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Executive summary

This report describes the development process of improving an already existing badminton shut-
tlecock launcher robot, named BADDY. Necessary background research, an interview with the
founder of the BADDY project, and a literature study have been performed. Different improve-
ments were considered and discussed with regards to three focus areas; security, performance, and
ease of use. One of the suggested improvements were chosen to implement, which was making a
remote controller for controlling BADDY. This was done to replace the use of big smartphones
when playing badminton. To make the remote controller, three different design processes were

performed. These were case designing, hardware development, and software development.

The remote controller was made using 3D-printing, Bluetooth Low Energy (BLE) technology, and
Arduino coding. The final result still has a lot of potential for further improvement, and this report

ends with a section describing possibilities for further work.

The BADDY robot helps to improve the quality of the game, especially for young players who are
in their learning phase. The remote controller will add a new layer of ease of use to BADDY, and
the making of a controller will also add new aspects of robot building to the BADDY project.
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1 Introduction

BADDY is the name of an ongoing, open-source robotics project. The project includes both the
hardware and software required to build a badminton shuttlecock launcher, named BADDY. There
exists a worldwide BADDY community, where people share personal experiences and problems they
have encountered with their BADDYs. The community encourage others to mount, improve, and
develop their own robot. The documentation is open and the source code is free to use and modify.
This report consists of a research and development study. Some possible ways to improve BADDY

were examined, and one of the suggested improvements was selected and developed.

1.1 Problem description

This report addresses a problem consisting of two parts in regards to the use of a BADDY robot.
The first problem was based on finding weaknesses of the robot and possible ways to improve
these weaknesses. The second problem addressed one of the suggested improvements and how to
implement it to BADDY. It was discussed in depth how this solution could improve BADDY, as
well as how the development and implementation process went.

The second problem was based on the use of BADDY and the way it was controlled. BADDY
is, as of today, controlled by an application on a smartphone. A smartphone is big and may
compromise the quality of the training session as the player have to hold on to the phone while
playing. This report will look into a possible addition to BADDY that will eliminate the need
for a smartphone while satisfying the original requirements and goals for the BADDY project;

open-source, affordable, and sustainable.

a BADDY

| open badminton robot

> Aa

Figure 1: The BADDY logo [§]

1.2 Objectives

In consultation with the supervisor, this report has been limited to study the BADDY project
within the focus areas of the specialization course, TPK4560 Robotics and Automation, at the
Norwegian University of Science and Technology. This is a 15 credits course that lasted 16 weeks
during the fall of 2020. During this time period, the worldwide pandemic, COVID-19, influenced
the whole society. The pandemic resulted in several restrictions, of which the use of labs was




limited. Both the equipment and workspace needed was affected and less available for use. In
addition to this, the delivery time of ordered equipment was also increased. These were all factors

that affected the work and progress of this report.

The main objective of this project consists of looking at the already existing BADDY shuttlecock
launcher robot and finding possible improvements that can increase the performance of the robot.
In order to do so, the candidates had to acquire sufficient knowledge and background theory,
in addition to familiarize themselves with previous work that has been done on BADDY. Some
possible improvements were considered before they were evaluated based on several factors. One of
the suggested improvements was chosen to proceed with and this subsystem has been implemented

to the extent time allowed.

When going through the background material, the candidates have become familiar with aspects
of badminton, problems that arise during the learning phase, and equipment needed to play. The
construction and operation of BADDY have been carefully examined, as well as the history and
motivation behind the project have been examined more deeply. Knowledge regarding the use of
Bluetooth Low Energy (BLE), have been acquired and the benefits such technology can provide,
compared to other wireless technology such as i.e., WiFi or earlier Bluetooth versions. Additionally,
knowledge about 3D-printing, 3D-drawing, and design processes have been obtained.

During the research of BADDY, and considering potential improvements that could be imple-
mented, three areas have been emphasized. These were security, performance, and ease of use.
The suggested improvements have been compared, and one of the improvements has been chosen
to be partly implemented within the restrictions and limitation of available material, tools, and
time. A real BADDY robot was purchased, but not delivered in time for implementing the im-
provement to BADDY. Ordering BADDY through university institutions was time-consuming and
additionally, the shipment was stuck at the Norwegian customs office. The absence of BADDY

affected and limited the development of this project and the final solution.

The goal of this project was to come up with a new addition to the robot while maintaining the

three main goals of the original BADDY project.

e Open-source
e Affordable

e Sustainable

This means that with the suggested improvement explained in this report, you can still make and
build BADDY at home at low cost without the need for advanced and expensive equipment. For
the rest of the BADDY community to benefit from the final solution given in this report, it has to
be added to the open-source project and be easy to sustain.

The suggested improvement that was chosen to proceed with, was to build a remote controller that
could replace the need for a smartphone when communicating with BADDY. The original goal of
this project was therefore to create a remote controller and make it communicate with BADDY.
When pressing a button on the controller, a shuttlecock should be launched by BADDY. Without
any BADDY robot at disposal, this goal had to be redefined and simplified. An achievable goal
was made, so it would be possible to conduct adequate testing and evaluation of the final result
without the need for a BADDY robot.




Figure 2: A remote controller communicating with BADDY

The original goal was therefore modified to building a controller, and make it communicate with an
Arduino Uno board. To represent the launching of a shuttlecock from BADDY, a LED lamp was
used instead. The LED lamp was wired to the Arduino board and programmed to light up when
the button was pressed. The implementation of a LED lamp was made due to the lack of a real
BADDY, but the solution developed to communicate with the LED light could be implemented
into BADDY’s Arduino code to launch a shuttlecock. To accomplish this new, main goal, it had

to be divided into multiple, smaller sub-goals.

1. Making a component communicate not-wirelessly with a computer.
2. Make the component communicate with a smartphone using Bluetooth.
3. Make the component communicate with another Bluetooth component.

4. Connect two Bluetooth components to their respective, separate Arduino boards and make
them communicate with each other through Bluetooth signals.

In this project, only a prototype of a remote controller has been developed. The final product
and prototype did differ from the drawings provided in this report. This was done to simplify the

model and make it doable within the given time of the project.

1.3 Motivation

In badminton, you want to practice your stroke. The easiest way to do this is to get a shuttlecock
thrown perfectly at you a lot of times. A big problem in badminton versus other sports, like
tennis, is the ball. In tennis, the ball is spherical with the center of mass in the middle of an even,
relatively heavy ball. In badminton, a shuttlecock is used. A shuttlecock is made out of a base of
cork with feathers, forming an open, conical shape. This kind of ball is light, with a total weight of
5 grams [64], and hard to throw because it needs a high output speed of approximately 100 km/h.
A human will never be able to reach that speed by throwing the shuttlecock, and it will therefore
be an advantage to have a robot that can do just that.




Figure 3: Shuttlecocks behave in a different way than regular balls [24]

Another problem appearing in badminton is that two beginners are not fit to practice with each
other. They would lack the basic skills needed in order to hit the shuttlecock so the other one
could receive it. This usually leads to either the need for one trainer for each player, or inactivity
among the other players. To solve both of these problems, monotonous repetition of a specific

stroke and teaching new players, a badminton shuttlecock launcher machine could be used.

Many different shuttlecock launcher machines exist on the market today, but most of these are
big and expensive. In order to make the badminton machines more accessible for regular people
and badminton clubs, an individual company called SPORTVATION, have developed a low-cost,
shuttlecock launcher robot, called BADDY, and are selling DIY kits so you can make your own
robot [8].

BADDY is continuously being improved and changed, and there are many different implementa-
tions and additions that could improve BADDY. This report has looked at different aspects of
BADDY, found potential for improvements, and developed a solution for one of the suggested

improvements by creating a remote control.

1.4 Report structure

It is assumed that the reader knows the basic concepts of mechatronics and the use of Arduino
boards. Apart from this, the necessary background information is presented in section 2. Informa-
tion about badminton in general, BADDY and technological aspects used later in the report, have
been included. Section 3 presents a review of the methods used. In sections 4 and 5, the main work
is presented, where possible improvements are described and discussed in section 4, followed by a
discussion regarding the different suggested improvements. Section 5 is a detailed description of
the process of developing a remote controller. All the choices made in the development phase are
discussed continuously throughout this section. At the end of the report, in section 6, an overall

discussion and conclusion are presented, with suggestions for future work.




2 Background material

2.1 Badminton

Badminton is a racket sport played by people all over the world. The sport is played by either two
or four players on a court which is divided by a net. It is “the fastest racquet sport in the world”
[23] and uses a cone-shaped shuttlecock, made out of feathers attached to a cork-tip as a ball.
The combination of short, high-intensity rallies and longer rallies with moderate intensity, make
badminton a challenging sport. It requires good technique, good reactivity, flexibility, strength,

and endurance. A match is played as best of three sets, where each set is played to 21 points. To

win a match, a player or team has to win 2 sets of 21 points each [46].

Figure 4: The men’s double final of the 2012 Olympics in London between China and Denmark
[61]

A well-known problem for beginners is the lack of technique and the ability to keep a shuttlecock
in play for a longer period of time. In order to develop the correct, and necessary technical skills
to later be able to hit hard, either with long clear shots or smashes, a player must practice hitting
shuttles that approach the player at a height of at least 0.5 meters above his own height. A
beginner will find it difficult to send a shuttle in a controlled way to its teammate so that they
can practice different strokes precisely because of the lack of technique. This will not be beneficial
for either of the players since neither of them will improve their game. This is often solved by the
coach hitting the shuttlecocks towards one player at a time, often named ”feeding”. This leads to

inactivity among the other players.




Figure 5: Children waiting in line while the teacher is feeding them shuttlecocks [44]

“In teaching badminton one of the lesson objectives would be to keep a shuttle in play at the
beginning level, but this is not an easy task for beginners. Because of unpredictable shuttlecock
placements, beginners may have difficulty keeping the shuttle in play” [37]. A badminton shut-
tlecock training machine that launches shuttlecocks with high precision and accuracy would be
suitable for this problem. By browsing today’s market, it is possible to find a wide range of dif-
ferent shuttlecock launcher machines, but many of these are expensive and difficult to handle in
terms of weight and size. It is possible to purchase robots in different price ranges and with dif-
ferent specifications, but the cheapest ones, comes at a price of around 1000 US dollars. Figure 6
illustrates a Siobasi badminton shuttlecock robot, one of the cheaper and more lightweight robots
one can purchase today, and comes at a price of 1620 US dollars. The robot has a total weight of
28 kg, where the tripod in itself is 145 cm tall [2]. This is a high performance robot, but due to the
dimensions of the robot, it is difficult to transport and set up. A more affordable and sustainable
alternative exists in BADDY, which was developed to make such a robot more accessible to the

public.
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Figure 6: A Siobasi badminton shuttlecock robot [2]




2.2 BADDY

BADDY is an open-source badminton shuttlecock launcher. It was created by a team in France,
with the purpose of creating a training partner for everyone to use. The developers had three main
goals for the project. First, it should be accessible to all. The software and code behind BADDY
is open-source, which means that it is publicly accessible, and can be both modified and used
by anyone. Secondly, it should be affordable. As discussed in 2.1, there are several shuttlecock
launcher robots on the market today, but these are all expensive with a cost anywhere from 1000
US dollars and up. BADDY was created as an alternative to these expensive robots, therefore the
cost had to be significantly decreased. Finally, the robot was meant to be sustainable. If any parts
were damaged, it should be possible to fix them at home. Either by purchasing new parts or by
3D-printing or laser cutting them. By being able to fix the robot, it is easy to maintain it. The
user only has to change the broken part locally instead of having to submit the entire robot for
service. This makes BADDY more sustainable both for the user and the environment. The user
won’t have to spend money and time submitting it, and the environment is spared the potentially
unnecessary pollution that comes with the shipment. The total cost of BADDY is less than 500
USD and it requires annual maintenance that comes at the price of 50 USD. The maintenance can
be performed by the owner. BADDY is also quite small with the dimensions of 25 x 20 x 20 ¢cm
without the feeder [13], which makes it portable and easy to bring along.
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Figure 7: BADDY, the open-source badminton robot and the founder, Benoit Greslebin [8]

In addition to BADDY being open-source, there is also a BADDY community. People from all
over the world come together via Facebook or Discord to exchange tips and tricks regarding the

use of BADDY, mounting, and general questions.

It is possible to purchase two different DIY kits. One, where all parts are provided and the buyer
only has to mount the robot, and one where some parts are not included and have to be 3D-printed
or laser cut by the buyer. The later kit is cheaper than the full DIY kit, and comes at a cost of
265 USD [12]. The design files and software are available on BADDY LAB’s Github page [11], and
the BADDY team has created and made several ”follow along” videos available on their YouTube
channel [14].

Along with the robot, there exists a mobile application called BADDY that is available on both
iOS and Android. The app allows the user to create playing sequences where the fire rate, type
of shot, placement on the court and more can be both defined and changed. The newer version of




BADDY, BADDY V2, communicates with the app through a WiFi connection, different from the
first version that used Bluetooth.
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Figure 8: The BADDY application that can be downloaded from Google Play Store. Illustration
of how the timeline of a playing sequence can be edited considering (a) time between strokes, (b)

where on the court the shuttlecock is fired and (c) a complete overview of the sequence [63]

Considering the three main goals and intentions for the BADDY project, accessible, affordable,
and sustainable, the use of an application supports an affordable solution. Most people already
have a smartphone, and if not, multiple cheap options exist on the market. It is preferable for the
user to hold the phone while playing in order to control BADDY from the app. This may be a
problem, especially considering the size of smartphones. If the phone is too big, it may compromise

the quality of the practice, and there is a risk of dropping the phone while playing.

2.3 Construction of BADDY

BADDY consists of three main components, the ”Go Baddy” application presented in section
2.2, the robot itself and the electronics. The robot itself consists of multiple components. These
components are mainly the frame, the fire room and the feeder tube, and can be seen in Figure 9.
The feeder is placed on top of BADDY and is a long tube that holds the shuttlecocks that feed
the launcher. It has a capacity of 30 shuttlecocks. The frame consists of a box and holds BADDY
together. The frame can be made of different types of material, where both MDF and plastic have
been used. This is a part that can be 3D-printed or laser cut by the user itself.




Figure 9: View of BADDY taken from Janton’s CAD model [35]. BADDY consists of (1) feeder

tube, (2) fire room, and (3) frame

The fire room is located inside the frame, and this room contains a firing system that launches
the shuttlecocks in addition to the motors and electronics for the robot. The firing room consists
mainly of a neck, switch, retainer and a launcher, as seen in Figure 10. Both the switch and retainer
are operated by servomotors, which again controls whether a shuttlecock can be launched or not.
These parts can either be in an open or closed position. When they are closed, no shuttlecock will
be let through to the launcher. Once they are opened, a shuttlecock will be led from the feeder,
towards the retainer and switch, before it reaches the launcher. The launcher is provided with two
rotating wheels with separate motors that can spin up to 5000rpm. This allows for the two wheels
to rotate at different speeds, which is necessary in order for BADDY to launch different types of

shots. The wheels can be seen in Figure 11.

Figure 10: View of the fire room taken from Janton’s CAD model of BADDY [35]. The inside of
BADDY consists of (1) feeder hole and magnet slots, (2) neck, (3) servomotors, (4) retainer, and
(5) wheels [8]




Figure 11: The wheels used inside BADDY [§]

BADDY is provided with 9 different strokes illustrated in Figure 12. These are drops, drives, and
clears, where all of these can be fired in 3 different directions, left, center, and right.

|

Figure 12: Ilustration of the court coverage provided with BADDY’s 9 different types of strokes.

BADDY is equipped with a Printed Circuit Board (PCB), as shown in Figure 13. This circuit
board holds an ESP8266 WiFi-based Arduino board with different connectors. To provide power
to the servomotors and the motors for the wheels, they have to be connected to the circuit board
when mounting BADDY. The neck and retainer must be positioned correctly. To be able to assure
the correct position of these, the code behind these components have to be included in the Arduino
code and initialized to the correct value. BADDY also comes with a 12 V Li-on battery and a
charger. The LED panel in front of BADDY, shown in Figure 13, notifies the user when the battery
level is under a critical threshold and BADDY needs to be charged.

10



-

Figure 13: The electronic components used in BADDY. The circuit board on the left is a special
designed circuit board with Arduino embedded, and the Arduino LED panel is shown on the right

8]

2.4 Previous work

A report from 2019 written by Hugo Janton [35], addresses, at that time, the latest version of
BADDY and possible ways to improve the robot. The main aspect of his report was that the
suggested improved design of BADDY should be both affordable, transportable, and usable for
everyone. As documented in his report, several elements were considered for improvement and
three improved designs were suggested. These were designing a new firing system that would
handle variations in the initial angle, increasing the capacity of the feeder to allow for an increment
of shuttlecock capacity. And finally the implementation of a safety system in order to create a safe
environment around BADDY [35]. An example of his work is shown in Figure 14. As part of the
study, Janton made CAD files based on the .dxf files for laser cutting parts that are available on
BADDY LAB’s Github.

Figure 14: CAD model of a four-barrel rotary feeder Janton designed for his report [35]

11



2.5 Bluetooth and Bluetooth Low Energy technology

The first version of BADDY used Bluetooth to communicate with the application, but this was
replaced with WiFi for the later version. For a wireless remote controller, it would be preferable
to reimplement this with new Bluetooth technology that is more optimized for the use of a remote

controller.

”Bluetooth is a wireless technology that allows the exchange of data between different devices”
[36]. Tt is a personal area network that works within a short range and allows for communication
between different devices [39]. Bluetooth Low Energy (BLE) was released in 2010 as a part of the
core specifications of Bluetooth 4.0. BLE is not an upgraded version of the original Bluetooth, but
rather a new technology that focuses on applications and devices that are related to and uses the
Internet of Things (IoT) [25]. These applications only transfer a small amount of data with low
speed, which implies that they require less energy than other devices to transfer data. BLE is a
wireless technology that focuses on low power and is mainly targeting devices that communicate
within a short range of each other and periodically transfer data [1]. BLE only consumes half of the
energy that the original Bluetooth consumes and is therefore optimized for i.e. home automation
applications, fitness trackers or smartwatches, which all require low energy and only transmit small

amounts of data [25].

12



3 Method

This chapter addresses how the information provided in this report has been gathered, which
research methods have been used, and how they were conducted. This chapter also addresses why
the following methods were used.

Several methods were used to provide the necessary knowledge in order to find possible improve-
ments for BADDY. The study was conducted by research and a feasibility study due to little, to
none, prior knowledge. In addition to this, an interview with the founder was arranged and a

previous project report [35] was also used as part of the prestudy.

3.1 Interview

In order to achieve a deeper understanding of the idea and work behind BADDY, an interview with
the founder, Benoit Greslebin, was arranged. Due to distance, given his settlement in France, and
COVID-19, the interview was conducted using Skype. Prior to the interview, Mr. Greslebin was
provided with some questions in order for him to prepare himself for the interview. The interview
was based on the questions Mr. Greslebin was provided with, but other topics were also raised

and discussed.

3.2 Literature study

A literature study was used to acquire the necessary knowledge regarding BADDY and relevant
topics for the study. This was mainly implemented at the beginning of the project, but also
throughout the project as new information emerged. A lot of information is available online, so it
was important to find and use credible sources. NTNU’s digital library service “Oria” was mainly
used to find relevant articles and information. Subjective opinions and input have contributed to

the study and the end result by introducing new ideas and points of view.

The CRAAP test was used to assess the trustworthiness of the sources obtained. “The CRAAP
acronym |[...] stands for the components of the evaluation process: currency, relevance, authority,
accuracy and purpose” [43]. The CRAAP test is based on a set of questions and guidelines
to help evaluate the sources and information collected. Sources were evaluated based on their
reliability and validity. The reliability is closely related to whether the information is gathered in
a trustworthy way or not. Here, both the publication date and author have been assessed as well
as the information has been verified with other sources. The validity of the source says something
about whether the information obtained is relevant to the study or not. Finally, the purpose of
the source has been taken into account. The purpose of the article or the intent of the author has

also been part of the overall evaluation of the source.

3.3 Previous work

A previous student’s project report was made available and used as inspiration and as part of
the research for this study. This was the report made by Hugo Janton mentioned in section 2.4.
The thesis was used to get an insight into what has been done previously and how an open-source
project can be further developed by others than the founders.

13



4 Possible ways to improve BADDY

BADDY is an open-source mechanics, electronics and software project for a low-cost badminton-
shuttlecock throwing robot. The BADDY community wants to develop BADDY further. The
project idea is to not only develop a good badminton shuttlecock launcher, but also make people
more interested in robotics and be able to build robots themselves. There are many aspects to the
relativity new BADDY project which gives BADDY a lot of potential for improvement. As a user
of BADDY, you are encouraged to provide feedback and contribute to the project. The project
can be divided into two parts. The first one consists of learning everything you need for building a
robot. Some of the things you get to know are electronics, coding, physical building, and obtaining

the necessary tools. Secondly, the final product will improve your badminton training.

In this section, some possible improvements are explained and discussed. BADDY has virtually
unlimited opportunities for improvement, but the main focus of this report was to improve the
robot itself, and not the process of learning from building it.

4.1 Improvements

When deciding how to improve BADDY, several things have to be considered. The goal is to keep
following the intentions behind BADDY, the improvements should be open-source, easy and cheap
to build, and be educational both considering building a robot and playing with BADDY.

Three main categories have been considered for improvements: security, performance and ease of
use. Each improvement is categorized under one of them, but some may fit under several.
e Security

1. Adding sensors to detect humans

2. Adding a mechanical security shield
e Performance

1. Adding several tubes to increase the shuttlecock capacity
2. Expanding movement and range of motion

3. Material improvement
e Ease of use

1. Adding a new way to control BADDY

(a) Adding a 3D-camera control system

(b) Adding a remote controller

An alternative way to control BADDY is to use a voice-activated control system. This could be

an interesting way of controlling, but is not discussed further in this report.

4.1.1 Security

As for now, the only security aspect of BADDY consists of a written disclaimer that is agreed upon
with the purchase of a BADDY. In the disclaimer, it is stated that “Kids shall not use BADDY

14



without surveillance, never put your hands in it when switched on, stay at the other side of the
court when playing (Keep the net between you and BADDY)” [9].

BADDY can launch shuttlecocks with a maximum speed of 130 km/h [8]. A shuttlecock with this
speed can do serious damage to the eyes or other parts of the body. It lies is in human nature
to explore and tinker with new, exciting things, especially for children. Considering that BADDY
is a robot and may cause harm to those around, it is reasonable to assume that no children are
allowed near the robot and that it can only be handled by adults.

Different safety aspects could be added to BADDY in order to increase the security and the need
for supervision. Depending on the upgrade, it could make it harder to get injured when using the

robot.

Sensors to detect humans

BADDY is composed of moving parts, where the motors can spin at 5000 rpm and the shuttlecocks
can reach a maximum speed of 130 km/h when launched [10]. Considering the risk and dangers
connected with the usage of BADDY, a security mechanism implemented in the robot would be
preferable. By installing ultrasonic distance sensors, as shown in Figure 15, BADDY would be able
to detect humans in front of the launcher. If the sensors detect humans too close, the robot should
stop all launching until the zone is cleared. This would be a software mechanism and implemented
into BADDY’’s source code. It would also be possible to use infrared sensors instead of ultrasonic
ones. Which one to chose was discussed in section 4.3.1.1 in Janton’s report [35]. Here he states

that ultrasonic sensors are more suited for BADDY because of a wider range of detection.

Sensors can also be placed to monitor particularly vulnerable components like the launching wheels

or motors. When the sensors detect any defective components, it should stop all launching.

Figure 15: HC-SR04 ultrasonic distance sensor [59]. A sensor that can measure the distance to
objects, and can be connected with Arduino [34]

Mechanical security shield

In addition to the sensors, the implementation of a closing mechanism that would close the launch-
ing hole has also been taken into consideration. It would work as a shield blocking shuttlecocks
from launching. A shield would also stop potential plastic or metal parts from being launched if
some of the components within BADDY would break. Additionally, a shield will prevent children
from sticking fingers into BADDY’s mechanism.
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The two safety aspects of using sensors and a closing shield can combine to make BADDY even
more secure. They would work as backups for each other. If the sensors detect any humans in
front of BADDY, the shield would close. This would add a physical mechanism and not only a

software mechanism to avoid launching.

4.1.2 Performance
Adding several tubes to increase the shuttlecock capacity

The tube provided with BADDY, as of today, has a capacity of 30 shuttlecocks [13]. Considering
the fact that BADDY has a maximum stroke frequency of 2 strokes per second [8]. It will take
15 seconds before the tube is empty and the player has to take a break to refill the tube. From a

player’s point of view, this would be time-consuming and result in an ineffective training session.

Due to the low capacity of the tube, an improvement of BADDY could consist of adding several
tubes to increase the capacity. Then the player doesn’t have to pause the training as often as with

the original, single tube.
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Figure 16: The shuttlecock holder for Siobasi’s machine with a capacity of 180 shuttlecocks [2]

BADDY is a small robot, and the dimensions of the components were thoroughly calculated in
the development process, in terms of the weight, robustness, and strength to withstand the power
generated by the motors. When considering an improvement of adding multiple tubes, the tubes
themselves would cause a weight gain to BADDY. I addition to the tubes, the shuttlecocks will
also increase the weight that BADDY has to withstand. Depending on how large the weight gain
of this implementation would be, it could result in damaging the robot due to the added weight.
When considering the implementation of adding tubes and increasing the shuttlecock capacity, it
is important to consider the weight gain and if it would be necessary to build BADDY stronger so

it can manage the new weight.

Expanding movement and range of motion

BADDY has 9 different strokes available, as seen in Figure 12. The drop and clear shots have less
divergence than the drives or the middle court shots. The Figure illustrates that these shots don’t
reach the corners at the rear and back of the court. “In order to reach corners at the rear of the
court, you have to orient BADDY towards the Left/Right side of the court you want to focus on”
[13].
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BADDY can be placed directly on the floor as well as on top of a tripod. Placing the robot on the
floor optimizes the path for drop shots, but the reach for clear shots are reduced and can be missed
by up to one meter [13]. Attaching BADDY to a tripod makes it possible to launch shuttlecock
from a more realistic height and the outlet angle for the shuttlecocks allows for better clear shots
than without the tripod.

A playing sequence often consists of multiple different shots. This may be a problem both with
and without the use of a tripod, considering the limitation of divergence in the clear and drop
shots. Regardless of whether BADDY is placed on the floor or on the tripod, some of the shots
will only be approximately equal to a real shot, but not exactly the same. BADDY is a lightweight
robot with a total weight of less than 5 kg [13]. It is therefore easy to move around, which makes
it possible to recreate most shots. The disadvantage of this is that someone physically has to move
BADDY and adjust the settings for each time it is moved.

A solution to this may be to implement new functionality to BADDY which allows for more
movement both sideways and up and down in order to adjust the launching angle. This would
make BADDY more flexible in regards to the different shots and the total coverage of the court

can be enhanced.

Material improvement

So far, two versions of BADDY have been developed and multiple materials have been tested
and used for the robot. The first version, BADDY V1, was fully made out of plastic, specifically
PMMA, ABS and PLA [13]. When the robot is operative and the shuttlecocks are launched, a
large force is generated. Plastic is a fragile material, and together with the large force that is
generated, this can be dangerous and the plastic may break. Plastic is also the main material that
has been used for 3D-printing of the parts.

As an improvement to the performance and sustainability of BADDY, wood materials were imple-
mented and tested. The parts for the frame and box were made of reel wood veneer mouldings,
while the internal structure was created by laser cutting MDF [13]. Wood is more durable and
elastic than plastic and can bend without breaking. This led to a more sustainable BADDY, but
like plastic, wood material also has its weaknesses. “The interaction with water is one of the most
critical problems found in MDF since this results in higher swelling of the material” [20]. The use
of MDF would not be a good solution if there is a possibility that BADDY might be exposed to

water.

Figure 17: BADDY created in wood veneer and MDF [15]
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The second version, BADDY V2, was launched with some new functionalities as well as new
material. The inside parts for this version were made of metal. Metal is much stronger than
both plastic and MDF, and was, therefore, a good alternative to the previously tested materials.
There is a much smaller possibility for metal to break and injure someone, compared to plastic. A
disadvantage of this new improvement was that the parts have to be made with a laser cutter. The
average man doesn’t have access to a laser cutter and will not be able to make the parts himself,
using for example a 3D-printer. If a part of BADDY breaks, it would be hard to create these parts
and they would have to be purchased from the producer. This improvement makes BADDY less

of an open-source project since these parts mostly have to be bought.

A possible improvement to BADDY would be to consider the use of new, durable material that is
lightweight, easy to access, and can sustain the weight and force needed for BADDY to be a safe
and user-friendly robot. For such a change, a possible material would have to be examined and it
would be desirable to obtain a material that the average man can access himself, without having

to purchase the parts from the producer.

4.1.3 Ease of use

Adding a new way to control BADDY

Currently, a smartphone application is used to control BADDY. This requires the player to have
access to a working smartphone. Considering the three main goals for the BADDY project; ac-
cessible, affordable and sustainable. The use of an application supports an affordable solution as
long as most people already have a smartphone. Most people do own a smartphone today, but it
may be a disadvantage that a smartphone is needed in order to use BADDY. A BADDY will be
useless if the phone is e.g. left at home or out of power.

Figure 18: Screen photo of the application GO BADDY [§]

In order to use the application, it is highly preferable for the user to hold the phone while playing
to control BADDY. This may be a problem, especially considering the size of smartphones, which
are getting bigger and bigger, and it may be hard to press a button without looking at the screen.

If the phone is too big, it may compromise the quality of the practice. Usually, when playing
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badminton the hand without a racket is in a lot of movement and in special positions. A big phone
can be annoying to hold on to and may easily be dropped. There is also a bigger risk of getting

sweat or water into the phone.

Adding a new way of controlling BADDY, could solve some of these issues. Depending on the
solution, it may decrease or increase the number of functions an application is providing. In
the application, you have the opportunity to create playing sequences and decide exactly where
the shuttlecock should land. Some of this functionality may be lost with an alternative way of
controlling BADDY. On the other hand, a new way of controlling might add other elements and/or
make BADDY smarter without the need for the same type of control.

3D-camera control system

The development of a three-dimensional sensor technology has contributed to major changes in
various industries and the demand for this technology is increasing. “The applicability of 3D-
sensing technology has expanded in the robotics industry, owning to the increasing demand for
virtualized solutions” [33]. A 3D-camera is capable of capturing movements and distance to a

person or an object [28].

Implementing a 3D-camera in BADDY can increase both the user experience and the usability of
the robot. A 3D-camera can detect the movements of the player as well as detecting where on the
court, the player is at this exact moment. With this information, BADDY can decide where and
when the next shuttlecock should be launched. The use of 3D-sensing technology can improve the

robot in multiple ways and it opens up new ways to use BADDY.

The 3D technology could increase the usability of BADDY by allowing a player to train without
having to create a playing sequence in advance. Hence, the player only has to set up BADDY
and start playing without spending time on creating the sequence. This could also increase the

difficulty of the training since the player won’t know where the next shuttlecock is coming from.

It is beneficial for a player to receive feedback on technique and areas to improve from a coach in
order to evolve as an athlete. This has traditionally been done through oral feedback from coaches,
based on their observations. Depending on the complexity of the exercise and playing sequence, it
can be hard for the coaches to see the entire playing sequence and to give feedback on every part
of the exercise [42]. Implementing a 3D-camera to BADDY, would not only allow for BADDY to
detect players on the court, but also open up to the possibility of filming the players. These films

can be used to analyze and improve the player’s technique.

Remote controller

A new addition to BADDY could be to create a remote controller that would communicate with
BADDY directly with the use of wireless technology. By implementing a remote controller, it
will be possible to control BADDY without the need for the application. The application that is
currently in use, is connected to the robot through a WiFi connection, something that is a good
solution for this type of application. WiFi is a wireless technology that is limited by both short-
range and high power consumption [26]. In order for a remote controller to be beneficial over a
smartphone, the controller would have to be easy to use and small enough so that it is easy to
hold on to. It should also come with long battery life.
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The use of WiFi in such a controller could be a solution. This would make the implementation quite
easy considering that BADDY is already embedded with a WiFi device. Considering the limitations
of WiFi and high power consumption, this would not be a preferable solution. Another technology
such as Bluetooth or Bluetooth Low Energy could be a better choice. The first version of BADDY
was created with a Bluetooth connection in order to connect with the application. ”Bluetooth
was originally designed for continuous, streaming data applications” [50]. A disadvantage when it
comes to Bluetooth, like WiFi, is that it has a high power consumption. Bluetooth Low Energy
would therefore be another option and possibly a better one than both WiFi and Bluetooth. As
mentioned in 2.5, BLE is a low power technology and works well with a device that doesn’t have

to send a large amount of data [50].

A remote controller must be able to signal BADDY to launch a shuttlecock. The number of buttons
on the controller may vary. If the controller only has one button, the placement of the launched
shuttlecock should be predefined. If it has multiple buttons, they could represent the different
strokes, such as the application provides. A remote controller would only need to transmit data
when a button is pressed so that the robot knows when to perform an action. This would be a
small amount of data that is only transferred periodically, not continuously. If a remote controller
should be added to BADDY, it would be preferable to do so, using BLE to connect the two parts.
A disadvantage of using BLE would be that the embedded Arduino code in BADDY would have
to be modified in order to use Bluetooth, but this would most likely pay off for the end result.
Additionally, the hardware in BADDY has to be updated with a Bluetooth device.

4.2 Choice of improvement

The rest of this report will go more in-depth on one of the suggested improvements discussed in
section 4.1. The solution selected to implement, a remote controller, was chosen based on the time
frame for the project and the desired learning outcome. In order to implement the chosen solution,
it was required to acquire knowledge about both hardware and software development, as well as
3D-printing and programming, in order to make two components communicate with each other

wirelessly.

The possible solutions presented in section 4.1.1 that focuses on the security aspect of BADDY
would, to a greater extent than the chosen solution, depend on the presence of a BADDY. Given
the circumstances of the project and the lack of a BADDY robot, it would be difficult to complete
and implement these solutions. These improvements would also acquire access to a workshop
and miscellaneous equipment, which could lead to problems in regards to accessibility due to the
restrictions given COVID-19.

The improvements discussed in section 4.1.2 that suggested to improve the performance of BADDY,
would also require the use of a BADDY robot, at the same time as it would be necessary to acquire
a lot of new knowledge within multiple areas. Given the time frame of the project, these solutions
would not be preferable as the chosen solution to further implement.

By adding a 3D-camera to BADDY, as presented in 4.1.3, the total cost of the robot would increase,
which would affect one of the initial goals of BADDY, namely that it should be affordable. If the
3D-camera should break, it would not be possible to fix it without purchasing a new one, something

that also would affect the sustainability aspect of the robot.

The solution chosen to implement as an addition to BADDY was the remote controller. This was
the suggestion that best suited the different criteria given for this project and the circumstances.
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The implementation of a remote controller required the acquisition of knowledge within many areas
as stated in section 4.1.3, which would provide a steep learning curve. As mentioned in section 1.2,
the lack of a BADDY entailed that the main goal of creating a remote controller to communicate
with BADDY, had to be redefined in order to complete the project. The goal for this project then
became to make a remote controller by using a 3D-printer and an Arduino board. To illustrate
BADDY and to test if the controller worked, a LED light was used. Even without a BADDY, this

was a realistic goal for the project and provided a natural development for further work.
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5 Implementation of a remote controller

The chosen improvement was to build a remote controller to replace the use of smartphones when
communicating with BADDY.

As mentioned in section 1.2, the main goal of this report has been to get a controller to communicate
with an Arduino board. This goal was set because a BADDY robot has been unavailable during the
time scope of this project. When pressing a button on the controller, a signal has to be transferred
to an Arduino board. To check whether the remote controller is sending signals to the Arduino
board, a LED lamp attached to the board will be lightened. This process is illustrated in Figure
19.
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Figure 19: Illustration of signal transmission

There are three main processes to consider when making the controller and they are all carefully

described in the next sections.

1. Case design
2. Hardware development

3. Software development

5.1 Technical requirements

A badminton court has a total length of 13.4 meters and a width of 6.1 meters [38]. This gives a
diagonal length of 14.3 meters. The controller will therefore mostly be used within a range of 15
meters. If BADDY would be controlled by a trainer on the side, the total range should reach at

least 20 meters.

It would be required to use a battery as the power supply to avoid the controller to be constantly
wired to an external power source. Wires would lead to restriction of movement for the player.
Using a rechargeable battery will lead to the need for more equipment and increase costs. As long
as the hardware doesn’t drain too much power, a replaceable battery will suffice. The use of a

battery easy to get hold of, small in volume on and reasonably cheap, would be benefiting.
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When determining which communication type to use, battery consumption would be crucial. Three
different communication types were considered, WiFi, Infrared (IR) and Bluetooth. Infrared has
a short-range. Even the best IR transmitters don’t work well over a range of 5,5 meters [21]. The

short-range makes Infrared unsuitable for this controller.

BADDY is now using WiFi to connect with phones and to other BADDY robots. Using WiFi
with the controller would then simplify the needed modification of BADDY’s circuit board. WiFi
communication drains the battery fast, and might therefore not be the best solution.

A previous version of BADDY used Bluetooth to connect with phones. According to Mr. Greslebin,
this was undone because Bluetooth versions on phones were regularly updated, which required
equally regular updates on BADDY’s hardware as well. New versions of Bluetooth are backward
compatible with older versions, so this explanation makes little sense. The communication will be
between a BADDY and the controller which will act as two fixed devices, instead of many different
phones. Bluetooth can therefore be reintroduced as a better alternative to WiFi. Bluetooth
provides higher security and requires less power than WiFi. With the Bluetooth Low Energy
(BLE) technology, the battery time will increase, and the use of BLE for communication would

therefore be the best alternative.

5.2 Case design process

When designing the case for the remote controller, three things were considered. First, it should
impact the gameplay as little as possible. The controller is a substitution for a phone, so the
controller had to solve the problems by playing with a big phone. Secondly making the case
still has to follow the main goals of the BADDY project; open-source, affordable and sustainable.
Therefore it should be easy and cheap to make it with open digital drawings. Also considering
adding a proposal for an alternative cheap case that’s easy to buy online in case the user doesn’t
have the opportunity to make it themselves. Thirdly the design must be big enough to fit the

hardware and be possible to make with appropriate tools.

When considering the impact the controller has on the game, it’s necessary to look at the hand the

player will use it with. This will be the player’s non-racket arm, usually the not dominant hand.

5.2.1 Non-racket arm impact when playing

The non-racket arm has a big impact on the game. It is mainly used for balance, but also to increase
the power of the hit, and aiming where to hit [16, 19, 67]. The arm is in a lot of movement, usually
with an open hand. It will therefore be disturbing the natural movement and use of this arm by

having to hold on to a controller.

5.2.2 Practical design

A case should smoothly fit into a hand. It should be small, light and easy to hold on to. And it
must withstand rough treatment. If the controller is attached to your hand, the need for gripping
is no longer necessary. Without the need of gripping around a case, the non-racket hand could be
used in the same way as in normal play. No need of being afraid of losing the controller anymore.
To attach the case to the hand, a rubber band could be used.
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The controller also needs a button in order to launch a new shuttlecock. To accomplish the main
goal, it’s only needed one button on the controller, but the possibility to expand this will be
discussed later. The button should be reasonably big so it is easy to hit. If you can use several
fingers to hit the button, the player can choose which fingers he/she prefers and therefore make it
more flexible and usable. The placing should be in the middle of the palm with the rubber band
stretching around the outer side of the hand holding it in place. This will be within reach of both
the middle fingers and thumb. The design should make the placement of the case at such a level
that the fingers automatically will hit the button when closed. Since the controller should affect
the game as little as possible, it must be easy to use the controller and hit the button without
much thinking or the need of looking at the controller. There will be a trade-off between making
the case small (and unnoticeable) and making the button big and easy to hit. The most useful

balance must be found.

The rubber band is a one size fits all. It has a velcro on each end for closing, opening and adjusting
size. It is essential that the rubber band is tight so you don’t have the feeling of losing the controller,
but also not too tight that you can harm the hand. In case the rubber band gets broken, it has to
be possible and easy to change it.

Figure 20: Illustration of imagined design of a small round sphere case with rubber band around
backside of the hand

To be able to place hardware inside the case, it needs some sort of opening and closing mechanism.
The solution can not be permanent, as it is necessary to change the battery from time to time, and
should be easy to access the components inside. This excludes the use of glue or other permanent
closing mechanisms. If the case consists of two parts that fit inside each other and are kept closed
that way, the use of parts and tools needed will be minimized. Another option is to use screws to
keep two parts together. Using screws will be more robust, but also require more tools and make
the 3D-model more complicated. A 3D-printing test done later with screw holes showed that this

was not an optimal solution.

5.2.3 Making the case

Different options were considered for making the case. It could be possible to use laser cut pieces,

make a casting form and cast the case in fiberglass or foam, or make origami dice out of paper.
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The casting was excluded because of lack of time and tools, and laser-cut parts and paper origami
was too fragile. Instead, 3D-printing was chosen. The main reason was that BADDY already
consists of parts that can be 3D-printed, so the controller will not add an extra need for tools.

Additionally, 3D-printing is fast, easy to learn and able to do without much research!.

To test 3D-printing a model made by Daniel Maydana [40] was printed. A button was applied to
the 3D-model before printing. The result was poorly printed as shown in Figure 21, but a lot of
experience could be taken from it. The support used when printing was hard to remove without
breaking important parts and made the closing mechanism for the battery not work. The screw
holes were filled with plastic and unusable. The button showed how badly the printing can be even
on a small, uncomplicated part when something wrong happens to the printer. The printers used
was unstable and unfinished parts occurred many times. A too complex model is not doable on
the available 3D-printers and the mechanism for closing the case and changing the battery has to

be made simple.

Figure 21: 3D-printed test case. (1) Filled screw holes, (2) support mass not possible to remove,

and (3) printing gone wrong

To make the case easy to reproduce, a 3D-model was made in the program Autodesk Fusion 360.
The experience from the test printing further influenced the design of the case. The first prototype
was simplified from the sketched sphere to a cube. This was done for several reasons. Mainly to
make it easy to model in the program, to test different types of buttons and to make sure the
dimension was right for fitting the hardware. Also, a spherical case can be more problematic to
3D-print, due to the general rule of not having an overhang with an angle larger than 45 degrees
[22]. A 3D-printer can not reproduce overhang structures with a larger angle than 45 degrees from
the vertical without using support structures. Printing with support structures takes much more
time and as experienced, the support structure can be hard to remove. Due to a lack of available

3D-printers, this was not done.

1The 3D-printers were not made available as planned due to COVID-19, so the lack of them delayed the project

for some weeks
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Figure 22: Design of 3D-printed case with dimensions

To avoid designing the closing mechanism on the prototype, one side was removed to make it
easy to install the hardware inside. Making the closing mechanism should be done when a better
prototype is present. One rectangular hole was made for the rubber band to fit into.

Figure 23: The inside and backside of 3D-printed case

Two types of button functionalities were tested. The first was a separate button with dimensions
such that it would fit partly through a hole in the case. Figure 23 shows this. The second was
inspired by the button on a computer mouse. The button would not be a separate part, but an
extension of the case only attached on one side. This is shown in Figure 25. This second button
was proved to be difficult to achieve since the material used was not very elastic. The button broke
several times when removing support material. It worked better when making it thinner, but that

also made it more fragile.

s A2

Figure 24: Case with a separate button
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Figure 25: Case with an extension button

When the 3D-model was ready, an STL-file was made and imported into the program PrusaSlicer.
This program was used because it works with the Prusa 3D-printers that were available. Here the
orientation and placement of the model are selected, as seen in Figure 27. The program calculates
the time needed for printing and adds supports where the overhang angle is over 45 degrees. The
correct printing settings have to be selected, type of printer, type of filament and thickness and
quality of the layers. A picture of the settings is shown in Figure 26. When deciding the type of
filament you have to select the material. The case was made in Prusament PLA [49] as this was
the only available material. This is a very common printing filament. Because of its low melting
temperature, 175 degrees Celsius, it is suitable for printing tiny parts, like the case made here.
It is also biodegradable material which is a pro to today’s societal demands. The case had to
be made a lot of times to determine the best design, so by making it in biodegradable material,
those not used could be recycled. Prusament PLA is not the easiest to post-process, because of its
characteristics as hard, tough and brittle. This was experienced when printing the case and made

it difficult to remove support fragments. This led to higher demands for the digital 3D-model.

Simple Advanced || ® Expert
Print settings ;
| & B 020mm QUALITY (modified) v|@
Filament :
‘ I 8 Prusament PLA v |
Printer :
| 9 8 original Prusa i3 MK3 v|@
Supports: ‘Ever;nﬂ.rhere o |

Infill Brim: []

Figure 26: Settings of the print with Prusa Slicer
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Figure 27: Orientation and support material of the 3D-printing

When the settings were chosen, the model was sliced and exported as a G-node to an SD-card. This
was inserted into the Prusa printer used. Three different versions were available, Prusa printer
MK3, MK3S and MK2.5. All of them were tried out, and the best result was produced by MKS3S.
This is the newest of the three printers and has been upgraded with a redesigned filament extruder.
The extruder on MK3S has a hybrid system with both an optical filament sensor and mechanical

lever [3].

The designing process alternated between the two steps (1) designing a 3D-model in Autodesk
Fusion 360 and (2) printing with Prusa. Printing was not straight forward, as the printers had
problems with several things. Layer shifting, poor bridging, first layer issues, and extrusion prob-
lems were experienced. All of them can be read about in Prusa Knowledge Base [17]. Some of
these problems led to the need of changing the 3D-model, like the design of the buttons. Testing
and feeling the case in the hand, also made it easier to decide where to do changes. The thickness
of the walls making the case had to be changed two times, from too thick (1.5 mm) to too thin
(0.75 mm), to the final result of 1.2 mm. The thickness was determined by printing and testing
several times and was a trade-off between a solid case and a light, fast printed case. The button
design had to be redesigned a few times. Both the thicknesses of the button and spacing between

button and case had to be changed due to the outcome of the previously printed cases.

The final design with the printing settings from Figure 27 resulted in a bit less than 2 hours of
printing time. The exact printing time was 1 hour and 44 minutes, and in addition to this, the

printer uses a few minutes to heat up and cool down before and after printing.

The mechanism to attach the controller to a hand is made of a rubber band with a two cm width.
A velcro is sewn at each end of the rubber band so it can close with varying lengths. This makes
it flexible and should fit all hand sizes. This mechanism opens up for you to attach the remote
control beyond holding it in your hand, but is not necessary to use. You can attach it wherever
you want. Maybe you’d rather have it fastened around your wrist or to a fence? A picture of the
rubber band with velcro is shown in Figure 28. Instead of using a rubber band, a normal piece
of fabric would do the same job, but would be a bit less flexible. Other possibilities could be to
use some sort of glue or sticky material to attach the controller to the hand, but it seems not very
practical nor comfortable.
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Figure 28: 3D-printed case with rubber band mechanism

In Figure 29, the case with the second button option is shown. This solution didn’t give the best
case printings. The printer had some troubles in the transition between case and button with the
support material needed there. Additionally, with the button being too fragile, this solution was
rejected. The final result of the prototype with a separate button is shown in Figure 30. How the
fingers close over the button is also shown.

Figure 29: 3D-printed case with the second button option. (1) Transition

Figure 30: Printed prototype inside a hand
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5.2.4 Alternative design

A final case should look more like the drawing in Figure 20. It should be more comfortable to hold
on to, smaller and have a closing mechanism. These aspects cause high demands on 3D-design and
printing. It might be easier and cheaper to buy an already made low-price case. It exists a lot of

them with varying design that could fit some of these demands.

The case should have an on/off button additionally to the launching button. The on/off button
would cut the power supply and save the battery lifetime. It would be useful to make it as a
switch, where one position indicates the controller to be off and the other indicates it to be on.
This should be a small switch located where it does not interfere or accidentally can be switched

off when using the controller.

The controller can be used as a supplement to the application. If this was not the case, it would
be beneficial to have more buttons on the controller to not lose functionality. The buttons could
indicate where on the court the shuttlecock is fired or which sequence BADDY should follow. More
buttons can be a good implementation regardless of the availability of the application.

Wall thickness might have to be redetermined. When making the prototype it was important that
the printing time was not too long. For a final product, this is not an important factor and the
robustness should not come at the expense of time savings. If the hardware is made smaller, the

case can be smaller and the wall thickness would not affect the size a remarkable amount.

5.3 Hardware development

When developing hardware for the remote controller, three things were considered. First, the total
volume of the components must be small enough to fits inside the 3D-printed case. Secondly, the
hardware development had to follow the criteria and main goals for the BADDY project, which
was open-source, affordable and sustainable. Therefore the components used to create both the
electronics inside the controller and the case had to be cheap and easy to get a hold of. The circuit
diagrams and explanations have to be available and open-source, so that building and maintaining
this device could be done by anyone. Thirdly, technical requirements must be achieved. These

were discussed in section 5.1.

To achieve the main goal of making the controller communicate with an Arduino board, it had to
be divided into smaller sub-goals that had to be achieved first. The first sub-goal was to make
a component communicate not-wirelessly with a computer. Then, make it communicate with a
phone through Bluetooth. The third sub-goal was to make it communicate with another Bluetooth
component. And finally, create a Bluetooth connection between a LED light and the controller
in order to switch the LED light on and off when pressing a button. An illustration is shown in
Figure 31.
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Figure 31: Tllustration of signal transmission

5.3.1 Choosing components

As discussed in section 5.1, the battery doesn’t have to be rechargeable. The battery selected,
was chosen based on the relation between size and power. To fulfill the initial requirements of the
BADDY project, the chosen components also had to be low in price and easy to get hold of. The
power needed for the battery was decided by the choice of Bluetooth module. Most Bluetooth
modules need a power supply of 2-5 V| so the battery should fit this criterion. A lithium button
battery CR2032 gives a power supply of 3 V and has a diameter of 20 mm with 210 mAh [29].
This type of battery is easily accessible and the cost is less than 1 dollar when purchasing online.
Based on the accessibility, usage and cost, this was chosen as the power supply for the controller.
Figure 32 shows the battery chosen for this project and a battery holder in order to connect the

battery to the other components [31].

CR2032

LITHIUM BATTERY |
YF GL /S YFY=
3V

Figure 32: CR2032 battery [45] and holder [31]

Two buttons will be needed for the controller. One power button in order to switch the remote
controller on and off, and one launching button. The launching button will transmit a signal to a
Bluetooth device when pushed, and trigger an action. The buttons showed in Figure 33, was used
for this. These types of buttons are easily accessible and cost less than 1 dollar when purchased
online [58, 32]. These particular buttons were chosen due to accessibility and cost, even though
there exist many different types on the market. As an alternative to using a power button, an
on/off-functionality could have been implemented with a software configuration. The launching
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button could work as both the launcher button and as the on/off button. By pressing the button

shortly, it would launch a shuttle, and by holding it down for a certain amount of time, it would

turn the controller on and off.

Figure 33: Push button switch to the left [58], slide switch to the right [32]

Wires together with a breadboard were used to attach all the electrical components together, as
shown in Figure 34. The dimensions of the breadboard were 8.3 x 4.5 x 45.5 mm [30], which was
the smallest breadboard available. It was desirable to make the controller as small as possible,
something that required the use of small components. It was chosen to implement this breadboard
in the solution since it was the smallest available and it was useful in the beginning phase where
different circuits had to be created and tested. Even though this is a quite small breadboard, it
was still the biggest component of the inside of the controller. Replacing the breadboard should
be considered when improving the controller.

nnnnnnnnnn
----------
----------
..........
..........
..........
..........
..........

..........

----------
..........
..........
..........

Figure 34: The breadboard [30]

Bluetooth module

An important challenge was to pick a suitable Bluetooth Low Energy (BLE) component for this
project. It is possible to purchase many different components from different suppliers, and it
was a long process of deciding which to choose. The three Bluetooth modules listed below were

considered and tried out and Table 1 provides the relevant data for each of the modules.

1. nRF52840 Dongle from Nordic Semiconductor [53]
2. WRL-12580 - Bluetooth Module Mate Gold from SparkFun Electronics [60]

3. HC-08 Serial Bluetooth Module [48]
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nRF52840 Dongle

WRL-12580 Gold

HC-08 Module

Power supply
Bluetooth version
Range
Dimensions

Communication

1.7-55V
BLE 5.0

682 m

46 x 15 x 4 mm

UART/SPI

33-6V
Bluetooth 2.0

100 m

13.4 x 25.8 x 2 mm

UART

2-36V

BLE 4.0

80 m

269 x 13 x 2.2 mm

UART

Table 1: Relevant module data [53, 60, 48]

The first Bluetooth module that was tested, was a development kit from Nordic Semiconductor
[65]. The kit was of the type nRF52 - Bluetooth Low Energy [54] and is shown in Figure 35. This
kit was chosen due to little previous experience regarding hardware development, and as it was a
suggestion from the supervisor, Mr. Skavhaug. Nordic Semiconductor is located in Trondheim and
specializes in wireless technology that is aimed towards the IoT [52]. The nRF52 DK purchased,
"is a versatile single board development kit for Bluetooth Low Energy [...]” [56] and it is embedded
with four buttons and four LED lights. This kit appeared like a good choice for this project, as it
is compatible with Arduino, is easy to program, and had buttons that could be used in the remote

controller.

Nordic Semiconductor offers multiple ”Get started” guides and examples in order to get started
with their products. By following the guides provided on their websites, nRF52 DK board was set
up and connected to a computer correctly. Then, SEGGER Embedded Studio was downloaded as
a development IDE. SEGGER Embedded Studio is an ”all-in-one solution for managing, building,
testing and deploying embedded applications” [51]. Some essential tools were also needed in order
to develop Nordics devices. These were SDK, which is a software development kit, and nRF
Command Line Tools, which is a set of command-line tools needed for the programming [57].
After downloading all the essential and necessary software, it was possible to start programming
the nRF52 board. Multiple tutorials on how to configure the development kit and output pins
on the board exist on the internet. A YouTube tutorial created for handling digital inputs from
buttons was used as inspiration for the development of the nRF52 DK [27]. Based on this tutorial,
it was possible to make the LED lights on the board light up when a button was pressed. The
disadvantage of this development kit was the size of it, and it was difficult to implement a possible
solution developed with this kit to source code of BADDY. The board provided in the kit had the
dimensions 10.16 x 6.35 cm [56], which would make the remote controller almost the same size as
a smartphone, and would therefore not be an improvement.
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Figure 35: nRF52 Bluetooth Low Energy development kit from Nordic Semiconductor [54]

Based on this discovery, two nRF52840 Dongles [53] that works with the nRF52 kit was purchased.
These are USB dongles and can be configured by connecting them to a computer using USB. Nordic
Semiconductor has a software program called nRF Connect. This software allows for the initializing
and set up of the dongles, as well as connecting them to a smartphone through Bluetooth. The

nRF52840 Dongle that was used, can be seen in Figure 36.

Figure 36: nRF52840 Dongle from Nordic Semiconductor [53]

The physical assembly and connection between the dongle and the battery were performed using
the breadboard seen in Figure 34. The battery was attached to the board using a battery holder,
and wires connected the battery to the dongle as seen in Figure 37. Like the nRF52 DK board,
the nRF52840 Dongle is also equipped with a built-in button, a LED light and a lot of GPIO pins.
From Table 1, the dimensions of this dongle are given as 46 x 15 x 4 mm, which is significantly
smaller than the development kit. This could lead to a potentially smaller remote controller if the
components were placed in a clever way in relation to each other, and in a way that allowed the

button on the dongle to be pressed when pressing an actual button on the remote controller.
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Figure 37: The dongle connected to the battery with the bread board. This was a test to see if
the battery could power the dongle

When connecting the dongle to the Arduino board, a problem occurred. The dongle is not equipped
with the digital pins, RX and TX, used for receiving and transmitting data, that the Arduino board
has. After some research, it was discovered that this could be avoided by using some of the 15

GPIOs (general-purpose input/output) along with the castellated edges of the dongle.

In addition to this problem, it was hard to connect the two dongles together with the nRF Connect
software. After some feedback from an employee at Nordic Semiconductor, it was established that
the company doesn’t have its own Arduino library. In order to use the nRF dongle with another
Arduino board, it would be necessary to use third-party implementations. This made the process

more complicated, and the choice of using an nRF dongle for this project was reconsidered.

Due to this discovery, other Bluetooth modules were examined and several guides on how to
connect Bluetooth devices together were found. One of the tutorials studied, connected two HC-05
Bluetooth Modules, as slave and master device, and made them communicate with each other
wirelessly [41]. A newer version of this module, HC-08, is an upgraded version of HC-05 and comes
with Bluetooth Low Energy [48], something that seemed promising for this project. These modules

were harder to obtain and arrived a week before the project deadline.

In the meantime, a module from SparkFun, WRL-12580 - Bluetooth Module Mate Gold [60], was
easily accessible and could be used immediately. As seen in Figure 38, this module is not embedded
with a button like the nRF dongle. It is also not compatible with BLE technology, since it uses
Bluetooth v2.0. Modules using Bluetooth requires more power than those using BLE, hence, this
module was not an appropriate fit for the requirements of the remote controller. Nevertheless, it
was available and could be tested while a better alternative was shipped.
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Figure 38: SparkFun Bluetooth Mate Gold WRL-12580 ROHS [60]

The module was connected to an Arduino board and it was configured using UART commands.
Hen, it was connected to a phone with Bluetooth. No more was done with this module since the
HC-08 modules arrived.

The HC-08 modules arrived during the last week of the project. From Figure 39 it can be seen
that the HC-08 module doesn’t come with an on-board button either. This meant that a separate
button had to be connected to one GPIO pin and placed inside the controller. This module fits
the requirements, both with regards to using BLE technology, and it has the pins needed in order
to configure it correctly. The wiring is shown in section 5.3.2.

Figure 39: HC-08 Serial Bluetooth Module CC2540 (BLE 4.0) [48]

A final list of components needed to build and use the remote controller is shown in table 2.
Additionally, you need a 10k Ohm resistor, some circuit wires and the printed case with the rubber
band. The total cost will be around 210 NOK, which is about the same as a tube with shuttlecocks.
Making the controller will increase the total cost of BADDY by 4-5%.

36



Component name

HC-08 Serial Bluetooth Module
Breadboard, White, 8.3 mm
Battery Holder

CR2032 button battery

Push button

Slide switch button

Where to find it
Smart prototyping [48]
Farnell [30]

Farnell [31]

Farnell [29]

SparkFun [58]

Farnell [32]

Table 2: Component data

5.3.2 Connecting hardware in controller

Approximately price
50 NOK

16 NOK

48 NOK

7 NOK

5 NOK

34 NOK

Figure 40: Connector pins soldered to the module

Quantity
2

1

The modules had to be soldered with connector pins as shown in Figure 40, before they could be

connected to a breadboard and circuits could be created. Figure 41 illustrates the circuit diagram

for the button and slave module, with the respective wired circuit. While the circuit diagram for

the LED and master module, as well as the respective wired circuit, can be seen in Figure 42. Since

it is a one-way communication, from slave to master, there is no need for RX and TX connection

on both circuits.
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Figure 41: Circuit diagram for the slave module to the left, and wired circuit to the right
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Figure 42: Circuit diagram for the master module to the left, and wired circuit to the right

For the slave module circuit, some resistors have to be placed between the Arduino TX port and
the RX port on the module. The Arduino TX pin has a 5 V output, but the logic voltage level of
the RX pin for the module is 3.3 V. So, the connecting line between the Arduino and the module

needs to be connected through a voltage divider in order to prevent the module from burning.

38



v\’

\ -
i -
B:'Jet.::gdls ~ LEDlamp
P switches on
< ‘) .
Master
) module
Arduino sends signal
________________ - to Arduino

board sends

signal to slave board
module Master module
\ Slave module receives message /

sends message
Message sent wirelessly

Figure 43: lustration of signal transmission with two Arduino boards

When the launching button is pressed, a signal goes from the circuit to the first Arduino board
and to the slave module. The slave module sends a message to the master module wirelessly with
Bluetooth. When the master module receives the message, it signals to the second Arduino board
to lighten the LED. This is illustrated in Figure 43. Each time the button is pressed, the state of
the LED light is changed to the opposite of what it was. If the light is on (HIGH) and the button
is pressed, the LED light turns off (LOW).

5.3.3 Further development of the controller

The four sub-goals of this report has been achieved and is demonstrating the concepts of the
remote controller. Still, a few things have to be modified for the controller to work as intended
with BADDY. The intended setup is shown in Figure 44.

Launching button
on controller is
pressed

Baddy
launches a
shuttlecock

Signal is sent
to the module

Master module on
BADDY’s circuit
5|3V§ module Master module board sends signal
sends message . receives message
Message sent wirelessly

Figure 44: Ilustration of the signal transmission. The modules are part of the controller and
BADDY
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The slave module with the launching button has to be modified to fit inside the controller case.
This can be done by getting rid of the Arduino Uno board or switching to one that is smaller. An
alternative would be to use an Arduino Nano board, shown in Figure 45. It has dimensions of 18
x 45 mm [62], and could easily fit inside the case. If the Arduino board is removed completely, the

module has to be programmed in C code to perform the same logic.

Figure 45: Arduino Nano with dimensions of 18 x 45 mm [62]

One GPIO pin on the module will be used instead of the RX pin (which is mainly used for UART
commands) to receive the signal from the launching button. P2.0 is a pin defined as ”input, weak
pull up” [47] and is appropriate with a switch button. A pin with ”Weak pull up” has a built-in
pull-up resistor. With an open switch, the pin would be read as high, and a closed switch will be

read as low.

A power button for switching the controller on and off should also be placed and connected to
the circuit of the controller. This was not taken into account when designing the case, so the case

doesn’t have any functionality for this.

A circuit diagram for the controller is shown in Figure 46, along with the wired circuit without
any Arduino board. A slide switch was not available when making the circuit, so it is missing from

the wired model.

P (1)
D HC-08 Madule
VCC GND

[ GRID
10 kQ

oo 1
(2)

Figure 46: Circuit diagram of the controller to the left, where (1) is the power switch button and
(2) is the launcher button. Wired circuit to the right

Figure 47 shows the wired circuit inside the case. The button functionality doesn’t work with the
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used button component. This can be solved either by redesigning the case with respect to the
button, or some other button component has to be used for the wired circuit. The wires could also
be exchanged for shorter ones to make the whole circuit more compact and clean (long wires were

used for clarity and to keep to the same color coding as in Figure 41 and 42).

Figure 47: The hardware of the controller placed inside the case. So far, no closing mechanism has

been created

5.4 Software development

Since the modules are used with Arduino boards, Arduino code was used to program the function-
ality. The program Arduino IDE was downloaded [4] and worked as the programming platform.
Arduino language is based on C and C++ language and has libraries and tools for easy setup of
microcontrollers [65]. Arduino code files end with .ino and have to be saved in a folder with the

same name as the code file. The folders and files used are shown in Figure 48.

Controller code

at_commands

at_commands.ino

master_code.ino

slave_code.ino

Figure 48: Folder structure for the Arduino files

To use the HC-08 modules with an Arduino board, the library SoftwareSerial had to be used [5].
This library is embedded with built-in functions for using the pins at the Arduino board, in order to
communicate with a UART (Universal asynchronous receiver-transmitter) device on the modules
[66].

The HC-08 Modules had to be configured with UART commands before they could be used. These

modules come with a default slave mode. To be able to get an automatic connection between a pair
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of modules, one has to be changed to a master device. A module with slave mode uses less power
than one without. Since it would be an advantage to create the controller in a way that it uses
as little power as possible, the slave module was implemented here. The extra power drain by the
master module would be irrelevant since it is connected to BADDY that has a wired power source.
Some short UART commands, as shown in Figure 49, had to be implemented on the slave module,
mainly to obtain a unique Bluetooth address. This address was then used to make an automatic
and secure connection line between the master and the slave modules. The code for this can be
seen in Listing 1 in Appendix A. It was based on a sketch made by Jim Lindblom [18] and has
been modified to fit the needs of this project. By using the ” AT4+BIND=<address>"-command,
the master module will automatically try to connect to the device with this address when turned

on. The moment the slave module turns on, it will be connected to the master.

)

OFName : HC-08
Role:Slave

Baud: 5600, NONE
Addr:F8,33,31,29,CB, D4
PIN :000000
www.hc0l.com
www.hcO0l. com

www.hc0l.com

Autoscroll [_] Show timestamp

Figure 49: Serial monitor with information received from the slave HC-08 module

The remote controller must be equipped with a button. When this button is pressed, a new
shuttlecock should be launched from BADDY. In order to simulate this, a LED light was used as
the shuttlecock. To tell if the button and LED worked correctly, the LED was first connected to
the button on the same Arduino board. When the button was pressed, the LED light would turn
on. The code is given in Listing 2, Appendix B. Arduino has a lot of example code on the web site
and in the Arduino IDE. The code for this test was a composition of the blink-example [7] and the
button-example [6].

The LED and button could not be on the same Arduino board when realizing the project. It was
therefore necessary to connect one of the Bluetooth modules to each of them, where the signals
had to go through the modules. The slave module was connected to the button and the master
module was connected to the LED. The code used for both the slave and master module is shown
respectively in Listing 3 and 4 in Appendix C. This code is a combination of the previous code in
Listing 2 and a code sketch made by Dejan Nedelkovski [41].

When adding the controller to BADDY, the master code has to be implemented into BADDY’’s
programming code. Instead of making the LED lamp light up, BADDY should launch a new
shuttlecock. It can also be necessary to modify the slave code to be able to work without an
Arduino board. If this improvement of BADDY is accepted by the founders, the final code base
will be uploaded to BADDY LAB’s Github page [11] and be accessible for everyone.
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6 Discussion, future work and conclusion

Most of the discussion of improvements and choices made can be read earlier in the report. This
is an overall discussion about how the remote controller fits within the three main goals of the
BADDY project.

e Open-source
e Affordable

e Sustainable

All the work performed on the remote controller has been presented in this report, including 3D-
drawings of the case and software code. Anyone who wants to build this controller can do so. It is
up to the founders of the BADDY project if they want to include the remote controller into their
project and make the controller an addition to BADDY.

Some of the tools used, like 3D-printers and sewing machines, can be quite expensive to purchase,
but it might not be necessary to buy them. The BADDY community already encourages BADDY
builders to contact local Hackerspaces or similar places for loan of equipment and to receive help.

It is also possible to sew the rubber band by hand, instead of using a sewing machine.

Using a breadboard in the hardware of the controller is not the most compact way of connecting
components, but it makes it easy to replace components if they are broken. The two hour 3D-
printing time makes it fast to reproduce the case if it gets broken. The current design of the case
and hardware makes it easy to change the battery, but it could be improved by adding a closing
mechanism designed to easily access the battery. The final case presented in this report, with
one side open, makes the components inside vulnerable to dust as well as there is a risk for the
components to fall out. Therefore, the hole must be closed when playing. It can be done easily

with tape.

3D-printing plastic might not be the best building material for the case. It can be fragile and
easily torn apart if the user lacks experience in 3D-printing and doesn’t have adequate tools.
While playing badminton the player might be careless and eager, and by accident squeeze the
controller so hard that it breaks. Laser cutting parts are already implemented in building BADDY
and this method could also be used to create a controller, but might not be a better alternative
than 3D-printing. It would be hard to create a robust, rounded case that is comfortable to hold
with straight parts. A better alternative might be to create a casting form and cast the case in a
stronger material, like fiberglass. This will create a very robust case, but it still needs some sort
of opening and closing mechanism to get the hardware inside. The opening mechanism can be
created in several ways and the use of screws is one option that has to be considered. It can be

hard to get a robust opening mechanism without screws.

Different alternatives to the HC-08 Bluetooth module have been tested and documented in this
report. All of them could probably work in the end, and which one to use is hard to tell. More
testing has to be performed in order to determine this. The final choice should be based on multiple

factors, of which the price and battery consumption should be one of the deciding factors.

It is not necessary to have the remote controller in order to use BADDY. The controller will be an
extra feature that can be chosen to purchase or create if needed or for fun. It will therefore not be
a part of the original low-cost version of BADDY. Since the controller works as an extra feature to
BADDY it will add some extra cost. This extra cost will be small compared to the more expensive
robots on the market, but the total cost of BADDY will increase.
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If you have built the remote controller yourself, it will be easy to repair and maintain it. If

something breaks, you have built it before and can do it again, which is sustainable.

The actual implementation of the improvement discussed in this report has been left for future
work due to lack of time and necessary equipment. In the future, it is planned to improve the
software behind the HC-08 Bluetooth modules and make it possible for BADDY to communicate
with the controller. In order to do so, BADDY first has to be mounted and tested. The provided
code will have to be modified in order to make the slave module work without an Arduino board
or with an Arduino Nano board. Another part of the future work will be to develop the case for
the controller and make it fit all the requirements this study has provided. It should be more
comfortable to hold, smaller and more rounded, and get an opening mechanism. In order to get
the case smaller, other options than using a breadboard for connecting components are possible.
Using soldering or making a Printed Circuit Board (PCB) would decrease the total volume of the
components, which would lead to a reduction in the size of the case. These are more permanent
solutions than using a breadboard and increases the requirements for the building process and

tools needed. A mistake would not be as easy to undo.

A step by step guide or YouTube video on both how to build the controller and how to use it
should be created. This should be done when the controller has been tested with a BADDY and

the design process is closer to a finished product.

Conclusion

This study has addressed how BADDY, a badminton shuttlecock launcher robot, can be improved
by implementing new additions to an existing robot. Different improvements were considered
and discussed within three focus aspects; security, performance and ease of use. The chosen
improvement was to make a remote controller, and the design process was separated into three
parts; case design, hardware development and software development. The remote controller was
made using a 3D-printer, Bluetooth Low Energy (BLE) technology, and Arduino coding. The
final result still has a lot of potential for improvement and it still has to be implemented with a
BADDY. This will include adding the developed Arduino code into BADDY’s codebase and attach
the Bluetooth module to BADDY’s hardware. The total volume of the hardware components has
to be decreased and the controller has to be modified to work without an Arduino board or with an
Arduino Nano. The case button has to be adapted to the hardware button and an on/off button
should be added. The case should be smaller, more rounded and a closing mechanism should be

implemented.

When a final remote controller, ready for mass production, is presented, the controller will add a
new layer of ease of use to the project. It is no revolutionary, life important improvement, but an
extension that will give people the opportunity to use BADDY in an easier way. The controller
will give players the opportunity to practice their technique better than before, and hopefully, save
some phones from falling to the ground. This implementation will also add new aspects of robot
building to the BADDY project.

The candidates have all intentions to continue the work with this project in their master’s degree
in the spring of 2021. They will improve the remote controller further and follow the advice stated
in this section. If a remote controller with working functionality is successfully provided, it will be
submitted to the BADDY project?.

2The work will be published for future development regardless of the final product state
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Appendix

A  Arduino code for UART commands

Listing 1: Code using UART commands to set up HC08 modules. The code is based on a sketch
made by Jim Lindblom [18]

#include <SoftwareSerial.h> //include library for UART communication

int bluetoothTx = 2; // TX pin of HC-08 Bluetooth Module, Arduino D2
int bluetoothRx 3; // RX pin of HC-08 Bluetooth Module, Arduino D3

//create an instance of a SoftwareSerial object
SoftwareSerial bluetooth (bluetoothTx, bluetoothRx);

void setup ()
{
Serial.begin (9600); // Begin the serial monitor at 9600bps
// Begin The Bluetooth Module, default is 9600bps
bluetooth.begin (9600);
bluetooth.print ("AT”); // Test command
delay (100); // Short delay, wait for the Module to send back OK
bluetooth.print ("ATHRX”); // Check the basic parameters
delay (100);
bluetooth . print (?ATHNAME=HC-MrMaster”); // Change name on the module
delay (100);
bluetooth.print (ATHROLEEM” ); // Change role from slave to master
delay (100);
// Set connect ability so it can be connected, default is 0
bluetooth . print (?ATHCONT=0");
delay (100);
// Binding to slave for secure and automatic connection
bluetooth . print (?ATHBIND=F8,33 ,31 ,A9,CB,D4” );
delay (100);
bluetooth . print ("ATH+RX”); // Check new basic parameters

void loop ()

{

if (bluetooth.available()) // If the bluetooth sent any characters
{
// Send any characters the bluetooth prints to the serial monitor
Serial.print ((char)bluetooth.read ());
}
// If anything is typed into the Serial monitor
if (Serial.available ())

{
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// Send any characters the Serial monitor prints to the bluetooth
bluetooth.print ((char) Serial.read ());

}

B Arduino code for button and LED

Listing 2: Arduino code making a LED lamp turn on when a button is pressed

const int buttonPin = 8; // the number of the pushbutton pin
const int ledPin = 7; // the number of the LED pin
int buttonState = 0; // variable for reading the pushbutton status

void setup () {
// initialize the LED pin as an output:
pinMode (ledPin , OUTPUT);
// initialize the pushbutton pin as an input:
pinMode (buttonPin , INPUT);

}

void loop () {
// read the state of the pushbutton value:
buttonState = digitalRead (buttonPin );

// check if the pushbutton is pressed.
// If it is, the buttonState is HIGH:
if (buttonState =— HIGH) {

// turn LED on:

digitalWrite (ledPin , HIGH);
} else {

// turn LED off:

digitalWrite (ledPin , TOW);

C Arduino code for slave and master module

Listing 3: Arduino code for slave module. The code is based on a sketch made by Dejan Nedelkovski

[41]

#include <SoftwareSerial .h>
int bluetoothTx = 0; // TX pin of HC-08 Bluetooth Module, Arduino DI
int bluetoothRx = 1; // RX pin of HC-08 Bluetooth Module, Arduino DO,

// Rx is not needed since communication is only going one way

//create an instance of a SoftwareSerial object
SoftwareSerial bluetooth (bluetoothTx, bluetoothRx);

o1



#define button 8 // the number of the pushbutton pin
int buttonState = 0; // variable for reading the pushbutton status
void setup () {
// initialize the LED pin as an output:
pinMode (button , INPUT);
//Default communication rate of the Bluetooth module
Serial . begin (9600);
// Begin The Bluetooth Module, default is 9600bps
bluetooth .begin (9600);
}
void loop () {
// read the state of the pushbutton value:
buttonState = digitalRead (button);

// Check if the pushbutton is pressed.
// If it is, the buttonState is HIGH:
if (buttonState = HIGH) {
// Sends message with 'l' to the master module
Serial.print (bluetooth.write('1"));
// Delay needed such that the signal is not sent more than once
// on the time you hit the button
delay (1000);

}
}

Listing 4: Arduino code for master module. The code is based on a sketch made by Dejan
Nedelkouvski [41]

#include <SoftwareSerial .h>
int bluetoothTx = 0; // TX pin of HC-08 Bluetooth Module, Arduino D1
int bluetoothRx = 1; // RX pin of HC-08 Bluetooth Module, Arduino DO,

// Tx is mnot needed since communication is only going one way

//create an instance of a SoftwareSerial object

SoftwareSerial bluetooth (bluetoothTx, bluetoothRx);

#define ledPin 7 // the number of the LED pin

int data = 0; // variable for recived data, starting value of 0

void setup () {
// initialize the LED pin as an output:
pinMode (ledPin , OUTPUT);
// start with LED lamp off
digitalWrite (ledPin , LOW);
// Default communication rate of the Bluetooth module
Serial.begin (9600);
// Begin The Bluetooth Module, defaults 9600bps
bluetooth.begin (9600);

}
void loop () {
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// Enables the bluetooth module to listen
bluetooth.listen ();
// Checks whether data is comming from the serial port
if (bluetooth.available () >0){
data = bluetooth.read (); // Reads the data from the serial port

// Controlling the LED
// If the recived data equals the message for button chlicked

if (data = '1') { // The LED lamp will switch state
digitalWrite (ledPin, !digitalRead (ledPin));

data = 0; // variable for recived data changes to 0
}

}
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