Address || 0

#f Paint Robotic Op2 end ] BOOL No Address |1 0

# Paint Robatic Op end 1 1 O BOOL No Address || O

#f Paint Robatic Op mirrored end ] BOOL Mo Address |1 ]

#f Cont Robotic Op mirrored end ] BOOL Mo Address |1 ]

#f Paint Robotic Op mirrared mirrored ] BOOL No Address || ]

#f Paint Robotic Op2 mirrored end 0 BOOL No Address |1 ]

#f Paint Rabotic Op end 1 1 L BOOL No Address || L

#f Deschidere usa 3 end ] BOOL No Address || ] ® usa 2

#f Evacuare masina end 0 BOOL No Address |1 ]

0 Op inchidere sistem centrare p end ] BOOL No Address |1 ] @ sistem ce

g Op inchidere sistem centrare d end ] BOOL No Address || ] ® sistem ce

g Op deschidere sistem fixare end ] BOOL No Address || ] ® sistem fix

#f Op deschidere sistem fixare 2 end ] BOOL No Address || 0 ® sistem fix

#f Walk to WalkLoc2 end ] BOOL No Address |1 0

# Walk to WalkLoc4 end O BOOL No Address || O

# TSB Simulation 1 end 0 BOOL No Address |1 ]

#f Use Device carucior Jack end 0 BOOL No Address |1 ]

*f Pose end O BOOL No Address || O
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Fig.11 Signals

In the Module editor, many rules for signals have been added. The first signal is forced to be ON
when the simulation starts, because the automation and the simulation of the process cell are considered to
be generated when the operators have finisheddbées. The second signal becomes positive when the
signal from the positive sensor is active. The conveyor speed for the third example can also be set.

To initiate the activation of the two robots, this relies on the closed position of the door and the
clamping system to start the painting process. For this purpose, the first program available in the program
library of the robot's computer was employied gerform the painting, according to the predefined
parameters and instructions.

Module Editor - START O x

I 0O | | |

’ Result Signal Expression / Called Module

i Conveyer_Start | RE(START_SIMULARE)

i usa_1_to_inchis = SR(RE(TON(light_sensor,1)),usa_1_at_inchis)
Conveyer_speed 30000

usa_1_to_deshis  SR{RE(TON
(START_SIMULARE, 1)),usa_1_at_deshis)

Fig. 12 Module editor
In the Robots Editor Module, the first robot program to be number 1 was elected. Afterwards, a
program for each robot was created, named r1_door_closed2 and R2_door_closed, to be activated 10
seconds after the cell door was closed.

Module Editor - Robots O X

i D | | |
; Result Signal Expression / Called Module

‘ R1_programNumber 1

% r1_door_closed2 SR{RE(usa_1_at_inchis), TON
(usa_1_at_inchis, 10))

R2_door_closed SR{RE(usa_1_at_inchis), TON
(usa_1_at_inchis, 10))

R2_programNumber 1

Fig. 13 Module editor
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After the sensor in the paint cell detects the passage of the conveyor, both the centering and
clamping systems are initiated simultaneously. In this initiative, the centering systenfitist ttteecome
into operation, starting its activity 1 second after the sensor detects the conveyor. This system works to
ensure the precise positioning of the part or object on the conveyor by properly centering it.

After the centering system completes its movement and is in the correct centering position, the
clamping system is activated. This activation happens one second after the centering system has completed
its movement and settled into the correct positiore Glamping system is responsible for ensuring the
stability and security of the part or object on the conveyor, avoiding any unwanted movement or
displacement during transport or the subsequent painting process. Thus, the precise and coordinated
sequence foactions between the centering and clamping system ensures an efficient and reliable process

within the production line.
| Module Editor - Centrare

O |

Result Signal

T -

O x
I

Expression / Called Module

sistem_centrare_p_mtp_deschis| SR(RE(usa_1_at_inchis), TON
(usa_1_at_inchis, 1))

sistem_fixare_mtp_inchis TOF(RE{light_sensor),3)
TOF(RE{light_sensor),3)

sistem_centrare_p_mtp_deschis| TOF(RE
(sistem_fixare_2_at_inchis), 1)

sistem_fixare_2_mtp_inchis

sistem_centrare_d_mtp_deschis| TOF(RE
(sistem_fixare_2_at_inchis), 1)

Fig. 14 Module editor

4. Comparrison of the painting robots

In Table 1 a comparative analysis was done with the help of a table in which the parameters of
painting robots are highlighted and compared from the largest manufacturers of Industrial Robots on the
market. First, an important factor in choosing the roted the accessibility of a JT format to do an offline
simulation of the cell operation in the Process Simulate environment. On this criterion, the only
manufacturer that provided this service was ABB. In this sense, the Robots from ABB were chosen, namely
model IRB 5510 and IRB 5400.

Table 1. Robots

Robot P-50iA EPX2750 IRB 5400 IRB 5510
NR. OF AXES 6 6 6 6
Axal +137.5%;160%s +150°; 124/ +300° 137%/s +105°; 100%/s
Axa 2 +135°/-657; 160°/s -40°/-+90%; 127°/s +160°; 13795 +125°/-65%; 100°/s
Axal *147%; 160°/s +10° /-+907; 112°/s +160°; 137°/s +65°/-70%; 100°/s
Axa 4 +540s; 460°/s +260°; 360°/s Fara limitd: 465%s | 465%/s ; +/-720°
Axa s +540s; 480°/s +270°; 360°/s Fara limita; 350%s | 350°/s; +/-720°
Axa 6 =+540s; 600°/s +260°; 360°/s Fara limita; 535%s | 535%/s; +/-460°
Repeatability 0.2 mm 0.5 mm 0.15 mm 0.15 mm
MoUNTING Podea Podea Podea Podea, Perete,

Invers

The maximumload | 7.5 kg 10 kg 10 kg 13 kg
added to the wrist
Protection IP66 P66 P67 IP66
Footprint 451x451 mm 750x580 mm 750x580 mm 581x717.5 mm
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From the point of view of the bearing load, the ABB IRB 5510 robot was chosen, over the IRB
5400 model, because it is a newer generation and has a higher maximum wrist load of 13 kg, compared to
only 10 kg of the older model.

From the point of view of the mounting possibility, the robot model from ABB IRB 5510 is the
most reliable, because it can be mounted in 3 ways: floor, wall and vice versa. The other robots can only
be mounted on the floor and cannot be mounted diffgrentl

Following the analysis of the above functional characteristics, it was decided to choose the ABB
IRB 5510 robot to be integrated into the robotic painting cell.

5. Conclusions

The Cell layout is automated to eliminate the repetitive work of operators, to increase productivity
and product quality. The originality of the work is represented by the design of the cell in the NX 12
environment and the novel simulation of the proded2rocess Simulate. Regarding the simulation of the
process, a new achievement was the use of the OLP commands and the operator module, with an operator
being introduced to transport the car. By developing the simulation afisheofbrogramming in the
proposed virtual cell it is was possible to demonstrate the usefulness and importance of such a process of
verification and preparation in a virtual environment at an industrial scale, intended to bring benefits such
as:

A The possibility of realizing the spati al | a
optimal and efficient way from the point of view of the painting process;
A The possibility of checking the compliance

human operator;

A The possibili

A The possibili
directly to the physical robots in the hall;

A The possibility of predicting collision or
machines and/or robots and solving them before they cause material damage in the real environment;

All these benefits of using simulation and-btiffe programming of a robotic application in the
industrial environment help manufacturing companies to save material resources and time in the process of
developing new products aimed at making people's kasger. Through the robotization of the painting
cell, the operator no longer has to stay in a toxic environment and the painting is done faster.

In conclusion, the objective of designing, modeling, simulating and validating a robotic cell
integrating two articulated arm type robots, with the role of painting the car body in an automated service
mode was demonstrated.

of checking the feasibildi

ty ty
ty of creating trajectories ar

6. References

[1]. Dobrescu T.i Bazele Cinematicii Robotilor Industriali, Ed. Bren, ISBN3-942702-2,
Bucurecxkti, 1998

[2]. Nicolescu A., Coman G.Robotica 2, note de curs si aplicatii, UPB, 2017

[3]. Nicolescu A., Coman G.Robotica 3, note de curs si aplicatii, UPB, 2018

[4]. Nicolescu, A., Cristoiu Ci NX CAD Basici Proiectare asistat de calculator, Editura
Politehnica Press, ISBN 9406515914-3, 2020, Bucuresti

[5]. Nicolescu A., Conceptia si Exploatarea Robotilor Industriali, Editura Politehnica Press, 473
pag., ISBN 978606-515916-7, 2020, Bucuresti

[6]. Silvestru C.i Bazele Programarii Ofine a Robotilor Industriali, note de curs si suport
aplicatii, UPB 2020

46



Student Scientific Communication Session 2024

OFF-LINE PROGRAMMING AND SIMULATION OF A ROBOT CELL
FOR PLASTIC BOTTLE PALLETIZATION USING "PROCESS
SIMULATE" SOFTWARE. PROGRAMMING BASED ON SIGNALS

GIURCAN Andreea-L or ed an a, Cristina PUPI ZI

Faculty: Industrial Engineering and Robotics, Speciality: Robotics, Year: 2,
e-mail: andreeagiurcan@outlook.com

ABSTRACT:The paper consists in the continuation of the diploma work by carrying out thimeoff
programming and simulation of a robotic cell for palletizing bottle sets plektic bottles and cardboard
separators, integrating an industrial robot, MOTOMAN GP180 type of articulated arm with 6 numerically
controlled axes, which is equipped with an effector with pneumatically actuated jaws and a vacuum subsystem.
The simulatioris performed based on the signals in Process Simulate software

1. Introduction

The paper consists in the continuation of the diploma work, by carrying out tHmeoff
programming and simulation, based on the signals in the Process Simulatenwindament, of a
robotic cell for palletizing bottle sets with plastic bottles and cardboard separators. The cell was made
as part of the thesis based on a foundation film, and later improved to eliminate the need for human
operators, thus making the csilfe and automated.
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b

Fig.1.2. The main action in the chosen robot cell. [1]
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Fig.1.3. The end part diie cell is observed. [1]

. Pneumatically operated piston for centering the pallet;

Roller conveyor that brings empty pallets to the robot;

Support of cardboard separators;

Modular belt conveyor that transports the bottle sets with 2 liter plastic beer bottles;
The protective fence surrounding the cell;

Vertical wrapping machine with rotating base;

Barriertype sensor for exiting the cell of the full stack;

Roller conveyor for the evacuation of the complete stack.

Types of sensors used in théesigned cell

Fig.2.1. Top view with positioning of all sensors. [1]

Table 1. Specific details of each sensor used in the dél

Specifications| Sensor type Function
S1, 82 Barrier type sensors (these are used in pairs It detects the supply ahe cell .Wlth cardboard
separators and the evacuation of full stacks
530 513 Photoelectric sensors Detects objects carried in the cell.
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3. Signakbased simulation performed in the Process Simulate work environment

The simulation continues with the robot picking up a separator, when the pallet has been stopped
and fixed in the appropriate position. [1]
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Fig.3.1. The robot takes the first separator [1]

Further, the two bottle sets are detected nearatat, and it picks them up, then places them on
the pallet. [1]
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Fig.3.2. The separator is placed on the pallet, and the robot takes the bottle sets from the belt conveyor [1]
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After the first sets of bottles are deposited, two new sets of bottles are waiting at the end of the belt
conveyor. This is checked with the help of the two conveniently positioned sensors. [1]
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The first sets of bottles is deposited and the robot waits for the next one set [1]

After the second round of bottle sétss been deposited, the appearances at the deposit point are
replaced by an appearance consisting of a pallet, a separator and the first row of bottle sets, and the robot
then takes over the second separator. [1]
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‘ Fig.3.4. Displaying the first row of sets of bottles on the pallet and picking up the second separator [1]

After the second separator has been deposited, the appearances are again replaced with an
appearance of an incomplete stack, and the robot is about to pick up the last round of b¢ife sets.
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Fig.3.5. Displaying an incomplete stack [1]

After the robot deposits 2 more sets of bottles, the appearances are replaced with another
appearance of a full stack, and now it waits for the plunger to retract for the pallet to continue its path.

[1]

Fig.3.6. Replacing appearances with the full stack [1]

The stack then continues its path until it is stopped at the wrapping system. [1]
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