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1.0 Executive Summary



2.0 Project Description

Neon Knights is an advanced laser tag system made to beat competitors in the laser tag
market. In this section you will learn about the basics of laser tag, the background of laser
tag and how it came to be, the motivation behind why we chose this project, similar
projects and products like ours, how ours will be different from them, the goals and
objectives we plan to accomplish throughout this project, the specifications we will strive
to achieve, and the house of quality showing what we plan to improve. This will tell you
everything you need to know about our project, why we chose it, and specifically how it
will work.

2.1 Introduction

Our project Neon Knights is a laser tag system but with added features and our own
which we intend to implement to add a spin on the traditional game. Laser tag is a safe
real-life player vs player shooting game where the objective is to shoot the opponents
before they shoot you. This game is played with handheld devices that look like guns
which are called phasors. These phasors mimic the action of shooting a real gun but
unlike real guns that shoot harmful bullets, phasors emit harmless infrared lasers. These
infrared lasers shoot a light beam that is invisible to the naked eye and when aimed
correctly they hit or more realistically tag opponents that is why it's called laser tag. To be
able to sense if the infrared laser has hit a player they wear infrared sensors that detect
and send a signal out if they have been tagged. These Sensors are attached to a vest and
each sensor is placed strategically in spots like the chest, shoulders, and back to increase
the chance of registering an accurate hit and lower false hits.

This concept of infrared technology is incorporated into a fun and safe player vs player
shooting game that involves using many skills like hand-eye coordination, strategy, and
teamwork to tag your opponent and win the game. This game can be really simple where
it's just a gunfight and you need to tag your opponents but there are endless game modes
and possibilities that can be integrated into laser tag to make it more fun. Some of these
game modes that feature in laser tag arenas include elimination, deathmatch, free-for-all,
capture the flag, king of the hill, and search and destroy. These game modes are
imperative to the game of laser tag as they make it more fun by forcing players to use
more strategy and movement which leads to more and better combat scenarios. Now that
you know the concepts of the game laser tag and a basic understanding of how infrared
laser tag technology works you still need to understand how we intend to implement it
and add our additions to a working laser tag system.

2.2 Background

Many historians believe that engineering is one of the oldest professions to exist.
Engineering can mean many things throughout history but one thing for certain is that it
has been around for a very long time. Engineering started with the very basics of building
useful things like tools or the wheel and this eventually started to get more advanced and
we started making things like pulleys, levers, and the fulcrum. Although these
engineering inventions seem harmless and beneficial for humans some if not most
engineering creations aren’t always positive and are made for other reasons. One main



purpose engineering innovation is used for is warfare as whoever holds the newest
engineering technology whether it’s a bow and arrow, a trebuchet, or even a highly
advanced military plane is the most powerful. One invention that revolutionized warfare
was the gun or rifle which was used to shoot metal at high speeds from a distance
towards an enemy without having to get close.

Although military weapons are one of the main engineering purposes not all engineering
is bad and some very useful things can be invented. Although it took a long time to get to
where it is today in the 1800s one invention came to life the infrared sensor. Around this
time humans began to experiment with infrared radiation and its capabilities using it
mainly for thermal detectors. These detectors became more advanced throughout history
and finally in the 1940’s the first working infrared detector was invented. The technology
for the more modern infrared sensors was only able to come into existence after the
invention of the transistor in 1947. After this in 1966 Texas Instruments created the first
forward-looking infrared sensor which was the entrance to the modern world of infrared
technology. After that technology took over and the infrared sensor became modernized,
and slight improvements have been made until today's time when infrared technology has
many possibilities.

Another invention that was engineered into existence was the light amplification by
stimulated emission of radiation or what most people call the laser. In the early 1900s, the
beginnings of laser technology were coming to life but only in theory. In 1917 theoretical
foundations on lasers were being conceptually established by no other than Albert
Einstein one of the world's greatest physicists, scientists, and some would argue
engineers. The first laser was officially built in the 1960s by Theodore H. Maiman he
developed this based on previous theoretical work at Hughes Research Laboratories.
Since then laser technology has advanced exponentially being used in so many fields like
the medical field for surgery, manufacturing to cut shapes, and even something as simple
as a barcode scanner at your local grocery store. The use of lasers has become readily
apparent in today's world as it is constantly being used, researched, and upgraded daily.
One type of laser commonly used is the infrared laser which is super important in the
world of lasers because it is unable to be seen by the human eye.

In the late 1970’s the United States military decided to mix the warfare of a gun with the
technology of infrared lasers and sensors to create the multiple integrated laser
engagement system called MILES. The MILES program was designed to recreate as
close as possible a hyper-realistic tactical training system in a safe environment. To do
this they simulated weapon systems that comprised 11 systems including rifles, tank
guns, and missiles. The military kept making more modern versions of the MILES
system as time went on including many features one in particular being to make sure that
when players are hit they are actually out of the game and no longer able to shoot or as
some would say dead. The entire purpose of this advanced military training system was
for soldiers to run simulations in a safe environment to practice and get better at their gun
skills to prepare them for real-life field combat.



Although this miles system was used in the early 1970s laser tag was not yet commercial
at that time. The first commercial instance of laser tag was in 1979 when the film
company Star Trek made a toy phasor gun with an infrared laser and sensor. Not long
after that, the first laser tag arena opened in Dallas Texas in 1984 starting the national
trend of laser tag arenas. Laser tag only got bigger and bigger from there “In 2020 the
United States laser tag industry generated an estimated revenue of $315 million”. Laser
tag is a giant industry with many purposes it can be used for anything from advanced
military training, to indoor arenas at your local mall, to a toy that children use. The
background behind laser tag may come from warfare roots but no matter what its purpose
is used for now it's a pretty fun game to play with friends.

2.3 Motivation

Now that we know the history behind laser tag and how it came to be we can talk about
the motivation why we chose this project. In senior design, we are tasked to create a
project that has many engineering requirements, so when we began thinking of projects
we started with the basics of what are the engineering requirements for this project. We
knew we needed to include multiple things like a printed circuit board (PCB), a
microcontroller (MCU), a power supply, hardware implementation, software
implementation, sensors of some sort for Input, and some sort of output. Although these
are not all required and many more things may be required these were some of the
thoughts we had when thinking of a project to build. With keeping all of these
requirements in mind we began to have a very long list of possible projects to build but
something felt like it was missing. We kept brainstorming on projects that would fit these
engineering descriptions but for some reason, we were indecisive and kept coming up
short.

That’s when we got together as a group and decided we needed to add another
requirement to our project to help filter out the bad projects we were less interested in
designing. One requirement our group added was the project should be considered fun.
The requirement to make our project fun was imperative as having a project that the
group is interested in building promotes more work to be completed. That's where we
started thinking and we landed on laser tag because it fits the requirements of the
engineering side while also fitting into the fun category. This is a game that involves
almost all types of skills and challenges; it requires physical activity, hand-eye
coordination, and strategy. Another reason laser tag is so great is because of its age
inclusiveness, social interaction, and competitiveness. These attributes and the skills
involved make it the perfect game to play with friends. These reasons make it such a fun
game to play which in turn is the reason we believe it will be a fun game to build.

We decided to pursue laser tag for our senior design idea because it fit all the hard
requirements set by the professors and it fit the soft requirements we set. Although one of
the main soft requirements we set was that the project had to be fun, many other
requirements were imperative for our design. One of these soft requirements we liked in
our idea was its changeability of difficulty involving the project's functionality and goals.
This means if we are struggling with the project we can keep it very simple by just
making a basic laser tag system but if we find the project easy as we do more research we



can implement an endless amount of ideas to make the design fit the perfect difficulty.
This can give our project unlimited possibilities as we can implement upgrades to the
system as we desire to make the game of laser tag more fun for its users. Another
requirement we had was its demonstrability as we need a project that is easy to display to
whoever is reviewing the project. We also wanted a project with good testability in this
design we can test each part and each system as a subsystem before we implement the
project altogether. This can help because if we test each subsystem beforehand we won't
need to put everything together towards the end of senior design and hope that nine
months of effort will work. With all of the hard and soft requirements being met, laser tag
was the perfect balance and our team is extremely motivated to design this project.

2.4 Project Function

The main game of laser tag is usually played with two main components: a gun or phasor
and a vest or sensors, although often these components are all connected via a wire. The
gun or as some like to call it a phasor for a more futuristic sci-fi theme is fundamentally a
device made to shoot a series of infrared light pulses in rapid succession for each shot.
The vest i1s essentially a bunch of infrared sensors attached to a vest that is meant to
detect the infrared laser from the phasors. In our design, we plan to separate these two
components to build a separate gun and vest that will connect wirelessly and have their
internal parts functionality still work together seamlessly.

2.4.1 Phasor Function

First, we have the phasor or laser tag gun which will have plenty of components that will
function on their own separate from the vest. The gun will be built around a printed
circuit board which will connect to the microcontroller and all of the hardware parts
including the inputs and outputs. These inputs and outputs will all be regulated and
controlled by the microcontroller and the code that is written on it. Some of the inputs
and outputs that will be connected to the printed circuit board and controlled by the
microcontroller would be the infrared emitter, power source, LCD display, trigger, led
lights, reload system sensor, wireless communication module, and maybe a knob for
some input changes. These components will all be used to control how the phasor
functions and will fit inside a 3d printed gun/phasor model.

Inputs are super important in the phasor design as the phasor will rely on inputs such as
the trigger, knobs, reload system, and power source. The trigger will connect to the
microcontroller and using software the input from the trigger will send specific bursts for
the output to control the shooting. This can be implemented together with a knob or input
to control the exact bursts with the trigger like single shot, automatic, or even burst mode.
Using the trigger and knob and some code ran through our microcontroller we will be
able to translate each trigger push and release into the accurate laser output required. One
example would be single fire if the knob is set to the single fire setting we need to only
send out a laser shot when the trigger is pressed so holding the trigger down will not do
anything. This in turn will give the users multiple burst options to choose from when
playing the game of laser tag which is an extra feature that normally doesn't exist in laser
tag systems.



A shooting game wouldn't be realistic without ammunition or you would be able to shoot
forever so we plan to implement an input for a reload system that will give you more
ammunition after you reload the gun. This will be like a magazine on a real gun where
when you reload the phasor can sense the input and then virtually fill the user's
ammunition back up so they can keep firing. The entire phasor will be powered by one
source this could consist of a battery and a voltage regulator or a few AA batteries in
series. This power source has many requirements and is crucial to function correctly or it
could damage the other components or even the users. The power source must output a
minimum of 7 volts to power the entire system and meet the microcontroller's minimum
voltage requirement. This power source will be able to provide sufficient power for the
gun's systems for at least one hour of playtime.

These inputs would connect to the outputs involved in the gun which could include the
infrared emitter, wireless communication module, LCD Display, and RGB LEDs. The
infrared emitter will be the main output and when the trigger is pressed it will emit a
short series of multiple infrared light pulses in rapid succession which will mimic a
singular shot these pulses are needed to increase accuracy and hit rate. The infrared
emitter has many requirements it must follow in order to be picked up by the sensors. The
Emitter must be able to emit infrared light roughly at a wavelength of 940nm and up to
around 40m in any type of bust or pattern required by the settings. Each Microcontroller
must be able to communicate together which is why one of the outputs and also an input
is the wireless communication module this will be able to connect to each microcontroller
and help them communicate with each other.

Now that we have covered some of the outputs of the gun that isn't visible to the players
there are other outputs designed to be specifically for the player's visibility to enhance the
gameplay experience. RGB LEDs will be fitted across the phasor and be able to light up
different colors which could show the users multiple things that are involved in the
gameplay. Some examples that the LEDs could show players is that it could show the
team color or blink red if you have been hit to show you are out of the game. Another
really important output is the LCD display which could show the player information and
statistics about the game while it's running. This display can so many These were just
some of the basic inputs and outputs that our phasor gun could encompass but many more
features could be added. This display can show players how many points or eliminations
they have depending on the game mode. It can also show a player's health and ammo
count to help the players keep track of how they are doing in the game. The display can
show all kinds of things and we plan to have it display whatever is most important for the
players to be able to see. These were just some of the basic inputs and outputs that our
phasor gun could encompass but many more features could be added.

2.4.2 Vest Functionality

Secondly, we have the vest which is a separate design and will have all of its components
connected through the vest. This vest will contain less input and output than the phasor
but it's still a very complicated design because we need to make sure it is easy to wear,
safe, comfortable, durable, and all while being fully functional. On the vest, we will
attach using velcro or some glue multiple infrared sensors in specific locations these



sensors will have wiring that runs through the inside of the vest to connect with the other
components. We will also be attaching haptic feedback motors which will add a vibration
effect to signal to the user they have been hit. That combined with LED strips that will be
attached along the vest to light it up will be the main visible features of the vest which
will all connect through the inside of the vest to the printed circuit board. The other
components that will make up our vest will be all packed together in a durable container
that will be attached to the upper to the middle back area of the vest. In this container, we
will have the wiring from the LEDs, sensors, and haptic feedback motors run into a
printed circuit board that will connect to a microcontroller and its wireless
communication module to be able to communicate with the other devices all of which is
being run by a power supply unit.

Infrared sensors are a crucial part of designing a laser tag vest as not having perfectly
functional sensors will ruin the whole project. These sensors will be run through intense
testing and have many requirements to work inside our vest design. One requirement is to
be able to sense one entire side meaning it can sense lasers from every direction but
where it will be attached from or essentially any location the sensor is visible from. This
will allow the sensor 5 directions of sensing for example this will allow the chest sensor
facing forwards to be shot from the front, directly sideways from both the left and right
side of the player, and directly above and below the player. Although it may change
depending on the type of vest we buy our current vision is to have two sensors on the
front on each side around the abdominal area to register hits to the main body, two
sensors on the top of the shoulders to register hits to the upper body as well as from the
side and back as they will be on top of the shoulder, and only one sensor dead center of
the middle back to cover shots from behind. This sensor layout is optimal for us because
it will register hits from all directions the front and back will pick up the main shots to the
body and the shoulder sensors will allow the players to be hit from any direction as they
will sit on top of the shoulders giving practically 360-degree sensing.

On the outside of the vest not only do we have the infrared sensors but we will have other
really important parts that will enhance the user experience such as including LED strips
and haptic feedback motors. The LED strips will cover the infrared sensors to show
players where they are so they can aim for them as well as cover the perimeter of the vest
to show the entirety of the player. These lights will be able to change color and will
usually be the team color chosen at the start and will flash red when hit to signify that you
are out. The haptic feedback motors are vibration motors that can have many uses such as
vibrating when hit, shooting, or at the end of the game. This vibration adds a feel of
realism to the vest design making it more realistic. These vibration motors will be placed
near the sensors so that when a sensor is hit that motor will vibrate to show where the
player was hit. These motors will run with the wiring of the sensors and LEDs throughout
the inside of the vest so they are not noticeable and are more durable from being
detached.

These wires from the infrared sensors, LEDs, and haptic feedback motors will be run
through the vest and into a small smooth container where the rest of the components will
be held including the printed circuit board, power supply, microcontroller, and wireless



communication module. Inside this box, everything will be connected via the printed
circuit board where all of the wiring from the external parts will come together with the
internal parts to function seamlessly. The input and output running through the printed
circuit board will be controlled by the microcontroller which will take in the inputs and
use the embedded code to output the correct signals. These specific signals will be
outputted using the wireless communication module to the main central computer system.
The entire vest will be powered by one source this could consist of a rechargeable battery
or a few AA batteries in series. This power source has many requirements and is crucial
to function correctly or it could damage the other components in the system or even the
users wearing the vest. The power source must output a minimum of 7 volts to power the
entire system and meet the microcontroller's minimum voltage requirement. This power
source will need to be able to match the gun's play length and provide sufficient power
for the gun's systems for at least one hour of playtime.

So now that we know how the phasor gun and vest work on a technical level how are we
able to incorporate all of these features together into a working laser tag game? In each
gun and vest, we plan to implement a system to connect the vest and gun to allow for
seamless communication between the two. This connection will most likely be done via
WIFI or Bluetooth technology which will allow our microcontrollers to be able to
communicate with each other or more realistically all connect to a master control system.
All of the microcontrollers will connect to a central computer system which will be able
to communicate with each of them at the same time. Once we test to make sure each part
can function on its own we can build the section of the gun or vest and once that section
can function properly all together we can finally connect the microcontrollers and begin
to implement more features. When all of the functionality of a basic laser tag system is
finished we can begin to test our design and implement more software technology into
the design of the gun and vest to add more game modes and some extra features to
intensify the realism and make it more fun to play.

2.5 Product Research

Have you ever played laser tag whether it's at a specific place for laser tag or in the back
room of an arcade you probably had fun but did you ever think to yourself why couldn't
this technology be more advanced or easier to use? You may have thought why does the
gun need to be connected via a thick wire or why does the vest feel like I'm getting ready
to go scuba diving? In general, most laser tag places have a cheap laser tag system that’s
not very user-friendly. We decided to try and fix some of the main issues involved with
them and add our spin to it to make it more fun for the users. The first step to improving
our system is to research similar products available on the market and see what they did
to learn from their achievements and the mistakes they made. Next, once we have gone
through other similar products we can focus on implementing the best features from each
one and start to brainstorm ideas to add to our design. In general laser tag comes in all
sorts of shapes and sizes and each one is different from the last doing some research will
give us a general idea of what needs to be done and will give us more ideas of all the cool
features we can add to make our design unique and stand out in a world of basic and
boring laser tag systems.



2.5.1 Product Contrast

Laser tag is a very modern idea with an almost endless amount of products available on
the market. Not only have there been other products on the market but even multiple
other projects have been made in senior design at UCF using a laser tag system. These
projects will be helpful for us as we can use them for information on their process to
learn from their mistakes and achievements. That being said, our project will not be a
copy of an existing design and we will think of more ways to incorporate new ideas and
designs into the game of laser tag. Including our design each laser tag system has some
sort of contrast from the next and we need to be able to understand the differences in
scale of our design vs other products to help focus the improvements that we intend to
make.

When you first begin to research laser tag products you usually get two types of products
although some fit between the two usually laser tag is either a cheap toy-looking model
meant for kids to play with or an expensive and hyper-realistic model that is more suited
for adults and is focused more on realism. That being said our product is going to fit into
the realistic category as much as we possibly can so our research will be limited to
practical models to help us learn more about what makes them so good. These models
come from all sorts of websites and are for the most part extremely expensive most being
between 1,000 to 2,000 USD. Although our design will be more advanced than the laser
tag toys on the market these realistic models online have some features that we just don't
have in the scope of a senior design project. Some features that other products have that
will be more advanced than our system will be the gun model, the triggers, and overall
system cohesiveness and usability.

It's very hard to compete with a large company that has multiple workers who are hired to
specifically design laser tag systems and custom-made parts in a factory that has had
years of testing done to it. With all these things said it's going to be obvious that our
senior design product will be inferior in some components when compared to other
online products. One feature we won't be able to implement to a degree of custom
factory-made parts is cohesiveness and usability. With custom-made parts that are molded
in a factory you know that what you are buying will have certain quality standards and
durability. These parts are all designed to fit perfectly together making sure to leave no
gaps in the gun sections and everything will fit together flawlessly. The trigger will move
smoothly without getting stuck or having any major errors and the gun will be a perfect
size and easy to hold and use. These examples of design constraints are just something
that isn't realistic to mimic unless you are forgoing a major production line. This makes it
hard to compete on a small-scale project when we are 3d printing everything ourselves
for the first time with little experience. That being said it is imperative to know your
strengths and weaknesses our plan when building a laser tag system was never to
out-produce other similar products but to beat them in other aspects of the design such as
having more user-friendly features and better game modes to play which in turn will
make our design more fun for users to play.



2.5.2 Similar Products

Knowing your competitors is super important in the world of business and when you are
designing a new product you must always be aware of other products and their
specifications. Some of the most important things to note when looking into similar
products are their specific features and their exact component specifications. Specific
features are really important to research and it is imperative to understand them and why
they are implemented into the design. Exact component specifications are imperative to
examine as you need to try to make sure your product can match those features. To get
the most amount of information possible for our project we will be going over the most
relevant laser tag designs such as the Military MILES, advanced laser tag products,
cheaper laser tag toys, and even past UCF senior design projects.

MILES: Multiple Integrated Laser Engagement System, 1970/2010

The United States Military created the MILES in the 1970s an advanced laser tag system
designed for military training. In 2010 a paper was released by the US Army Program
Executive Office for Simulation, Training, and Instrumentation (PEO STRI) about the
performance specifications for MILES. In this paper, they cover a lot of useful things
about the MILES including safety features, specific specifications, and environmental
changes. This paper goes into many specific environmental conditions and how they
could affect the system for the main part they were all fairly simple but what I did find
interesting was depending on the temperature the range of the weapons can differ by
around five percent. Another very notable thing was the ranges themselves with the
shortest guns being 550m and the longest being 1500m that distance is an extremely good
standard being able to hit an enemy from almost a mile away. Overall one of the most
interesting parts was the safety although it isn't like the specifications where they give
you numbers they do talk about all types of safety measures that this system integrated
into their design.

Laser War: Professional Laser Tag Equipment

Laser War is a professional laser tag equipment site that builds and sells anything related
to laser tag. While researching different options to see which online laser tag equipment
seller had the most advanced system this was the one that stood out. Laser War sells
everything including up to seventy-five different types of guns ranging from pistols,
SMGs, ARs, snipers, shotguns, and even rocket launchers. This website has high-tech
laser tag technology which brings with it an amazing product and great specifications.
Although each gun is different in terms of specifications they are all fairly similar in
standards for the most part. One standard is battery life Laser war products have an
amazing battery life with over twenty-four hours of playtime minimum for most guns.
That combined with an amazing range of 100m on their pistols and up to 400m on their
snipers are some great specifications for a laser tag system.

In general, the products that they sell have very high-quality materials and great
specifications to go along with them not only that but they have an amazing user interface
as well. The user interface has many cool technologies and advancements including
online statistics, remote controls, a mobile app, and personal game servers. These features
that Laser War has are well designed and with their great specifications, they make a
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quality product. Although you may be thinking everything sounds great quality products
come with a more expensive price tag. Laser war weapons can range from roughly three
to seven hundred dollars per weapon and most good features you want with your weapon
cost extra to add on. Overall a lot can be learned from Laser War and its products
including setting a high bar for our design to attempt to match their specifications and
overall business information in the world of laser tag.

Ammo Gear: Amazon Laser Tag Toys

When searching for a cheap product that will get the job done where better to look than
Amazon. Amazon carries a great quantity of cheaper laser tag products from varying
companies and prices can range from roughly fifty to two hundred dollars. These
products are all fairly similar containing four guns usually pistols and four vests usually a
single sensor and a band. These guns are designed to fully look like toys and are made
that way to be sold to a younger audience of kids. These can come with some interesting
features some of which are very similar to the more advanced systems such as teams,
ammunition, health/player lives, vibration motors, LEDs, fire rate, and others. These
features are pretty simple but important for the gameplay of laser tag. The specifications
of these systems are where it gets interesting the range is 150 feet which seems small
compared to the advanced systems. Although it seems small 150 feet is still pretty far and
most laser tag games are not played at such far distances overall it can shoot fairly far
away for its price tag.

Researching cheap toys is a great way for us to set a minimum standard in some areas of
our design. This can help us gauge what is feasible to accomplish in our design. Although
we may not have the minimum set for the specifications of our design to be as good as
the toys in every aspect we will strive to at least match them. This means that our design
should be able to accomplish everything that a cheap laser tag toy can do and much more.

Let’s Have a Blast: UCF Senior Design Project, Fall 2018-Spring 2019
Researching a former UCF senior design project is extremely helpful as we can learn so
much from what they accomplished and the struggles they had. However, since we can't
see what the final design looked like or the specific specifications they managed to
accomplish in their project it helps us set a standard for what we should achieve at
minimum. Some specifications they had are fairly similar to ours with 1-hour battery life,
20 feet range, 95 % accuracy, and 2 game modes. However, after looking at their design
and comparing it to what we plan to accomplish I believe that we will be able to beat
them in almost every aspect. That may sound like a bold claim but this is mainly because
of how we plan to focus our project more to enhance those specifications.

Firstly one reason I believe that our design will be able to beat the range and accuracy of
their device is because of our gun design and size comparison. They decided to make
their gun a small pistol and tightly fit all the components inside which has its advantages
in its portability and minimal size but this however will see a sacrifice in their
specifications. Our design however is going to fit inside a larger gun which will take
away from the portability of a smaller gun but in return will give us more room to
improve our specifications. Having this room in our design will give us the freedom to
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adjust the gun lens and beam width to make our infrared beam stronger and have more
range and accuracy. Overall this will give our design the edge in the specifications of
range, accuracy, and overall emitter efficiency.

Another specification that we should be able to beat is game modes and gameplay. In
their design, they focused in my opinion too much on the user interface of the gun itself
giving it buttons to control game modes and overall all these features that could just be
controlled from the computer they all connect to. They also went through the effort of
designing an app to access and control the gameplay when we find it easier to just save
the time and effort of doing that and make all those features controllable by the master
control computer. All this time that we can save by not adding these features will be put
into designing game modes and improving the gameplay.

Some other notable features that they included were an accelerometer and gyro these
features are used so that when the gun is pointed downwards it reloads. Our design
however will have a magazine that will be able to be attached and detached from the gun
and sense that to reload the weapon. They also included in their design a speaker to make
sounds when firing and hit which we will not be including because it feels unnecessary
for our objectives and goals. Another feature they included was a buzzer which seems
like it is completely unnecessary and would get annoying at times.

Overall this project was extremely well-designed and was a good read into what we need
to think about for our project. While reading their project paper we saw some really
interesting and specific things we had not considered in our design so learning about
them will greatly help us. Their design was completely different focusing mainly on the
portability of the gun by making it a small minimalistic design and having a fully
functional user interface in the gun and with a mobile app. Our design however will be a
larger upgraded version of this design including some of their features but in a bigger
model to increase specific specifications. Taking that into account they did an amazing
job with their project and we hope that our project can build on what they have
accomplished.

2.5.3 Design Variations

Now that we have given you some examples of laser tag products you may be wondering
are you just making a copy of already existing products and designs? No, we are not we
intend to implement features of our own into our design and see how far we can advance
the game of laser tag. These features we intend to implement all stem from improving the
game of laser tag by making the gameplay more fun to play and user-friendly. When we
decided to make a laser tag game we liked the idea because of its extendability if we
come to realize that building a laser tag system is more advanced than we anticipated we
will not be able to add all of the features we intend to. However, the opposite is also true
if we can build a functional laser tag system with ease we will try our best to implement
all our features and possibly even add more as we go along. Overall these design
variations are more just general ideas that we hope to implement as many as we can into
our project to improve it.
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Fire Rate is extremely important in any sort of gun game including laser tag. The fire rate
modes will include single fire, semi-auto, full-auto, and burst mode. These will change
how the gun is shot and affect how the player plays the game. Most laser tag games are
played with single fire but having the option to change can add some more variety to the
game. Single fire will shoot a shot every time the player presses on the trigger and will
only shoot another once the trigger is released and pressed again. Semi and full auto are
very similar and will be activated whenever the trigger is held down until it's released the
difference between the two is how fast it fires bullets. Burst mode like auto will be
activated when held down but will shoot a quick fire of three shots then pause then shoot
three more this will go on until you release the trigger. These features can be inputted by
a knob on the gun or on the computer before the game and are fairly easy to implement
using code. Having these features can make the game more interesting but watch out the
more bullets you fire the more you will need to reload.

Any advanced gun system isn't complete without a functioning reload system or else you
can just shoot forever making the game less challenging and fun. In our design, we plan
to implement this reload system into our 3D gun design by giving our gun a physical
button to hold down which will release the magazine allowing players to pull it out and
reload it. This will be completed with a sensor that will detect if the gun magazine has
been pulled out and when it's placed back in. Connecting the input to some code on the
microcontroller is fairly easy and will give our gun a fully functioning reload system. The
hard part of this implementation is making sure the 3D-printed gun dimensions and
buttons are perfect and allow for a clean fit of the magazine and a smooth reloading
process.

Difficulty levels can greatly change the user experience of laser tag depending on who's
playing it. Let's assume you let some kids play with the laser tag system if you make the
width of the laser really small they will never be able to aim perfectly at the vest's exact
sensors to be able to register a hit and they will have no fun playing the game. However,
if you make the beam really wide they will have way more fun and register more hits on
their friends. Now if we give the laser tag system to a group of weapon-trained adults and
leave the width wide every shot they take will be a hit and nobody will be having fun
playing. This feature will allow you to change the difficulty level of how hard it is to
shoot someone to make the game more user-friendly for all types of ages and skill gaps.

In our design, we plan to implement a difficulty mode which will make it easier or harder
to aim the weapon depending on which mode you choose to shoot a target. To implement
this concept we plan to change the size of the beam coming out of the gun bigger being
the easy mode making it more likely to register hits and smaller being the harder mode
which will register fewer hits. Implementing this feature could be done in multiple ways
which is going to be extremely hard and will require lots of testing. One way we could
implement this is by using a motor to move our infrared emitter closer or further away
from the lens which could focus and unfocus the light to make the beam width smaller or
larger. Another way we could do this would be inside the barrel to have a mechanism that
will tighten or loosen the hole that the light comes out of to change the size of the beam.

13



These options could have different effects on the laser tag system as a whole including
range and accuracy which we need to take into account to see which option is better or
easier to implement. These options could both theoretically work but since we have no
experience in optics and this isn't a feature that is common in most laser tag systems we
expect it to be difficult to implement. However, we believe with lots of testing on
different lenses, distances, and hole sizes we will be able to change the size of the
infrared beam and add this feature to our project. Having multiple difficulty levels can be
extremely important in a laser tag system as not every person plays the game the same
and can change the user experience.

Shotgun mode builds slightly upon the difficulty level feature but with some more added
things. First off the beam width will be increased quite a lot which will give the player
using the shotgun a wider range to shoot and hit a target. However, this comes with some
setbacks shotguns will have a range and damage feature so when you shoot your
opponent from a far range it won't do much damage. The shotgun mode also will hold
less ammo, and if we can implement it without worsening other features even add a
pumping action between shots. We can also use these features to try to implement
different types of weapons with all sorts of cool features. This will give the users more
options to choose from when deciding what gun they want to bring with them onto the
battlefield.

Implementing these features is easier said than done and we will need multiple things to
work to be able to add this feature into our game. First off we will need the difficulty
feature that will change the width of the beam to function properly to mimic a shotgun's
wider hit area. We will also need our infrared sensors to be able to read different light
amounts to be able to see roughly how far away the shot was and adjust the damage done
accordingly. These are not simple to implement and we will only know if it will work
once we start testing. However, we believe that although it may be difficult it's still
possible and we will try to implement this to add another cool feature to make the game
more enjoyable.

This concept of adding accessories to make some minimal user-friendly features is fairly
simple and relatively easy to implement but we have to weigh which are worth the effort
and price to add. Red Dot Sights would be a cool feature to add to our gun which would
implement a screen on a sight to display things including a red dot where the gun is
aimed to help the player aim at the opponents. A simpler version would be a sight
without the fancy holographic to save money and time on things that are more important
in our project. Other accessories that could be added could be grips, lasers, flashlights,
and some others.

2.6 Objectives and Goals

The main objective and goal for this project is to engineer a working laser tag system that
can replicate the dynamic experience of playing laser tag. By utilizing modern infrared
and sensor technology, we will be able to accurately detect “hits” between the user and
record the data. Some small goals and objectives are listed below.
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Overall Final Objectives

e Build a working laser tag gun that emits infrared lasers.

e Build a working vest that can detect infrared lasers.
These overall final objectives are overarching goals that we need to achieve to complete
the project. These goals can further be simplified as listed below.

Laser Gun Objectives
e Utilize an LCD display to show information about the game and gun.
e Emit infrared lasers to shoot at other users.
e Be able to properly reload and reset the amount of bullets in your gun

Vest Objectives
e Utilize sensors to detect whether you were “shot”.
e Give feedback to throw vibration motors to tell if you were “shot”.
e Record data and show where you were “shot”.

Stretch Objectives
e Transmit the data to a computer to report on fatal shots or unfatal shots
e Replicate a recoil system for the laser guns
e Connect through wifi or Bluetooth.

2.7 Required Specifications

This project requires many specific specifications in order to fully function together
properly. Making requirements on these specifications can help us set minimum goals for
what each component must achieve.

Table 1. Table of Specifications

Specifications

Vest The response time from the sensor receiving | > 1 second
Response | the infrared light to the system outputting that

Time it registered will be less than 1 second.

Trigger The response time from the press of the trigger | > 1 second
Response | to the activation of the infrared laser will be

Time less than 1 second.

Infrared The system will be able to accurately detect at | < 80%
Receiver | least 80% of the hits that are aimed properly
Accuracy | at the receiver

Battery The battery will allow at least 1 hour of | <1 hour
Life playtime

Areas of | The laser tag system will consist of at least 3 | <3 areas of hits
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Receivers | areas of hits per vest unit

Battery The battery will be able to output a minimum | <7 volts
Voltage of 7 volts

Infrared The infrared lights are expected to emit light | 940 nm
Lights

at a wavelength of 940 nm

Motors The motors will be able to spin at a rate of | <16000 RPM

16000 RPM at 3 volts < 3 volts

2.7.1 Hardware Specifications

A Microcontroller Unit (MCU) and a designed PCB are required for the laser gun
and vest.

RGB LED with an RGB Controller will also be added to the laser gun and vest.
Both the vest and laser gun will have a WIFI/Bluetooth module in the PCB with
an antenna to receive the signal.

The vest will be equipped with an Infrared receiver so that it can be able to detect
when the laser gun has hit it.

In addition, the vest will have a Servo Motor Controller to operate the vibration
motors; this will be useful in alerting the user when they have been hit.

Both the gun and vest will utilize a battery as well as a voltage amp that will make
up the Power Supply Unit (PSU). The battery life of each system is estimated to
be 2 hours.

The laser gun will be equipped with an LCD display to show the user data

A trigger button, recoil buzzer, and reload button will also be equipped onto the
laser gun.

Wifi/Bluetooth module to allow seamless communication between the vest and
laser gun

2.7.2 Bluetooth Specifications

Bluetooth version: 2.0 + EDR (Enhanced Data Rate)

Frequency: 2.4 GHz ISM band

Modulation: GFSK (Gaussian Frequency Shift Keying)

Transmit power: Class 2 (up to 4 dBm)

Sensitivity: -80 dBm typical

Range: approximately 10 meters (or 33 feet) in open air

Profiles supported: SPP (Serial Port Profile), HID (Human Interface Device) and
others

Operating voltage: 3.3V to 5V DC

Operating current: less than 50mA

Standby current: less than 2.5mA

Sleep current: less than 1mA

Interface: UART (Universal Asynchronous Receiver/Transmitter)
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e Baud rates: 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200, 230400, and
460800
e Operating temperature: -20°C to 75°C (-4°F to 167°F)

2.7.3 LEDs Specifications

e Superior weather resistance

Smm Round Standard Directivity

UV Resistant Eproxy

Forward Current (IF): 30mA

Forward Voltage (VF): 1.8V to 2.4V
Reverse Voltage: 5V

Operating Temperature: -30°C to +85°C
Storage Temperature: -40°C to +100°C
Luminous Intensity: 20med

2.7.4 Hardware Flow

The overall system for this laser gun project will consist of the basic necessary
components such as an infrared emitter, infrared receiver, microcontroller unit, and LCD
screen. But it will also consist of other components such as buttons, RGB LEDs, buzzers
for gun haptic feedback, motors for vest haptic feedback, and a wifi/Bluetooth module.
These components will help enhance the gameplay of the laser gun game and also
provide haptic feedback to the user to enhance the realism of the game. Each component
can be further researched and explained thoroughly about its purpose in the project
through this document. The figure below shows a flowchart on how each component will
interact with each other and the work distribution between each of the members of this

group.

The hardware flowchart can be easily explained by splitting it into two major parts of the
project and different major components in each part. The two major parts of the project
consist of the laser gun and the laser gun vest that each player will have and utilize to
play. Both of them will communicate with each other to allow the user to better
understand the situation or what is currently happening in the game. The wifi/Bluetooth
module will assist in allowing communication between the vest and the gun and will
allow the separate entity to become one complete system instead of two different entities
operating by themself.

The laser gun hardware’s flow can be better understood by examining the different
expected outcomes due to specific actions across its components. Such components
consist of the trigger system, central PCB, power supply, and IR emitters. The trigger
system is very pivotal due to its important role in initiating the laser gun’s firing
mechanism. Which upon activation will send a signal to the IR emitter to emit a laser
beam for detection by the target’s vest. This will be achieved by adding a button to sense
the trigger mechanism and send a signal to the MCU to activate the firing sequence. Also
to enhance the user experience and simulate a more realistic firing mechanism, the gun
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will contain a feedback mechanism such as a buzzer where its goal is to simulate or
mimic the recoil and tactile feel associated with a real firearm. Additionally, the LCD
display and RGB will further enhance the gameplay experience by visually enhancing the
gameplay and the LCD display screen adding and providing critical game-related
information therefore keeping the user informed of their current status and the status of
the game. And finally, the integration of the Wifi/Bluetooth module will allow seamless
communication between the gun and the vest ensuring an interactive experience with our
product. This connection between the gun and vest will be crucial to allow the experience
to feel smooth and ensure no lost information when using the product.

The vest hardware’s functionality is very similar to the laser gun hardware, with various
connected components that will allow and ensure a smooth and integrated experience
when using the product. The key components in the vest hardware flowchart include the
power supply, Wifi/Bluetooth module, infrared receivers, RGB LEDs, and haptic
feedback mechanisms. The main component in the vest is the infrared receiver as they are
critical in detecting when the user is “hit” by the laser emitted from the laser gun. Upon
receiving a signal by the emitter the sensors on the vest will relay the information to the
MCU in which the MCU will process the data to determine the status of the game and the
user and whether the game will continue. In addition to the calculation of the status of the
game, the haptic feedback mechanism will also generate tactile feedback simulating the
experience of getting shot. Also, the RGB LEDs on the vest will also provide a visual cue
to being shot to not only the user but also to other users around you therefore enhancing
the immersive aspect of the game. Furthermore, like the laser gun hardware flow chart,
the vest will also contain a Wifi/Bluetooth module to facilitate communication between
the vest and the laser gun. This addition will be crucial in allowing the vest and guns to
register hits and ensure a smooth connection and experience when using the product. The
combination of all these components will help deliver a seamless experience and aims to
create an engaging experience for the user.
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Figure 1. Laser Gun Hardware Block Diagram

Power ——
Communication | o)
Contact —

Action Triggers

Laser Gun
LCD Display
RGB LED
I
PCB
RGB
Controller

- Infrared

Emitter

Gun MCU
| WIFL/
Bluetooth
[

| Trigger
(button)
Atenna f-—t
Reload
T All Blocks are
Currently To Be
Acquired
Figure 2. Vest Hardware Flowchart
Vest
Vibration
Motors
i
PCB
| Legend |
Power a—
Servo Motor
Communication | g CaRieaaT,
Contact a—
i
Infared RGB
veaehicy e | roaien
L §
WIFI/
Bluetooth | |=—
PSU |
Battery Voltage Amp |
Atenna [ All Blocks are
| Currently To Be
| Acquired

19



2.7.5 Software Specifications

e The software will be able to start or power up the system.

o The software will be written with different game modes which will control
individual elements of the game.

e Be able to access and control the inputs and outputs from the main hardware
devices.

e Hold information like a player's ammo, health, team, and much more.

e The software will be able to run tests on each individual device to make sure it's
functioning correctly.

e Have functioning delays and timers for integrating the inputs to be able to control
the output's timing correctly.

e Interrupts or checks for when the inputs detect and are able to sufficiently output
the results.

e Be able to receive information from multiple sensors and process their
information

2.7.6 Software Flow

For our laser gun design project, there will be a software program running in the
background that will decide the status of the game and also relay any information about
the game and the player’s situation at the time. We will use a microcontroller to
communicate between the different hardware components and relay the information
gathered by the components to the program. The figure below will show how the
software will process and receive all outside information and how to proceed based on
the gathered information. The flow can be described starting with the game, where all
starting information will be loaded onto the screen on the player's gun. Afterward, it will
initiate all outside components such as sensors, emitters, or motors needed for the game.
In which the game selection screen will be then loaded onto the LCD screen in which the
player or players will decide what game they will play. At this point of the software it
will be split into two different running codes in which one will be the laser gun itself and
the other will be the vest that the players will be wearing. The software for the gun will
start with the basic waiting for a trigger press in which it will check if the magazine of the
gun is not empty and then proceed to shoot using the infrared light emitter. The IR laser
will then activate the sensors on the vest if the player is hit by the light. Based on the hit
it will calculate the health of the player and if the player still has enough health to
continue playing the game. If the player health reaches zero then the game will end and
the player will have the option to restart and play again.
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Figure 3. Software Flowchart
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2.8 House of Quality Analysis

This House of Quality diagram is a chart that represents the engineering requirements,
arketing requirements, and their relations with each other. This diagram assists us in
analyzing the comparisons between the different requirements and specifications required
for our project. And also connects and describes their relations with each other through
the varying degrees of ranking such as strongly negative, negative, positive, and strongly
positive correlation. Each of these varying degrees of correlation connects two
requirements and represents how they influence each other when analyzing all the
engineering and marketing requirements and also all the different specifications. Also
excluding its usefulness in showing correlations between different requirements and
specifications it also shows the different priorities that each requirement contains. As we
further research the steps and requirements for our project we need to understand which
requirements take priority in importance as compared to others. And the amount of
sacrifice we can make to improve another requirement that contains a higher priority as
compared to other requirements. The direction of the polarity also matters as it shows
whether a higher number or a lower number means better improvement when researching
the requirement.

Marketing requirements are important requirements that would be required to be
considered when trying to place the product onto the open market. As such one example
of a marketing requirement is the overall total cost of the product. The cost is a major
component of a marketing requirement because if the overall cost is not appealing to the
regular consumer then the product will easily fail and not be successful when placed in
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the market. Another marketing requirement could be durability, user-friendliness, and
easy maintenance. Each one of the marketing requirements places the bottom line
requirement to be successful when placed in the open consumer market. By developing
and establishing each requirement in the beginning then we will be able to establish clear
long-term goals and short-term goals when proceeding with the project. Also when
researching what parts we will utilize for the project we will compare them with the
marketing requirement to make sure that the components purchased for the project will
be able to accomplish the requirements needed.

Engineering requirements represent the different engineering specifications and goals that
we have established for the project. For instance, sensor distance is one of the
engineering requirements that we decided to focus on since the laser distance would
allow ease of use and also be easily demonstrable while doing a demo. Each one of the
requirements or specifications mostly focuses on hardware or software components of the
project and certain aspects that can be seen when using the product. This is still vital to
the project to establish a starting point and a bare minimum that we will try to accomplish
when working on the project. Some of these engineering requirements can also be
compared to other similar projects or products that can be found in the market. Therefore
we can set a bare requirement that can properly set goals to achieve so that our product
can be better than others in the market. This is largely important when companies review
possible products that they will research and develop. Especially when they are
competing against other companies that are making similar products as the one they are
developing. Also, we will compare the engineering requirements to the components we
will be researching to ensure that the components researched will be able to accomplish
the engineering requirements and also be able to compare components to decide which
one is a better fit for the project by utilizing the House of Quality diagram to show which
requirement should be prioritized when researching for components.

In conclusion, the House of Quality helps establish marketing and engineering
requirements that should be used to strive and accomplish when making the project. This
is important for companies to consider when making their projects due to the importance
of being successful when placed in the market. Also when working on our project we will
analyze the House of Quality to ensure that we accomplish all the requirements we
establish when researching and starting the project.
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Figure 4. House of Quality
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2.9 House of Quality Breakdown

The House of Quality is meant to establish proper requirements for the project. In for
each project, they all need particular requirements unique in their own situations that will
be reflected onto the market and different engineering specifications. Overall these
requirements will establish a basic starting point and goals that we need to achieve when
researching and developing our project. Of course, since these are just bare minimum
requirements, the overall goal should be trying to strive higher than the bare minimum
established in the house of quality. Therefore, the House of Quality will establish a very
solid foundational goal for our project but it is in our best interest to improve to achieve a
better product than other products similar to our own.
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2.9.1 Engineering Requirements

As seen before, engineering requirements establish the basic hardware and software
expectations for our project. These requirements highlight the goals that we established
for our laser gun project and define specific targets with numerical goals that would
ensure the success of our project. For our project, these engineering requirements were
necessary to establish certain specifications to achieve when we demo the final product
for our laser gun project.

1.

Vest Response Time: The vest response time is very important to make sure that
the constant flow of the product is ensured. The time between the sensor receiving
infrared light and the haptic feedback motor or the MCU receiving the input from
the sensor is vital to keeping immersion realistic. Also if there was a delayed
response time then the user could possibly be in the game longer than we wanted
due to the delayed response time. Establishing a goal to achieve for the response
time will ensure that the immersion and experience will be upheld when creating
the project.

Trigger Response Time: Ensuring that the trigger response time to the infrared
emitter is short would help achieve a more enjoyable user experience. Shortening
the response time would allow the user to feel more involved and prevent any
issues where the laser gun feels unreliable and not precise when playing. Also, the
response time for the button on the trigger should be kept short to prevent any
delay issue or caching issues when considering commands sent to the MCU and
the MCU sending commands to the infrared emitter.

Start-Up Time: Establishing a start-up time goal, will ensure that the user will
not have to unnecessarily wait for the whole system to boot up. If the start-up time
for all the sensors emitter and other components in the project takes too long then
the user will have a poor experience. This will also make the whole product seem
professional as there isn’t a weird stop in the flow of using the product.

Amount of Receivers: The number of infrared receivers would help assist and
ensure precision and reliability when checking if the infrared emitter successfully
hits the user. By increasing the amount of receivers you can ensure that the
reliability is high. But at the same time if you increase the amount of receivers it
would also increase the price of the overall project.

Battery Voltage: Many of the components on the project need to be battery ran.
So by ensuring that the basic amount of voltage is achieved by the battery then we
can ensure that the battery would provide enough voltage for all the components
used. Also when comparing compatibility with the components to the system we
can ensure that there is enough voltage to utilize the component.

Infrared Light: Infrared light is a major component of the engineering

requirement for this project. It is important that all the light used for the project
contains the same wavelength to establish a proper connection from the emitter to
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the receiver. Also is very important if we code bits into the infrared light to send
information through the laser beam.

Motors: It is important to establish a required speed for the motors used for
possible haptic feedback on the vest. If the motors are unable to spin fast enough
to cause a vibration due to an offset weight then the user will not be able to feel
the haptic feedback whenever the receiver senses the emitter infrared light.
Therefore lowering the user’s experience when using the product.

User Count: Since the laser tag system is made for multiple users it is very
important to establish a bare minimum amount of players needed to use the
product. This would largely increase the marketing expectations and also increase
the user experience when using the product.

2.9.1 Marketing Requirements

Similar to engineering requirements, marketing requirements help define and establish
what consumers and the possible market desires from our project. This helps create
requirements and specifications that we need to accomplish to be able to apply our
product to the market and become successful. Some examples of requirements include
cost, durability, and portability. For this project, these marketing requirements are
necessary to establish a good foundation for a good product to present for our laser gun
project.

1.

Durability: The durability of the overall product is a very important requirement
that we need to consider when researching and developing our project. With the
expectation that our project will be used outdoors and in very intense and rough
situations, the durability of the product will determine the user's experience. It is
expected to be able to handle low to medium impacts and also function in varying
different environments and conditions. If the product isn’t durable enough then
the user's experience would be largely affected since as a result, you would have a
faulty product that can’t be used in the expected situation. This would largely
affect its capability to succeed in the open market therefore making it a very
important marketing requirement when discussing, researching, and developing
this project.

Multiple Game Modes: For this project, we decided that the bare minimum
amount of game modes for our project would be at least 2. This would allow the
user to experience multiple different ways to play and utilize our product. Also
making the marketing of the product more appealing to consumers. As such
having multiple game modes is an important marketing requirement since it can
make our product more appealing as compared to other products in the market
where there is simply just one way to use the product.

Cost: Similar to durability, cost is a very important marketing requirement for the

overall product and something that we need to consider when researching and
developing our product. This not only affects the users that use our product but
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also our members developing the product. This also affects the research of
components necessary for the project as the cost-effectiveness of certain
components would be considered when compared to other components. Also by
having the overall cost of the project lower than other competing products in the
market, it would increase the appeal to the consumers if and when the product is
released to the consumer market. As a result, the cost is a major aspect of
marketing requirements that need to be considered when working on this project.

User Friendliness: Ease of use is an important marketing requirement that needs
to be considered when producing and developing the product. Having a product
that is confusing to use makes a lesser appeal for the product when placed in the
consumer’s market. Making the overall system easier to use for any new user
allows it to succeed when released into the market making it a marketing
requirement that we need to include in our house of quality. Understanding the
importance of making our product easy to use helps assist in improving our
product and making it the best we can as compared to other similar products in
the open market.

Portability: Portability plays a similar role to user-friendliness in ensuring that
the user has a good experience while using our product. The portability ensures
that all users will be able to use it in an efficient and enjoyable way. A product
design that is too heavy or too small will affect the overall experience of the
product. Also, this marketing requirement will also affect the overall design of the
product due to every single component of the project will affect the portability of
this project. Hence this is an important requirement that needs to be considered
when researching and developing components of this project.

Ease of Maintenance: The ability to maintain and clean the product is an
important factor that many other products ignore as an important aspect of their
product. This one factor is affected by many other marketing requirements such as
portability, user-friendliness, and durability but at the same time is still an
important factor by itself. If the product experiences any bugs or issues when the
consumer uses the product then it should be able to quickly reset itself or solve
the obstacle that it experiences by itself. There are many products in the real
world that fail at this aspect requiring the user to contact assistance from the
company. This experience can lower the overall expectation and demand of the
product in the real-world market.
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3.0 Research and Investigation

Research and Investigation play a pivotal role in large-scale projects such as this. It is
particularly important when evaluating technology decisions. We must compare and
contrast the pros and cons of the tools we plan on using to aid our project. In doing so we
must make informed decision making, risk mitigation, and optimized performance.

Research allows our team to make informed decisions. When comparing technologies,
thorough investigation helps identify the most suitable tools, frameworks, or languages.
By understanding the pros and cons of each option we can choose the right tools that
align with our project goals, scalability, security, and requirements. Large-scale projects
such as this often time involve significant dedicated investment of time, resources, and
money. Research helps mitigate these risks by discovering new, cheaper, and more
efficient options. Researching our software technologies will provide insight into their
community support, stability, and long-term support. By taking into account the risk in
each choice, we are able to make strategic decisions that minimize impacts. Research
allows us to evaluate performance and real-world use cases. Investigating software
technologies will help determine their responsiveness, efficiency, and portability.
Selecting well-performing tools will allow us to develop quicker, troubleshoot efficiently,
and give us the option to optimize the system in general.

3.1 Technology Comparison

Comparison is a great way to evaluate the differences and weigh the advantages and the
disadvantages. Therefore, before development and prototyping having a well-thought-out
overview of what works and what doesn't.

1. Technology Evaluations: Technology evaluation for software research can help
us the right programming languages, libraries, and frameworks for our laser tag
system. We need to consider factors such as real-time communication, power
efficiency, and ease of development. Investigating existing laser tag software
solutions or related fields can provide valuable insights. Comparing different
MCUs (such as Arduino, MSP32, Raspberry Pi) is crucial. Each MCU has
varying capabilities, power requirements, and [/O options. In addition the
performance of the emitter and receiver LEDs and their sensors compatibility wit
the MCU.

2. Interoperability and Integration: Research ensures that the selected software
and hardware components work seamlessly together. Investigate communication
protocols (like Bluetooth, Wifi, or RF protocols) to enable wireless connectivity
between the laser tag guns, vests, and central control unit. Investigate how the
emitter LEDs interact with the receiver LEDs. Are there any synchronization
challenges? How do we handle collisions during gameplay?

3. Power Management and Efficiency: Research battery technologies and
power-saving techniques for MCUs and LEDs. Investigate sleep modes, duty
cycles, and low-power states to extend battery life during gameplay. Explore
sensor power requirements. For instance, ultrasonic sensors may consume more
power than infrared sensors.
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4. Safety and Regulations: Investigate safety guidelines for laser devices. Ensure
that the emitter LEDs comply with laser safety standards. Research local
regulations regarding wireless communication frequencies and power levels.

3.1.1 Software technology

The Arduino IDE is a crucial tool for writing, compiling and uploading code to Arduino
and supported boards. Arduino has many different feature making it stand out from the
rest. With a responsive interface, auto completion and a debugger, it creates a compelling
case. In addition its compatibility is one of the reasons why the Arduino IDE and its
libraries make portability and support. The primary langue is C/C++, although they can
be programmed using Assembly language. For the duration of the development we plan
on using C/C++. Communication with MCUs uses a variety of protocols.

The ESP32 chip is compatible with arduino IDE. The Arduino-ESP32 support can be
installed from the IDE. The ESP32, like other Arduino-supported microcontrollers,
benefits from libraries and standardization of base Arduino functions. Using the Arduino
IDE is familiar for programming the ESP32, although more complex projects may
require additional tools.

1. Universal Asynchronous Receiver-Transmitter (UART): Widely used for serial
communication, it uses two wires (TX and RX) to transmit and receive data
sequentially

2. Serial Peripheral Interface (SPI): A synchronous communication protocol for
connecting multiple devices to a single master.

3. Inter-Integrated Circuit (I2C): A multi-master, multi-slave protocol for
communication between devices like sensors and displays.

Additionally, one of the most popular IDE, Visual Studio Code is well known for its wide
range of extensions. As such, there exist a Arduino extension in the Visual Studio Code
environment that allows the user to program arduino supported boards and such. Wee
must select the board programmer and the board type, then we must select serial port and
choose the usb where the board is connected. Additional packages can be installed. VS
code has many advantages such as IntelliSense, debugging and git integration. It has a
wide array of extension that makes for a coding experience better.

Table 2. Different IDEs

Aspect Visual Studio Code Arduino IDE

User Interface Lightweight, customizable, | Simple interface with
and extensible. limited customization.
Supports themes, Basic layout with minimal
extensions, and plugins. visual options.

Code Editing Features IntelliSense for Basic code editor with
autocompletion. syntax highlighting
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Debugging capabilities

Limited debugging tools

Language Support

Supports multiple
languages (C/C++, Python)
and more.

Primarily focused on
C/C++

Extensions and Plugins

A vast library of extensions
for various tasks.
PlatformlO integration for
embedded dev.

Limited extension support.
No built-in support for
other platforms.

Project Management

Integrated task runner and
build tools
Git integration

Simple project structure

Community and Support

Active community, forums,
and online resources

Established Arduino
community

Platform Independence

Available on Windows,
macOS, and Linux

Platform-specific
(Windows, macOS, Linux)

Library Management

Comprehensive tools for

Basic library manager

library management

Both tools have their strengths, but VS Code with PlatformIO provides a more powerful
and feature-rich environment for MCU development. It offers better language support,
debugging capabilities, and a wide range of extensions.

3.1.2 Hardware technology

Voltage regulator:

Battery Level Measurement:

To create a battery level measurement system, we need to design hardware that allows us
to get an accurate reading of the voltage level. Firstly, we should have a simple voltage
divider to lower the voltage level of the battery to make it safe for the ADC of a
microcontroller to measure. Despite this it is important that we also add protection
circuitry such as: zener diodes or voltage clamps, to make sure the MCU and other
sensitive components are not damaged. For the Analog-to-Digital (ADC) we would
utilize the built-in ADC of our microcontroller.

Of course, when choosing the MCU itself we must make sure we consider the ADC
resolution on it since it will directly affect the precision of the battery level measurement.
We need to develop some software to program the MCU to read the voltage levels
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through the ADC and make the necessary conversions to get an accurate percentage
reading.

There is another method to obtain the battery level known as Coulomb counting, where
we measure the amount of charging exiting the battery over time. This way is especially
effective for batteries with flat discharge curves since the voltage level changes very little
until close to depletion.

To implement this method, we must design a current sensing device. Utilizing ohm’s law,
if we place a low-value resistor in series with the battery we can use the voltage drop
across the resistor to find the current flowing through it. We can also use a hall effect
sensor which is a type of transducer that picks up any changes in a magnetic field and
produces a voltage output that is proportional to the current. For the sake of simplicity,
we would utilize the shunt resistor.

Now when it comes to the microcontroller, the method is slightly different. The MCU
integrates the current flow over the time of measurement to and considers the capacity of
the battery; this is how we use current measurements to get the total charge that has been
added or removed. We again need to introduce a software algorithm that updates a
counter based on the current measurements and in turns tracks the charge state. For an
accurate measurement we need to know the battery’s total capacity in Coulombs or mAh
and put it into the code algorithm.

Table 3. Battery Level Measurement Comparison

Feature Voltage-Based Current-Based
Measurement Measurement

Principle Measures the voltage Measures the current
across the battery flowing in and out of the
terminals. battery.

Complexity Relatively simple circuitry. | More complex. Requires a
Typically requires a voltage | current sensing component
and ADC. (e.g., shunt resistor, hall

effect sensor) and often
more sophisticated
processing to integrate
current over time.

Accuracy Directly affected by the Potentially more accurate
battery's discharge curve; over the long term as it can
can be less accurate as it account for actual energy

doesn’t account for battery [ usage and battery health.
health or usage patterns.

Implementation Cost Generally lower due to Higher due to the need for
simpler hardware precise current
requirements. measurement components

30



and possibly more complex
software for calculating

specific voltage discharge
curve of the battery
chemistry.

state of charge (SoC).
Suitability Suitable for applications More suited for
where approximate level applications requiring
indication is sufficient. detailed knowledge of
Best for scenarios with battery usage and health.
consistent load patterns. Ideal for systems with
variable load conditions
Impact of Load Load variations can Load variations are
significantly affect voltage [ accounted for in the current
readings, leading to less measurement, potentially
accurate battery level offering a more consistent
estimation. battery level indication.
Battery Highly dependent on the Less dependent on battery

chemistry for the
measurement principle, but
calibration might be

needed for accurate SoC
estimation.

Breadboard circuits:
Multimeter testing:

Soldering:

3.2 Part Comparison

Within our project's design, there are many different components communicating with
each other to properly recreate a laser tag system. These components require extensive
research in order to confirm that they connect and function properly. Some of the

components that will be used will include a communication module, LCD display, haptic
feedback, sensors, and LEDs.

3.2.1 MicroController Unit (MCU)

The microcontroller unit is the central part of our system that controls the different I/O
peripherals such as RGB LEDs, motors, sensors, and displays. It is essentially the brain
of the laser tag system, it’s responsible for controlling the input and output operations of
the laser gun and vest, managing the game’s systems, and so much more. The choice of
microcontroller and the software it runs can greatly affect the performance and features of
the laser tag system. The software for this system will be written onto the microcontroller
to allow us to have more flexibility and control over the system operations.
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A microcontroller or MCU in simple terms is a miniature computer. This Microcontroller
is made up of a central processing unit or a CPU that comes in many different shapes and
sizes. This central processing unit is embedded with programs that can be run using input
and output peripherals on the microcontroller. There are plenty of other important
components that make up a microcontroller such as random access memory RAM or
SRAM, clocks, flash memory, and much more these components are all connected to the
central processing unit using an integrated circuit. These components all play a crucial
role in what a microcontroller is and how it functions.

Microcontrollers work by being able to interpret data coming in through their input
peripherals to receive data and let the code programmed by the user that is embedded
central processing unit instruct which outputs are needed when inputs are detected. Easier
said than done microcontrollers have many software functions that play a role in getting
the inputs received to correctly output some of these include programs, interrupts,
timers/delays, power modes, serial communication, channels, digital I/O, and analog I/O.
Learning how to use these software functions is challenging as each microcontroller can
have different integrated development environments or IDEs which can change how your
software applications and development functions.

When doing research for our microcontroller we knew we had a few specifications,
requirements, and features that are needed in our design. We need to make sure that the
microcontroller we end up purchasing fits all of the features we need in our design,
requirements for easy user operation, and specific specifications. Firstly a feature we
knew that these microcontrollers needed to include is to be connected wirelessly to a
central unit which would be run on a master computer. Taking that into account and the
extensive research we did previously on wireless communication we decided that our
microcontroller will need the ability to communicate via wifi technology. This means that
to get wifi communication implemented into our microcontroller we have two simple
options purchase a microcontroller that has wifi communication included or buy a
separate wifi communication module that can connect to a microcontroller.

Another requirement we have for our microcontroller is its usability which often refers to
the integrated development environment and the software applications it contains. Having
an IDE that is easier to use or even if the user is more familiar with can make a huge
difference in embedded software development efficiency and effective time spent. That
being said one of the first things that must be looked at when deciding on an IDE is the
programming languages it offers and which ones we feel the most comfortable operating.
As students most of our experience in embedded system programming comes from the
class we took which was taught to us in the C programming language this gives us a good
familiarity with this language and will make using it easier. Another option we have is
C++ this could be beneficial to C because of its many upgraded features including
object-oriented programming, abstraction, libraries, and much more. When deciding on C
vs C++ we must take into account a few things first off C++ is not much different at all
from C so using it should still feel fairly familiar secondly we must weigh the advantages
that C++ could bring us compared to C and decide how important they are and if they are
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needed enough to decide to use a less familiar language. When deciding on a
microcontroller another important thing we must include is the IDE code editor's ease of
use by using an easier to operate on and understand IDE we can save a lot of time trying
to debug our code.

Lastly, our microcontroller must have specific specifications that match what we need in
our project or what we can assume that we will need in a worst-case scenario. Setting a
proper minimum standard for microcontroller specifications is crucial because if we don't
do the research we may end up buying four that aren't good enough in certain aspects and
end up wasting upwards of fifty dollars. That being said since we haven't built the project
yet it is very hard to assume exactly what specifications we will need without knowing
what type of extra features we may try to include as we are building. Therefore it is
logical to overcompensate for what specifications we expect to need just in case to make
sure that situation never occurs. The first and most important specification we need to
worry about is the size and shape of our microcontroller it needs to be able to fit safely
into a small section of a portable gun. This means we must buy a microcontroller that is
smaller in size to be able to fit into a compact area, it may be beneficial to get a longer
microcontroller with minimal width due to the gun shape which has plenty of length but a
limited amount of width. Another specification is the amount of general-purpose
input/output or GPIO pins we need so we can connect to all of the inputs and outputs our
design may incorporate. Although we may never use them all it's safe to assume that we
will need a minimum of sixteen GPIO pins to make sure that we won't ever run out while
adding things to our design. Lastly the specific specifications such as the CPU, ROM,
SRAM, and flash are all extremely important to hw the microcontroller functions
including its efficiency and speed.

MSP430FR6989:

The MSP-ESP430FR6989 is a microcontroller built by texas instruments. This board has
a lot of features that stand out from a normal microcontroller including a liquid crystal
display or LCD built in the microcontroller. With great specifications this microcontroller
could easily run the code we need for our project. This microcontroller was chosen as one
of our options because most of our team had to buy one in the past for our classes which
means we already have a few to start with. This however become pretty negligable
because of the price of the MSP430 if we need four microcontrollers for our project its
almost cheaper to buy four new ones than it would be to get another MSP430. Also this
microcontroller does not include built in wifi or wireless communication of any kind
which means to connect wirelessly we would need to spend more money to buy a
wireless component. Also this microcontroller is fairly large and would most likely not fit
in our gun design anyways making this option not as useful as we once thought. However
they arn’t completely useless infact they will still be put to good use because since we
already have them they can still be used for individual testing of componets.

Raspberry Pi:

When you think of small board you can include in your project you may instinctively
think of the Raspberry Pi. This however isnt actually a microcontroller at all its a
single-board computer or SBC which means it can run general purpose computing and
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can run operating systems such as linux. Raspberry Pi also comes with wifi which means
we will not need to buy a separate component for wireless communication. However
since it comes with so many extra features this comes with some trade offs firstly the
price of a Raspberry Pi is thirty five dollars meaning if we need to buy four we are
spending one hundred and fourty dollars which is way above our budget. The size of the
Raspberry Pi isnt too big however it is not small enough to comfortably fit inside our gun
design which could give us some troubles trying to design the gun with room for it.
Overall the Raspberry Pi has great attributes and although it may be a great option for
some projects its just too expensive and too big for our design.

Arduino:

Arduino is one of the most popular microcontrollers on the market today and for good
reason. This is because of its open source platform which allows users to share their code
online for free and others to use and modify shared codes which brings more developers
into the arduino community. This paired with an extremely user friendly IDE that
simplifies the software design process for any level of user from beginner to expert
makes this microcontroller so popular. The arduino comes with great specifications which
can run the code required in our project no problem. The arduino also come in many
different shapes and sizes with the smallest being the atto model which is 0.45” x 0.40”
these arduino models come in some very small sizes and can easily fit inside our design.
However the only issue with this is the lack of wifi or any wireless communication which
means that with the price of the aurduino and the price of adding a communication
module for four microcontrollers it will be easily over a hundred dollars and out of our
budget.

ESP32:

The ESP32 is a microcontroller developed by Espressif Systems and is known for having
one feature that most microcontrollers dont have. This is a built in wireless connectivity
which includes wifi and bluetooth communication. Another great feature of the ESP32 is
that its run on the Arduine IDE which has a great user interface which will help us code
more efficiently. This model is sold by many different companies and has many different
versions each having their advantages and disadvantages. This makes it hard to pick out
an appropriate model because each comes with certain specifications that may be more
useful than others. For the most part we are looking for a board that has enough GPIO
pins to successfully connect to any amount of inputs and outputs we may try to include in
our project. It must also be the correct size to comfortably fit into our gun design and
have mounting holes to keep it study in place for intense games. This has to also be done
with good enough specifications to run any type of code we may throw at it. After
researching the ESP32 it fits every criteria that we could need in a microcontroller for our
project and even better its extremely cheap after looking at each and every place selling
we found some for seven dollars.

Table 4. Microcontroller Comparison
ESP32 MSP430

Price $3.80 $10.77
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Wireless Connectivity Wifl and Bluetooth None

IDE Arduino Code Composer Studio

Languages C,C++,MicroPython C,C++

3.2.2 Power Supply Unit (PSU)

Voltage regulator:

Battery Level Management:

It is another important goal to implement the design of the Power Supply Unit. To design
the power supply unit, we will be using a voltage regulator, diode, and capacitor. We use
the voltage regulator so that the electronic components in our system can utilize the
voltage from the battery. The diode rectifies the voltage that is drawn from the battery.
Lastly, the capacitor filters out any AC components. The PSU will also have its own
smaller PCB. We expect the PSU to offer an approximate 1 hour of playtime and produce
a minimum output of at least 7 volts. Possible options for the battery are a 2000 mAH
rechargeable battery pack from Amazon or possibly simple AA batteries.

Diving in deeper into the different options for the Power Supply starting with the USB
Power Bank. Portability is one of the most important features that is desired for the power
supply since a laser tag system requires constant mobility and extended range. An
external power bank offers that ability and allows the player to take the game to wherever
they desire. One of the main advantages of the power bank would be its flexibility when it
comes to the power options, for a power bank can come in many different capacities. The
reason this is beneficial is because we can select the perfect size to match the system’s
power needs and our wanted time of operation. Additionally, an external power bank can
be recharged easily and quickly using USB charging; convenient for charging overnight
or in between games. Power banks operate at a low voltage which makes it safe to deal
with and has little risk of electrical hazards unlike higher-voltage batteries. When
compared to a more complex power system a power bank can end up being relatively
inexpensive, the price is also a static number. Furthermore, a power bank offers simplicity
when it comes to wiring since there is no need for the complicated wiring and
infrastructure if we were dealing with a fixed power source instead. An added benefit is a
cleaner appearance and a user-friendly set up. As a result of all these benefits we get
improved player experience due to the consistent and powerful nature of the USB power
bank.

Alkaline AA batteries support many of the same benefits as the power bank with a few
key differences. AA batteries are much easier to source since they are widely available at
many retail stores and can easily be bought in bulk amounts. For economic reasons AA
batteries offer a very low startup cost and convenience for any system that is not used
consistently. Another clear benefit of the AA batteries over the power bank is even more
added simplicity as there is no need for a recharging system and it offers an even quicker
turnaround between games. Finally, the last main advantage of AA batteries would be the
ease of disposal as AA batteries do not have any special disposal requirements.
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Lithium-ion rechargeable AA batteries are very similar to both the previous options but
there are some key differences to look at. For example, despite rechargeable AA batteries
being widely available they are not as readily available as a normal AA battery, especially
in bulk quantities. Now, when discussing pricing options, the AA batteries offer the
lowest start-up cost, but when considering longevity, rechargeable batteries offer a much
more cost-effective solution. The rechargeable batteries offer convenience in their
reusability unlike normal AA batteries which need to be constantly replaced. The
rechargeable AA battery also greatly reduces the amount of waste but does require a
special method of disposal at the end of its life cycle. Overcharging and deep discharge
must be considered with rechargeable batteries, unlike regular batteries. Another benefit
of lithium-ion over alkaline is it boasts a higher capacity voltage typically around 1.5V or
3.7V, so lithium-ion batteries support a longer battery life. This is an important aspect to
look at for laser tag devices since they tend to have a high drain. With a laser tag system,
the self-discharge rate is another feature which is worth looking at since there can often
be a lot of downtime between games; rechargeable batteries lose less charge when not in
use when compared to the standard AA battery. When considering the compactness of
each option the AA and rechargeable batteries are much better than that of a power bank;
this can help in keeping the system small, allowing for a pistol-like design.

Table 5. Power Supply Comparison

Attribute USB Power Bank | AA Batteries Li-ion (AA)
Rechargeable Batteries

Availability Different Readily widely available as well
capacities may be | available and ([but not as much as
more difficult to | can be purchased | normal AA batteries.
get a hold of. in bulk in any
retail store.

Price Highest cost to|Lowest initial | Middle ground between
start but due to |cost but needs | power bank and AA
rechargeability is | constant batteries and
cost-effective with | replacement. cost-effective over time.
time.

Convenience Recharging isfNo charging i3Also needs recharge but
required but offerspheeded, andalso has the benefit of|

the longest operationfreplacement is fast.keusability.
lifetime out of all

options.
Power Can offer | Simple  power | May require integrated
Management sophisticated solution without [ circuits for charging and
power the need for r__management in
management electronics  for | the device.

options and higher | power
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capacities for | management.
extended use.

Environmental | Rechargeable, Disposable, Rechargeable,
Impact reducing  waste. | contributing to | significantly reducing

Proper  disposal | environmental waste. Requires proper
required due to | waste, though [ disposal at end of life.
battery chemistry. | free from heavy

metals.

Performance Consistent Performance Generally offers

Consistency performance with | gradually consistent output and
regulated output | declines as the [ higher energy density,
until depleted. battery with performance

discharges. maintained until
depleted.

Safety Generally safe | Considered very | Safe, but requires
with built-in | safe under | protection against
protection circuits, | normal overcharging and deep
but requires care | conditions. discharging.

in handling to
prevent damage.

Rechargeabilit | Yes, designed for | No, designed for | Yes, can be recharged
y hundreds to | single use. hundreds of times.
thousands of
recharge cycles.

Capacity High capacity and | Fixed voltage | Higher capacity than
can output various | (1.5V per cell), | alkaline, fixed voltage
voltages. limited capacity. | (typically 1.5V or 3.7V

for Li-ion cells, but

regulated in AA format).

Weight and | Potentially heavier | Lightweight and | Similar in  size to

Size and larger, | compact. alkalines but slightly
depending on lighter, offering better
capacity. energy density.

After considering all options for the power supply the most balanced and capable option
is the Lithium-ion AA rechargeable batteries. The main advantage that makes this option
the best is that like the USB power bank the lithium-ion batteries are rechargeable while
still being compact and cheaper like the alkaline batteries. The design of the laser gun can
remain relatively small while still being much more cost-effective and less wasteful than
normal AA batteries. While the power bank did offer the longest playtime of all the
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options, the lithium-ion still supports a longer play time than the alkaline due to its
superior energy density. Furthermore, these batteries output a consistent voltage level,
which is important for the system to properly operate. Putting it all together, the choice of
lithium-ion batteries offers the best options for a power supply that meets our goals in a
way that is sustainable, cost-efficient, and creates a high-performance laser tag
experience.

3.2.3 Emitter

The main aspect of our project is the laser. This consists of a gun with a Smm IR LED
which emits infrared light when the trigger is pulled; this is perfect for trying to emulate
the function of a real gun without the dangers that a real gun consists of when doing a
simulation. The IR beam emitted can contain unique frequencies that can help with player
identification and other useful information critical to the game. Even though we have
mainly chosen an infrared LED to proceed with our project, we will still analyze the
different advantages and disadvantages of using infrared lasers, LEDs, and lasers.

Table 6. Laser Comiarison

Light Emission Infrared Light Visible Light Visible Light
Beam Narrow beam Narrow or wide Narrow beam based
size/characteristics | based on beam based on on additional lens
additional lens design
Wavelength ~850 nm Various 532nm green,
wavelengths 650nm red, 405nm
depending on LED | blue
types
Cost $0.28 $0.16 ~$0.65
Visibility Invisible to the Visible to the naked | Visible to the naked
naked eye eye eye
Safety Can be hazardous | Generally safe Can be hazardous if
if directed straight directed straight to
to the human eye the human eye
Battery 1.5 to 3 volts 1.8 to 3.7 volts 2 to 5 volts
consumption

LEDs are typically seen used in TV screens, household lighting, or even light effects
around your house. They are typically a wide beam meant to light up a large amount of
area, but this can be focused in a beam by using a certain-sized lens meant to focus the
light into a straight beam. This is usually not as dangerous as compared to the other
options but could introduce the issue of possible heat at the focal point of the light. For
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this project, we decided to proceed with other options and utilize LED lights for different
aspects of the project. Such aspects are visual indications of being shot or possible visual
indications that you are firing your gun.

Lastly, the last option is using a visual red or green laser to fire the gun. This is a good
option as it is already usually set into a beam shape and is also visually seen by the naked
eye. Typically this is used as an attachment to a gun to visually see where the gun is
directed but as seen in other projects using lasers, it could be used as an emitter to a
receiver to indicate possible hits made by the user. However, due to its high cost and
possible dangerous factors, it could possibly cause harm to the users and those around
them. We decided to proceed with the other options to emit light.

Infrared lasers are the types of light-emitting part that many different laser tag products
typically uses. Typically is usually used due to its low voltage consumption and ability to
encode bits in the light it emits. Also, its ability to be invisible to the naked eye is
typically preferred over a visible laser due to not wanting to have multiple lasers seen on
a battlefield going between the two groups of users. But with all these advantages there is
still the danger of it being possibly harmful to the human eye, typically with other light
you are able to notice when light is being directed at your eyes. Due to infrared lasers
being invisible, it is hard to notice when the laser is being directed at your eyes, and with
increased exposure over time, it would cause irreparable damage to your eyes.

In conclusion, we as a group decided that infrared lasers were the option to utilize for our
project. Due to it high demand in the laser tag industry, there would be a lot of support
and external resources to utilize to better understand how we would use infrared lasers to
emit a laser beam to the receiver for this project. Also, due to its low power consumption
and low cost, it would sufficiently achieve everything that we need to have for our project
and also fit well within the budget that we made for the project. We will proceed with
caution to avoid any possible dangers that could be experienced when using the infrared
laser and also properly go over any engineering standards required when using a laser for
a project.

After concluding that we will utilize infrared light as the main source of light emission
for our project, we will also explore and research the difference advantages between T1
and T2 infrared emitters. The decision between these two emitters is important due to
making sure that all emitters are the same to prevent possible compatbility issues when
producing the project. Also even though there isn’t many differences, there difference
that exist will effect the overall design in the project. Each one of these emitters contains
different advantages and disadvatanges and further research below will decide which one
of these emitters would be better fitted for our project.

Table 7. Infrared Emitter Type Comparison (T1 or T2

Durability and Reliability | Greater durability due to | Lower durability due to
having a smaller having a larger
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construction but similar | construction but similar
reliability reliability
Energy Efficiency Higher energy efficiency | Lower energy efficiency
is 20% more efficient needs 20% more power
than T2 than T1
Strength and Power Lower strength and Greater strength and power
ower is about 20% less | being about 20% more
owerful than T2 powerful than T1
Safety Safer than T2 due to Less safe than T1 due to
lower power the usage of greater power
Scalability Easily able to purchase Harder to purchase as
more and an already compared to T1 due to
well-established type of being fairly new in the
infrared emitter market
Production and Support Mor rt t Less support due to being a
being an already new type of emitter
well-established emitter
Compatibility The same as T2 The same as T1

When considering the choice between a T1 and a T2 emitter for this project, there are
several aspects to consider beyond just the simple size and cost of the emitter. These
aspects can be seen in the table above and the explanation of each aspects can be seen
below describing the reason why each aspect matters in deciding the infrared laser type.

1.

Durability and Reliability: Durability and reliability a very important aspects to
consider due to the possibility of playing in many different conditions. The ability
to utilize the product in any situation is vital to the efficiency of the product. The
emitter is expected to function not only indoors but also outdoors which would
result in different varying temperatures, humidity, and light levels. Also, the
durability will be largely considered due to the potential physical impacts when
using the product.

Energy Efficiency: The power consumption of the emitter has to be considered
when calculating the pros and cons of the two different emitters. This is important
due to its effect on the overall design of the gun. Also, the efficiency in the power
consumption would allow us to use a cheaper and lighter battery when designing
the product.

Strength and Power: The strength and power of the beam a very important factors

to calculate as the laser gun needs to function from long distances and also be
reliable at the same time. A beam that spreads out at farther distances will not be
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reliable enough at long distances while a very narrow beam will not be reliable in
up close situations also known as CQC or close-quarter combat.

4. Safety Concerns: Safety when using laser beams needs to be considered as a
major aspect as there should be no harm done to the user when using our product.
This is particularly concerning with eye safety as a strong laser beam can cause
damage to your eyes.

5. Scalability: Scalability in the efficiency of producing in bulk needs to be
considered in the case where the product needs to be produced in bulk for the
market. Ease of access and also bulk pricing could be possibly considered when
looking into the possibility of using either emitters.

6. Production and Support: The support and production of the emitters need to be
considered as without proper support the utilization of the emitters would be
considerably more difficult. And at the same time if the manufacturer stops
producing the emitter that we have tested with then we will run into the problem
of not having a stable manufacturer to purchase the emitter from.

7. Compatibility: The compatibility between the emitter and sensors is largely
important since without proper compatibility the project will not function
properly. This will be the most important factor that we have to consider when
choosing the emitter.

By weighing these different aspects and factors alongside the basic considerations of size,
range, and cost, we decided that a T1 will be the best option for our project. This decision
was made based on the wide availability of T1 infrared emitters in the market making
easy to gather and purchase. Also due to being a fairly old type of emitter there are many
guides and supports explaining or assisting possible troubleshooting issues that we
experience while working on the project.

3.2.4 Infrared Receiver

Integrating Infrared Receivers into the vest for hit detection from infrared light-emitting
laser guns is very important in simulating combat scenarios. The use of sensors is vital to
this project and many different factors and aspects need to be considered when choosing
what infrared receivers to use when creating our project. These aspects and factors will
be vital in creating an immersive experience for the users and allow better tracking or
precise performance when using the system.

When selecting an infrared receiver, it is crucial to weigh various factors such as
sensitivity to ensure reliable detection under the different conditions the user will play in.
The pros and cons would need to be considered to further enhance the user's immersive
experience. Some of these factors and aspects can be seen below.

1. Sensitivity: The sensitivity of the receivers needs to be largely considered since
this will be vital to the project's functionality. A lower sensitivity would result in
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less precise experiences and could introduce problems where the laser beam
should have hit the user but the sensitivity is too low to sense the laser. Also at the
same time, too much sensitivity would cause false positives where the user is
registered to be hit by a laser shot that clearly would have missed them.

Response time: The receivers are expected to have short response times to allow a
smooth and clean immersive experience for the user. It is vital to have a good
response time due to possible situations where instant feedback is necessary to
replicate a realistic combat situation. Such situations could include close-quarter
combat where instant feedback is necessary to show whether you are alive or dead
in the intense situation.

Cost and Production: The cost and production of the receivers need to be
considered when choosing what to utilize. Since many sensors are needed to
properly scan 360 degrees around the user the sensors must be cost-effective and
not too expensive due to the large quantity that we need to use for the project.
Also, it is vital that the production of the sensors is reliable to prevent issues
where the manufacturer has stopped producing the sensors that we decided to use.

Reliability: The reliability of these sensors needs to be considered as the sensor is
expected to function in different conditions when using the product. The design
needs to allow better sensitivity in different conditions and also help reduce false
positives from other sources.

Durability: The durability of the sensor needs to be largely considered when
deciding which sensors to use. Since the user could be expected to be in a very
intensive situation, it is vital that the durability of the sensor would support the
user in being reliable and would not break in cases of physical impact.

Wearability: The wearability of the sensors needs to be considered when choosing
what sensor to use. The sensor needs to be light enough and small enough to be
attached to the vest without causing any issues with movement and range of
mobility of the user. As such the size and weight of the sensors would need to be
considered not only during the choice of which sensor to use but also the overall
design of the product.

Power efficiency: Efficient power management is crucial especially since the vest
and sensors would be battery-operated. A sensor that utilizes too much power
would cause issues when choosing the proper battery to use for the vest. Also if
the sensor uses too much power then the amount of time the vest would be able to
function would largely be decreased and it would not achieve the expected
specification that we have set for the project.

Maintenance: Just like other components in the project, the sensors need to be

simple enough to be easily replaced or maintained to ensure a clean and
immersive experience for the user. A sensor that is too complicated would result
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in difficulties when troubleshooting and also include possible maintenance issues
when trying to fix the vest.

By carefully considering these aspects and factors, we will be able to properly make an
informed choice when deciding what sensors to use for the project. These requirements or
technical aspects will be vital in creating and enhancing the overall user experience for
the project making the whole system more engaging.

When considering which receiver emitter we will purchase for the project, there are two
different types of emitter we can purchase for the infrared receiver. These two types are
the photodiode and the phototransistors which both have their own usages, advantages,
and disadvantages. These differences need to be analyzed and researched to better
understand what type of emitter we should purchase for our project and also the type
purchased would largely affect the overall design of the PCB.

Table 8. Inirared Reciever Tj iie Comiarison (Photodiode or Phototransistor)

Purpose A semiconductor device A semiconductor device
containing a p-n junction [ containing a base, emitter,
that receives infrared and collector that can
light that generates a generate a current
current when exposed to | proportional to the
infrared light intensity of the light

Sensitivity Higher sensitivity Lower sensitivity
compared to compared to photodiode
phototransistor ~50 A/W to ~1000 A/W
~0.4 A/W to ~0.9 A/W

Response Time ~1 microsecond ~100 microseconds

Power Consumption 5V 3to20V

Size 1mm, 1.5mm, and 3mm Smm

Cost ~$0.73 ~$0.85

Safety Lower risk of electrical Higher risk of electrical
shock shock due to a higher

voltage

Photodiodes or simply just diodes are infrared receivers that are semiconductor devices
that receive infrared light when forward biases meaning that there is an application of a
voltage across the diode in a way that allows current to flow easily through the diode.
They are similar in structure to basic LEDs but specifically made to receive infrared light
instead of visible light. They are typically used in situations where invisible light is
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required such as proximity cameras, security cameras, night vision equipment, remote
controls, and many more. They also boast a very small size allowing you to use the diode
in any situation. They are also more simple in design making it very easy to include into
your design and also introduce fewer possible areas of failure when using the diode.
Overall photodiodes can be seen used in many different household commercial products
such as remote controls and it stands to be a very simple way to receive infrared light for
our laser gun project.

Phototransistors are similar to photodiodes in that it is sensitive to infrared light and is
meant to receive and detect infrared light. It also combines the functions of photodiodes
and a bipolar junction transistor or BJT in a singular package. This functions as a way to
output a photocurrent proportional to the intensity of the infrared light. This allows you to
easily tell the distance that the infrared light has traveled and therefore possibly calculate
game information to process through such intensity. This will simplify the overall circuit
in the final design by decreasing the necessary space for a BJT by combining it with the
photodiode. But due to its ability to combine both components, it will overall take more
space when receiving the light. It also gains the ability to amplify the current allowing
better detection and signal processing when using it for the project. Overall it proves to
be a more modern solution to a simple circuit of using a photodiode with a BJT.

In conclusion we have decided to utilize the photodiodes in our laser gun project. This
decision was made by the fact that we do not need to detect the intensity of the infrared
light. The project we have designed and planned only simply needs to detect whether the
receiver has detected any sort of infrared light and simply output that it has been sensed.
The use of a phototransistor will make extra complexity to our project that could possibly
fail when designing and creating the final product. But due to the many advantages that a
phototransistor contains, we will keep in mind of the possibilities that a phototransistor
will add to our project and possibly create a stretch goal that will utilize photo transistors
to detect the intensity of the infrared light. Overall for our project will we use the
photodiodes to receive the infrared light due to its simplicity, overall small size, and
easiness to purchase.

3.2.5 LCD Display

In laser tag in order to make the gameplay as interactive as possible, a display will be
used to show important information to the player. Key information such as the amount of
ammo left, scoreboard, player’s health, and player's record (kill/death ratio). A display
will allow for a better gameplay experience between both players and overall a useful
peripheral that facilitates the core of the laser tag.

The LCD1602 is a character-type liquid crystal display that is 16 by 2 in resolution. This
is controlled by the MCU and will display information provided by the Bluetooth
modules. The MCU module will be able to receive information from its counterparts
when a laser receiver has detected a hit; and then will update the kill counter.
Furthermore, it will keep track of the ammo capacity of the laser guns and when the user
should reload. For the LCD1602 to display correctly, GND must be connected to a
resistor, this value will determine the contrast for a clear and visible display.
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In a laser tag game, real-time feedback is crucial for an immersive and interactive
experience. Some options in this category that are worth considering are LCD(Liquid
Crystal Display) and OLED(Organic Light Emitting Diodes) displays. LCDs are
generally more affordable and offer better peak brightness, making them suitable for use
in bright environments. On the other hand, OLEDs offer superior contrast, color
accuracy, and viewing angles, making them ideal for high-end devices and applications
where image quality is important. For our laser tag system, we plan on using the LCD
display because it is cost-effective, more durable, easier to access, and has a lower power
consumption. LCD displays like the 16x2 LCD1602 are widely available and come in
multiple sizes and configurations. This makes it easier to find a display that fits the
specific needs of the laser tag system. A 16x2 LCD display works by controlling the
liquid crystals to either block or allow light to pass through, creating characters and
symbols on the screen. It’s controlled by sending data and commands to its controller,
which in turn manages the display of information. The display can serve as the primary
interface, bridging the player and the game system. Providing immediate feedback and
important game statistics.

1. Ammo Count: the display can show the remaining ammo in a player’s gun by
tracking how many times the trigger has been pulled. This adds a strategic
element to the game as players must take into account their ammo and use it
wisely.

2. Health Points: The player’s remaining health points can be shown on the display.
This can create suspense and excitement as players are aware of their health and
they try and avoid getting tagged.

3. Scoreboard: The display can show current scores, depending on the game mode.
It can have a leaderboard aspect creating a competitive environment and allowing
the players to know their standings for the game's duration.

4. Player’s record(Kill/Death Ratio: The display can track each player's
performance. In addition to the scoreboard, in shooter games, an important metric
that can separate decent from good players is the kill/death ratio. Players will be
motivated to maximize this number as much as possible to rank high on the
scoreboard.

The LCD1602 is a 16x2 character-type Liquid Crystal Display (LCD) that can display

letters, numbers, and special characters. It’s controlled by a microcontroller unit (MCU)
and can display information provided by the Bluetooth modules.
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1. Hit detection: When the laser detects a hit, the microcontroller unit on the
player’s vest receives this information and updates the kill counter on the
opponent’s display.

2. Ammo tracking: The microcontroller unit keeps track of the ammo capacity of
the laser guns. When the ammo is depleted the display can prompt the player to
‘reload’, adding another layer of realism to the game.

3. Contrast adjustments: For the LCD1602 to display correctly, the Ground (GND)
must be connected to a resistor. The value of this resistor determines the contrast
of the display, ensuring clear and visible information.

A 16x2 LCD has two registers, command and data. The register select is used to change
between registers. Whereas RS = 0 is for the command register and RS = 1 is for the data
register.

The command register stores a variety of command instructions given to the LCD. For
example, clearing the screen, initializing, and controlling the display.

The Data register stores the data that must be displayed on the LCD. It uses the ASCII
value of the character to display on the LCD. When data is sent to the CLD, it goes
through the data register to be processed.

Table 9. Command codes for the 16x2 LCD

Hex Command to LCD instruction Register
Code

01 Clear display screen

02 Return home

04 Decrement cursor (shift the cursor to left)
06 Increment cursor (shift the cursor to right)
05 Shift display right

07 Shift display left

08 Display off, cursor off

0A Display off, cursor on

0C Display on, cursor off

OE Display on, cursor blinking
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OF Display on, cursor blinking

10 Shift cursor position to the left

14 Shift the cursor position to the right

18 Shift the entire display to the left

1C Shift the entire display to the right

80 Force cursor to the beginning ( Ist line)
Co Force cursor to the beginning ( 2nd line)
38 2 lines and 5%7 matrix

Table 10. 16x2 LCD display pinout diagram

Pin Number

Function

name

1

Ground: 0V

ground

2

Supply voltage; 5V(4.7-5.3V

Vce

Contrast adjustment: Static resistor or variable
resistor like potentiometer to control contrast

Vo/VEE

Selects command register when low, and data
register when high

RS

Low to write to the register; High to read from
the register

read/write

Sends data to data pins when a high to low
pulse is given; Extra voltage push is required
to execute the instruction and EN(enable)
signal is used for this purpose. Usually, we set
en=0, when we want to execute the instruction
we make it high en=1 for some milliseconds.
After this we again make it ground that is,
en=0.

Enable

7-14

8-bit data pins

DBO0-DB7
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15 LED Backlight VCC (5V) led+

16 LED Backlight Ground (0V) led-

3.2.6 LED

In many laser tag systems, RGB LEDs are installed in each sensor block on the player’s
vest. When the player is hit a system of green LEDs turning red can visually show that
the player has been hit. These LEDs can also be used to indicate which team the player
and its opponents are in. In addition to indicating when a player’s been hit LEDs can also
be used to indicate different game states or game modes. For example, a quick draw game
mode where both players' LEDs are red to start off and light up green to indicate ‘go’,
then whoever is shot first will turn red again. Peripherals like LEDs are a great way to
enhance a player’s gameplay and immersive experience, accompanied by motors for
vibrations and other sensors, it makes for a truly captivating system.

In our laser tag system, a player’s vest will be equipped with many different components
to enhance their experience. The vest will consist of a microcontroller and an array of red
and green LEDs in each block of receiver and vibrators.

Focusing on the LED, this is a great addition to give visual cues in parallel to the physical
tactile feedback that the player you shot at has been hit and even the player that has been
hit can visually see that they’ve been marked red. This addition is inexpensive since
LEDs in bulk are cheap. It is also easy to program with any microcontroller. The receiver
would detect a signal from the IR emitter from the opponent’s gun and that signal would
be used to turn off the green LEDs and turn on the red LEDs, indicating a tag.
1. Hit Indication: When a player is hit, the green LEDs on their vest turn off and
the red LEDs turn on. This immediate visual feedback makes the game more
immersive and helps players quickly understand the game dynamics.

2. Status Indication: LEDs can also be used to indicate different states of the game
or the player. For example, blinking LEDs could indicate that the player is
‘respawning’ after being hit, giving them a few seconds to find cover.

3. Ammo and Health Indicators: Different color LEDs can be used to indicate the
remaining ammo or health points of a player. This adds a strategic element to the
game, as players must keep an eye on their ammo and health status.

LEDs are a cost-effective and easy-to-implement component that can significantly

enhance the gameplay experience in a laser tag system. They provide real-time visual
feedback to the players, adding an extra layer of interactivity to the game.
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3.2.7 Haptic Feedback

Another aspect of human-machine interaction that goes under the radar is Haptic
Feedback. Most people don’t realize it but the phones we use every day while we type,
and long press have tactile feedback that makes it immersive for the user. Similarly, in
Laser Tag, feedback is very important; this allows for the user to be able to feel the laser
gun shooting and know when they got hit. This feedback can make the game more
realistic and engaging.

Motors can be used to generate vibration or movement while tactile buttons can provide a
distinct ‘click’ sensation when pressed. These elements can significantly improve the
intuitiveness and the overall responsiveness of a device.

Now the question is which haptic feedback motor would be the best fit for a laser tag
system? To answer this, we need to look at the different haptic feedback motors and what
pros and cons each option offers. The different motors we will be discussing are the
following: Eccentric Rotating Mass (ERM) Motors, Linear Resonant Actuators (LRAs),
Piezoelectric Actuators, Voice Coil Actuators, and Shape Memory Alloys (SMAs).
Different aspects we will be looking at for each motor are reliability, cost-effectiveness,
simplicity, compactness, and much more.

Starting off, we are looking at the Eccentric Rotating Mass (ERM) motor and its benefits
and drawbacks. First, we need to explain the functionality: an ERM is an electric motor
with an off-center weight attached to the shaft of the motor. What this does is when the
motor shaft is rotated, because the weight is unbalanced, the “rumble” or vibration
sensation is created for the system. The clearest and most notable upside of an ERM is its
simplicity and price; creating and implementing an ERM is a very simple process
therefore making them one of the cheapest options for the haptic system. An added
advantage of their simple nature is how robust they are since there are not too many
moving parts, being able to withstand plenty of use with not much wear and tear. In
situations where stronger vibrations are desired, ERMs are usually chosen since they can
produce heavy vibrational force. Some drawbacks include the limited vibrational patterns
and intensities that these motors can provide. The time at which the motor can physically
spin the weight to generate the vibrations can take a significant amount of time when
compared to other haptic feedback systems. Power consumption also tends to be quite
high in these systems. Larger size, heavier weight, and more noise tend to be higher in
ERMs as well compared to most other vibrational systems. These types of motors are
commonly used amongst gaming controllers due to low cost, and sometimes the
automotive industry for their powerful vibrations. The ERM motor can possibly be a
good fit for the laser tag system due to its cheapness, simplicity, and durability but size
and weight need to be considered for the compactness of the system; the lack of feedback
range that can be achieved with an ERM motor must also be considered.

Another viable option for the haptic feedback system is a Linear Resonant Actuator
(LRA) motor. An LRA motor works by attaching a magnet to a spring with an
electromagnetic coil surrounding it. The vibrations are created through the coil that drives
the motor to move the weight inside. The key difference between an LRA motor and
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ERM motor is the ability to provide a much more defined haptic response with more
patterns and intensities. This would help in creating a better player experience for the
laser tag system, specifically in being able to have different haptic responses for different
scenarios. LRA makes it possible for an even more compact and thinner design over
ERM which helps in our goal in making the laser gun as compact as possible. Added
benefits an LRA motor offers are energy efficiency, when operating at their resonant
frequency, and quieter operation. There is generally an increase in the cost of LRAs over
ERMs which may make it less suitable for this project due to our limited budget. Due to
its complexity, achieving the full range of feedback from an LRA involves more complex
control systems which also leads to an increase in cost and design. The durability of the
LRA, while good, is still less desirable than that of a standard ERM and is more
susceptible to wear and tear especially through rigorous use. One thing that must be
considered is how we are limited to the resonant frequency needed to make sure the LRA
is operating at its full capacity. Everything considered, while being possibly more
expensive and complex than the average ERM system, the faster response time, wide
range of haptic feedback, and more compact design may make it the perfect choice for
our laser tag system.

A more interesting option would be a piezoelectric actuator which utilizes the reverse
piezoelectric effect to create micromovements and vibrations. The piezoelectric effect is
when we create an electrical charge when a certain material receives a mechanical
movement usually in the form of pressure; this effect also works in reverse which is how
we create the vibrations and ‘rumble’. Because the supplied voltage to the actuator is
directly proportional to the amount of motion that is created, we can achieve a very
precise control over how much movement and vibrations we are producing. This
precision is the main advantage of the piezoelectric and would allow for well-defined
haptic feedback with the ability to give the player a truly immersive experience. The
other major benefit of piezoelectric actuators is its uber quick response time which is
faster than that of an ERM or LRA motor. Additionally, because power is only consumed
when the state of the actuator is being changed, we have a very energy efficient product
for a battery powered device. Due to the lightweight and small size of the actuator, they
are ideal for portable or wearable devices. Some clear downsides of using piezoelectric is
the cost, it is a much higher cost to use over the normal ERM and LRA. The
implementation would also be much timelier and would require more complicated control
electronics to regulate the voltage for precise operation. Fragility is also a concern for the
piezoelectric actuator since the materials required are not very strong and can be
vulnerable to bending and impact. Despite its much higher cost, complex implementation,
and moderate durability the piezoelectric actuator is still a very good option since it meets
and exceeds the requirements for our laser tag system. For example, the piezoelectric's
very compact design would be perfect for the laser tag vest and the super-fast reaction
time and high control would greatly enhance the user experience.

After weighing out the possible haptic feedback motors to integrate into our senior design
project, we have decided that the best possible option is the Eccentric Rotating Mass
(ERM) motors. This decision comes from the balance of the total cost, complexity of
implementation, and the tactile experience provided from the ERM. The ERM hits all the
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marks necessary for the use of the laser tag system and does it in a way that is still
cost-effective. Despite its counterparts offering a more fine-tuned and variable experience
we could not justify the difference in cost for the slight increase in quality. A relatively
easier implementation is also crucial in order to make sure we can keep up with our
schedule and stay within the budget. The main benefits of the Linear Resonant Actuator
and Piezoelectric actuators don't fully align with the major necessities of our laser tag
system while the ERM meets all the requirements and does it efficiently. The ERM motor
ensures that we can achieve clear and immediate feedback to the player, still maintains a
compact design, and overall enhances the user experience while still keeping a simple
design and not inflating our total cost. Through this choice we can deliver what we
promised which was an immersive laser tag experience while still meeting our
performance and budgetary goals.

Table 11. Haptic Feedback Comparison

Feature ERM Motor LRA Piezoelectric Actuator
Principle Rotating mass | Oscillating mass | Electric charge induces
creates vibration creates vibration | shape change

Feedback Low Medium High
Variety
Response Time | Moderate Fast Very Fast
Precision and | Low Medium High
Control
Cost Low Medium High
Size and | Depends Compact Super Compact
Weight
Implementation | Low Medium High (requires complex
Complexity (requires drive circuitry)

matching

resonance

frequency)
Durability High High Moderate
Typical General  consumerDevices requiringMedical devices, precision]
Applications electronics precise, localizedmachinery

feedback

3.2.8 Communication

Laser tag has a variety of hardware accompanied by great software that allows successful
function. One of the most important factors of the gameplay is wireless communication
between the players. Assuming that there are two players with each two guns, the system
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must accurately and efficiently update with reasonable delay in order to maintain
plausible results. There are many choices of wireless communication available today each
with its own pros and cons. Some include Wi-Fi, Bluetooth, wireless LAN and much
more.

Communication is one of the most important aspects of creating anything wireless. In a
wireless laser tag system, it is further expressed by the need to have an immersive system
for players. To make the game immersive several requirements must be met, such as
latency: laser tag is a fast-paced and physical game that requires fast thinking and
movements as well as fast processing and communication. Different communication
protocols among popular devices are Universal Asynchronous
Receiver/Transmitter(UART), Inter-Integrated Circuit(I2C), and Serial Peripheral
Interface (SPI). They are commonly used for communication within an embedded system
for their ease of use. They all accomplish the same goal of transferring data and
communicating but they have differences, each with their advantages and drawbacks. It is
up to the engineer to decide what is prioritized and important to make their choice.

Universal Asynchronous Receiver/Transmitter or UART is one of the earliest serial
protocols used in devices using serial (COM) ports, modems, and RS-232. It is simple
and easy to use, it defines a protocol for exchanging serial data between two wires.
UART only uses two wires between the transmitter and receiver, they can both receive
and transmit in both directions. Communication can be simplex: Data is sent in one
direction only; half-duplex: Each side transmits but one at a time; and finally full-duplex:
both sides can transmit and receive simultaneously. A big advantage of UART is that it is
asynchronous, the transmitter and the receiver do not share a common clock. This
simplifies the protocols but in turn, causes certain requirements. Both devices must
transmit at the same speed, measured in baud rates, some of the most common baud rates
are: 4800, 9600, 19200, 57600, 115200. Both sides of the UART connection use the same
frame parameters. A UART frame format consists of a start/stop bit, data bits, and an
optional parity bit. In the idle state, the line is held at high or one. The start bit indicates
when data is coming, it is a transition from an idle high state to a low state which is
quickly followed by the data bits. After the data bits are finished, the stop bit indicates the
end of the data. It is a transition back to the idle state of remaining in the high state for an
additional bit. The data bits can be between 5 to 9 bits, more commonly used are 7 to 8
bits. Data is typically sent with the least significant bit (LSB) first. A UART frame can
also consist of a parity bit, which can be used for error detection. The parity bit is inserted
between the end of the data bit and the stop bit. There can be even parity or odd parity, in
even parity the number of 1’s must be even, in odd parity the number of 1’s must be odd.
The parity bit can only detect a single flipped bit. Although UART was widely used, its
popularity is decreasing and is being replaced by protocols like SPI and 12C which have
higher speed and throughput.

52



The inter-integrated protocol commonly called 12C is used primarily for short distance
data communications. I12C is a synchronous master-slave protocol in which both master
and slave and send and receive data. It operates in half-duplex mode and can run at
different speeds. The master is connected to one or more slave nodes via two shared
lines: serial data(SDA) and serial clock (SCL). The 2 lines are each connected to a
voltage by a pull-up register. In an 12C frame, communication begins with a start
condition followed by the address it wishes to read from or write data to, the slave
acknowledges and then the data is transmitted and acknowledged, the data is terminated
by a stop condition. The idle state in both SDA and SCL is high, the start condition
occurs when a node pulls SDA low and then pulls SCL low in that order; in doing so the
node becomes the master and prevents other nodes from using the bus at the same time.
Each I2C node on a bus must have a unique, fixed address that is seven-bit long and is
the most significant bit first (MSB). SDA does not change between the clock rising edge
and the clock falling edge, during data transmission, SDA only transitions while SCL 1is
low; an SDA transition when SCL is high indicates a start or stop condition. Following
the slave address is the read and write (R/W) bit, if it is a zero it indicates that the master
wants to write data to the slave, and if it is one it signifies that the master wants to read
data from the slave. The acknowledge (ACK) bit is sent by the receiver each time a time
a byte of data is received. Zero is an ACK and one is a NACK, a negative
acknowledgment. Every slave address or data byte is followed by an ACK bit to confirm
receipt of data. The data byte contains the actual information being transferred between
master and slave. It is always 8 bits long with the most significant bit first, always
followed by an acknowledgment bit. The stop condition applies when first SCL returns
and remains high and then, SDA returns and remains high. The pull-up resistors used
have a specific purpose that allows the flexibility to limit or increase the bus speed and
time needed to pull up to the line. A higher resistance increases the time needed to pull up
the line and limits the bus speed. Therefore, lower resistance values allow for faster
communication by decreasing the pull-up time at the cost power. There are many modes
12C can be set at and their respective speeds

Table 12. I2C Modes
12C Mode Speed

Standard Mode 100 kbps

Fast Mode 400 kbps

Fast Mode plus 1 Mbps

High Speed Mode | 3.4 Mbps
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Ultra Fast Mode | 5 Mbps

High speed modes are backward compatible with lower speeds. Ultra fast mode is
unidirectional meaning writes only.

SPI also known as Serial Peripheral Interface, is a four wire serial interface with speed
improvements over other serial data protocols such as UART and I12C. Its most
commonly used uses include sensors, displays, ADC, game controllers, and more. SPI is
a master-slave protocol with a single master and one or more slaves connected by 4
wires: Chip Select (CS), Synchronous Clock (SCLK), Master Out Slave In (MOSI),
Master Out Slave In (MISO). The chip select chooses the communication target, the
SLCK provides synchronization and timing between slaves and master, the MOSI is data
transmitted by the master and finally, MISO is data received by the master. A typical
communication would start with the master pulling the CS line low to indicate to the
slave that data is incoming and then start the clock. The MOSI line is used to send bits to
the slave, and if the slave has bits to send back to the master it will do so via the MISO
line. When communication is complete CS returns to its idle state of high. Using chip
select is a simplified way to address targets or slaves, unlike I2C which uses addresses.
Slaves do not require their own clocks, even when they are transmitting data. Clock
speeds are in the MHz range which is faster than UART or 12C. the clock indicates what
data should be sampled which can be either the rising or falling edge. Data is transferred
from the master to one or more slaves using the MOSI line, data is usually 8 bits which
can be the least or most significant bit first. On the other hand, MISO is used to send data
from one or a slave to the master. Some devices do not include a MISO line; for example,
displays only need to receive data from the master. Multiple slaves are configured by the
master having separate CS lines to address each slave. Another mode of addressing
multiple slaves is called Daisy Chain which eliminated a separate CS line for each slave.
In a daisy chain configuration, the CS and SLCK line is shared among all slaves.
However, MOSI data is sent to the first slave and then passed along to the next slave
using the MISO line from the first slave to connect to the MOSI from the next slave, this
process can be repeated depending on how many slaves. To send data from the slave to
the master the data will go down the chain and be sent back to the master by using the
MISO line from the last slave in the chain.

The primary component driving the wireless communication for the variety of the laser
tag must be chosen with several requirements in mind. Using IR and Bluetooth
communication, we can achieve different functionalities for the game to function. For
tagging, we can use IR communication. Each laser gun emits an IR signal when the
trigger is pulled. The vest worn by the players has IR receivers, when a player is hit, the
receivers on their vest pick up the IR signal from the gun. Each vest could also be
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equipped with an Arduino and a Bluetooth module, when a player is hit, the Arduino
sends a signal via the Bluetooth module to a central scoring system. The scoring system,
equipped with the master Bluetooth module, receives these signals and updates the scores
accordingly. This setup allows for real-time scoring updates which will be displayed on

each gun giving each player feedback to enhance the gameplay experience.

Table 13. Wireless Connections MCU

Protocol UART 12C SPI
Communication Asynchronous Synchronous Synchronous
Type
Number of Wires | 2 (TX, RX) 2 (SDA, SCL) 4 (MISO, MOSI,
SCK, SS)
Data Transmission | Full-duplex Half-duplex Full-duplex
Speed Moderate Slow to Moderate Fast
Complexity Low Moderate High
Number of Devices | Point-to-point Multiple, with Multiple, with
unique addresses individual chip
select
Use Cases Long distance, low | Short distance, Short distance,
speed data transfer | low-speed data high speed data
transfer between transfer between
ICs ICs

Infrared communication is common, easy to use, and inexpensive for wireless
communication. It is a cost-effective way to send over a few bits of data wirelessly. Many
remote controls use this technology. Infrared LEDs produce light that is not visible to the
human eye, it operates at a wavelength of about 950 nanometers. Many other sources
emit infrared waves such as the sun, which presents a difficulty when communicating in
daylight. The simplest way to transmit information is a binary of 1 when the trigger is
pulled, then the receiver will detect such information and store it. Additionally, one
option is to use the OpenLaterTag IR protocol, where there is a piece of detailed
information on the packet that should be shooting in order for our game to function. The
packet is used for game moderation and basic player settings. It contains 22 bits with the
rightmost binary number used to identify which type of packer (0 for shot packet). The
next 1-7 bits are used for the first part of the player ID, the 8-9 bits can specify teams, the
10-13 bits are used for damage, and lastly, 14 to 21 bits are used for the second part of the
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user ID. Furthermore, this can be customized to our laser tag system to complete the
different game modes and settings we plan to implement.

The Bluetooth modules use an SPP (Serial Port Protocol) for serial communication,
creating a Bluetooth connection between two devices is a multi-step process with states
such as inquiry, paging, and connection. The main function of inquiry is for the Bluetooth
master to find all the other Bluetooth slaves in the system that are in range. The master
will send out an inquiry request message and any device listening will respond by
sending back its address, name, and other pieces of information. The paging state consists
of forming a connection between the Bluetooth devices. For this to be possible each
device must know the address of the other devices which was obtained in the inquiry
phase. Upon the completion of the paging state, the device enters the connection state.
From there there are a variety of modes it can be configured to function according to our
needs. There are the active mode, the sniff mode, the hold mode, and the park mode. For
the use of the laser tag system, the active mode is the most suitable since this is a mode
where it is regularly connected, transmitting and receiving information. The other mode
that can be useful is the low-power mode where the devices are only transmitting and
receiving based on a set interval.

A Bluetooth module can communicate with a wide variety of devices, including
smartphones and computers. This is a great option if we want a central system to monitor
everything happening during the game. A very popular choice that is well-used along
with the Arduino microcontrollers is the HC-05 Bluetooth module. It is used for many
applications like game controllers, wireless headsets, and many more. It has a range of up
to 10 meters which varies depending on the location and conditions. It communicates to
the microcontroller via UART making it easy to implement and communicate.

Wi-Fi can be used for communication between the laser tag guns and a central system.
This can be particularly useful in large arenas where Bluetooth’s range might be
insufficient. Wi-Fi has a standard range of up to 100 meters, which can cover a large area.
The central system can be connected to a Wi-Fi network, and each gun can also be
equipped with a Wi-Fi module, such as the ESP8266, which is compatible with Arduino.
When a player is hit, the gun sends a signal to the central system over the Wi-Fi network,
updating the scores in real time. The ES8266 wifi is a system on a chip (SOC) with an
integrated TCP/IP protocol stack that can give any microcontroller access to a chosen
Wifi network. It's capable of hosting a Wi-Fi network, making it a viable choice for
real-time communication in applications such as laser tag. This SoC can provide any
microcontroller with access to a chosen Wi-Fi network, enabling real-time score updates
in a laser tag game.
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Wi-Fi communication offers several advantages. Firstly, it provides a larger range of up
to 100 meters, making it suitable for large arenas where Bluetooth’s range might be
insufficient. Secondly, Wi-Fi modules like the ESP8266 are compatible with popular
microcontroller platforms like Arduino, making them easy to integrate into various
applications. Thirdly, Wi-Fi allows for real-time communication, which is crucial for
applications like laser tag that require immediate feedback. However, Wi-Fi
communication also has its drawbacks. One of the main disadvantages is power
consumption. Wi-Fi modules consume more power compared to other wireless
communication methods like Bluetooth Low Energy (BLE). This could be a concern for
battery-powered devices like laser tag guns. Another potential issue is interference. Wi-Fi
operates in the 2.4 GHz or 5 GHz bands, which are shared by many other devices and can
lead to signal interference. In comparison, Bluetooth, specifically BLE, is designed for
short-range communication and consumes less power than Wi-Fi. It’s ideal for
applications that require low power consumption and short to medium range
communication. However, its range is typically less than that of Wi-Fi, making it less
suitable for large arenas.

In conclusion, while Wi-Fi communication offers advantages such as a larger range and
real-time communication, it also has drawbacks like higher power consumption and
potential for interference. The choice between Wi-Fi and other communication methods
like Bluetooth would depend on the specific requirements of the application. For a laser
tag system in a large arena, the benefits of using Wi-Fi could outweigh the drawbacks.
However, for smaller arenas or power-sensitive applications, other communication
methods like BLE might be more suitable.

Table 14. Wireless Connection Non-MCU

IR Bluetooth Wi-Fi
Communication Infrared light pulses | Radio waves Radio waves
Type
Range Up to 5 meters Up to 100 meters Up to 100 meters
Data Transmission | Moderate 1-3 Mbps Up to 600 Mbps
Speed
Power Low Slow to Moderate Fast
Consumption
Complexity Low Moderate High
Interference Low (line-of-sight [ Moderate (2.4 GHz [ High (2.4 GHz or
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required) band shared with 5 GHz bands
other devices) shared with other
devices)

Use Cases Suitable for Suitable for Suitable for
close-range, medium-range long-range
line-of-sight communication communication
communication between guns and a | between guns and
between guns and central system a central system,
sensors especially in large

arenas
3.2.9 Others
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4.0 Standarts and Design Constraints

4.1 Standards

4.1.1 Standard 1

4.1.2 Standard 2

4.2 Design Constraints

4.2.1 Design Constraint 1 (Time)

4.2.2 Design Constraint 2 (Environmental and Social)

4.2.3 Design Constraint 3 (Safety)

4.2.4 Design Constraint 3 (Manafactory and Sustainablility)
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5.0 Project Hardware and Software Design

5.1 Printed Circuit Board (PCB)

The PCB is the main connector of components in this project. The main goal on the
hardware side of our project is to design an advanced PCB that is compact and effective.
The PCB will connect the MCU, any controllers, and the WIFI module so that they can
efficiently communicate with each other. The reason for the requirement of the PCB is for
the optimal design that is an industry standard. We plan to make our PCB single-sided
with one copper layer since we have a low component density.

Development and design of the main PCB will be done using the Autodesk Eagle
software as this is also industry standard, but before starting any design the parts will be
chosen to see which are available for order. Eagle offers a wide range that aid in the
designing of the PCB: the layout editor which supports complex board designs over
multiple layers, the schematic editor which makes it easy to draw any circuit designs, and
the huge library of component footprints that already exist in EagleCAD to name a few
things. Once the design has been checked and validated and the manufacturing files have
been generated, we can select a PCB manufacturer to be able to get the physical board.
RushPCB is one of the manufacturers we are looking at to help the creation of this board
come to life.

The PCB's main purpose is to connect the internal components such as resistors,
capacitors, integrated circuits, etc. by physically attaching them to a substrate; this is done
in an organized manner to make their interconnections a much simpler process. Another
functionality of the PCB is to distribute the power provided by the source to the various
other components connected to the board. This means the voltage and current levels need
to be tuned properly for each component to operate correctly.

Now, when discussing the importance of the PCB to the final design we need to
understand what advantages a PCB offers. A PCB connects different components with a
designed layout using etched copper tracks. When a circuit becomes more complicated
and requires more time and wiring to develop, a PCB is the only feasible option as its
compact and reliable design makes connecting the different components a breeze. In
addition, a PCB allows for the minimization of interference, noise, as well as signal loss
with careful calculation of the trace layout; all of which is vital for the successful
operation of electronic components at high speed and high frequency. Once we start
dealing with high-power components the heat generated by these components is
something that needs to be properly dealt with, PCBs allow for the use of copper traces,
thermal vias, and heatsinks to deal with said issues. In today’s technological world we
have automated the process of creating PCBs allowing for mass production thereby
reducing cost and increasing production of electronic devices. To sum it all up, a PCB is
so important because of the advantages they offer over other methods: facilitating
electronic connections, ensuring signal integrity, power distribution, heat dissipation,
compact and reliable designs, and cost-effective manufacturing. It is also important to
note without a functioning PCB the entirety of the project will not function, therefore
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making it single handedly the most crucial piece. When connecting the different
components to the PCB, we must figure out what other kinds of circuits will be required
to ensure everything is functioning properly. For example, the MCU will require a voltage
regulator to provide stable voltage levels to it as well as the other components. A Power
Management IC (PMIC) is another circuit that would come in handy in controlling and
managing a system's power requirements. When we need to decouple different ICs or
regulate any fluctuations in the power supply, we can use the capabilities of filtering
capacitors. Additionally, we will utilize a display interface such as an LCD display.

Furthermore, there are certain qualities that make it possible to integrate all our
components: MCU, RGB controller, and Wi-Fi/Bluetooth module using a PCB.
Conductive traces and pads are essential as the traces as the electrical wires on the board
and are the means of connecting different opponents. The pads, however, are small areas
of copper exposed for component leads or pins to be soldered to; these are designed to be
the physical points of contact between the PCB and its components. Layering is an
essential feature of the PCB as it allows multiple conductive traces connected to each
other separated by an insulated material. The advantage of layering is that different layers
can carry different signals and power levels; a more compact design with more
complicated circuitry is the result of this PCB quality. Moreover, we also have the use of
vias: through-hole vias and blind and buried vias being the common way of use. While
through-hole vias allow for the interconnection between different layers of the PCB the
blind and buried method does the same but does not need to completely pierce both sides
of the PCB. To create a secure electrical connection for each component in the PCB we
must design a designated spot for each component and solder each component in their
corresponding location. Similarly, silkscreen is strongly suggested to be used as a means
of identifying component locations and orientations, printing labels on the board, and
adding any other information that the designer deems helpful. Although not necessary, the
importance of this feature can be most appreciated during assembly and troubleshooting.
Something often overlooked when talking about PCB creation is the surface finish
applied to the copper traces and pads to prevent oxidation and improve solderability, thus
improving long-term durability. Finally, it is important to note that including many test
points to allow for electrical testing to make sure all connections are working and there
are no short or open circuits is highly recommended.

Table 15. PCB Comparison

Feature PCB Breadboard Perfboard

Nature Permanent Temporary Semi-permanent

Assembly Soldering No soldering, Soldering
components to a components are components
custom-designed pushed into spring | through pre-drilled
board clips holes

Flexibility Fixed design; Highly flexible; Flexible;
changes require a | easy to add, components can be
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new board remove, or change | rearranged by
components soldering
Durability High: designed for | Low; repeated use | Moderate to high;
long-term use can wear out depends on the
connections quality of soldering
Complexity and Suitable for Best for simple to Suitable for
Scalability complex and moderately moderate
scalable projects complex prototypes | complexity;
scalability is limited
Cost for High initial cost Low; reusable for Low to moderate;
Prototyping for design and multiple projects depends on the size
manufacturing and material
Lead Time Long, includes None; available for | None to low;
design, fabrication | immediate use requires manual
and shipping assembly
Design Visibility Low: components | High, easy to Moderate; easier to
and traces are visualize trace connections
fixed, making connections and than PCBs but
troubleshooting make adjustments harder than
harder breadboards
Suitability Final product or Early-stage Intermediate
advanced prototyping and prototypes or when
prototypes learning a more durable
solution than a
breadboard is
needed without the
full commitment to
a PCB

5.1.1 PCB Software
5.1.2 PCB Design Philosophy
5.1.3 PCB Schematic

5.1.4 PCB Layout

5.2 3D Phasor/Gun Design

The primary objective of the housing design is to establish a laser tag gun that is capable
of simulating our chosen design. It must also be able to have a functional enclosure
capable of accommodating essential components of laser tag such as a trigger system,
microcontrollers, batteries, and an infrared emitter. These are the basic goals we have
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established to properly create a laser tag system. Furthermore, beyond these basic goals,
we have established possible stretch goals or additional goals that can further enhance the
experience itself and improve the overall function of the project.

One key stretch goal includes implementing a LCD display on the gun itself. This display
will be able to not only just indicate the progress of the game but also the ammo count
and health of the user himself. This possible addition to the game will add another layer
of immersion on top of the gun itself.

Another possible goal is the implementation of a reload system. Many already existing
laser tag systems also include a reload system but they achieve this by just simply having
a button on the side of the gun that will just simply add more shots to their gun. Our goal
for this project is to further enhance this aspect by being able to have a separate magazine
system in which the process of reloading does not just simply stop at pressing a button.
Our plan is to be able to properly unload the magazine itself and put in a new magazine,
this process is to replicate the realistic aspect of reloading a gun by having to replace an
“empty” magazine. The purpose of doing this is to make the system itself more realistic
so it can be better utilized in proper military simulation training.

Furthermore, the design itself can possibly replicate the ability to add various attachments
to the gun itself. Examples include scopes, rail guards, foregrips, angled grips, and
different stocks. The ability to add attachments can be achieved by utilizing established
concepts such as Picatinny rails or M-LOK systems to hold these attachments onto the
gun. Firearms in the real world in the world also utilize similar systems to hold
attachments like scopes in their designs. Also, the addition of modular stocks would
allow us to retain the batteries for the laser gun system inside the stock itself. This would
also provide the possibility to change the barrel/shroud to increase the range of the laser
gun. This could be accomplished by having a separate modular barrel containing a
stronger infrared emitter or a more powerful lens to extend the signal's range. As a result,
all of these potential options would create a modular aspect of the design itself, further
enhancing the laser tag experience. Each user would be able to create or design their own
modular gun, tailoring it to their preferences and playstyle.

5.2.1 3D Printer

There are many different types of 3d printers that we can utilize to print the 3D model for
the gun. Out of the many choices, the one we have the easiest access to is the Ultimaker 3
due to one of the members of the group already owning an Ultimaker 3. However even
though we have easy access to a 3D printer, it is still vital that we analyze alternative 3D
printers outside of the Ultimaker 3. The other alternatives that we decided to explore was
the Creality Ender-3 and the Prusa MK4. These printers stands as formidable alternatives,
boasting features comparable to the Ultimaker 3 and some having capabilities that exceed
the Ultimaker 3. But of course due to not owning any other alternatives outside of the
Ultimaker 3, the group would have to include the 3D printer into the budget and due to
the high price of the printers it would affect the overall budget throughout the project.
This can cause budget issues where other areas of the project needs to be decreased in
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price to further afford buying a new printer. And as such we also need to consider
customer support in the case of possible malfunctions with the printer.

Table 16. 3D Printer Comiarison

Price $200 $3000 $799

Print Speed 50-60 mm/s 40-75 mm/s 50-80 mm/s

Travel Speed 180 mm/s 150 mm/s 600 mm/s

Wall Thickness 0.4 mm 0.4 mm 0.4 mm

Extruders Single Extrusion Double Extrusion | Single Extrusion

Heated Bed >= 110 Celsius >= 135 Celsius >= 120 Celsius

Bed Size 220 x 220 x 250 230 x 190 x 2 250x 210 x 220
mm mm mm

The Creality Ender-3 stands as a very budget friendly option and still compares to the
other printers as a contender in the 3D printing world. Even with its very highly
affordable cost, it provides great versatility and is overall extremely popular among 3D
printer users. It is also known to be extremely robust and have a extremely high durability
that allows the printers to continue even when encountering an issue or printing poorly.
One of the defining features of the Creality Ender-3 is its ability to be easily modified or
have many modular parts that can be changed or replaced. And these changes also boast a
fairly affordable price allowing you to easily modify the 3D printer to the specifications
you might need for the project. Overall the Creality Ender-3 stands as a very possible
option that we need to consider for the project and with its cheap and affordable price of
$200, it stands against giants like the Ultimaker 3 and Prusa MK4.

The Prusa MK4 continues its legacy from the Prusa MK3 which as a result improves on
the already very robust and well rounded Prusa MK3. One of the greatest factors that the
Prusa MK4 continued to improve on was its very friendly interface and easiness to print a
model that the user has designed and wanted to print. Like the Creality Ender-3 and
Ultimaker 3, it contains a fairly well sized heated bed and versatility in its ability to print
different types of filament when considering the situation or environment that the model
would be used in. Also its commitment to being a open source project allows many
different users to troubleshoot and allows support between the different users in the
community. Further enhancing the support of the overall 3D printer by simply not
restricting and even further fostering support between the members and users that uses
the Prusa MK4. In the end the Prusa MK4 stands as a very high quality and high
performance printer that was considered when choosing what 3D printer we will utilized
within our project.
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The Ultimaker 3 boasts a very precise ability to print and also the ability to dual extrude
allowing for either two colors or two different materials to be printed at the same time. It
is the ideal printer for this project since it allows very precise printing that is necessary to
show all the details on the gun. Also with it boasting a high ability to print with large
overhang, the need for supports to be within the design is lessened and a more accurate
and smooth look to the gun can be achieved. Also having personal access to an Ultimaker
3 would ensure a seamless workflow and also allow efficient production and testing with
the design. As a result, we will be able to achieve the desired aesthetic and design we
want for our laser gun model. Overall the Ultimaker 3 is a great choice for a 3D printer
due to the combination of accessibility, versatility, and reliability and will allow us to
create the 3D housing for our laser tag system.

5.2.2 3D Modeling Software

In terms of 3D Modeling Software, there are a lot of different options that we can use to
CAD the 3D model of the gun. Some options are Fusion 360, AutoCAD, SolidWorks,
Creo, or Onshape. Each one of these programs boasts different tools and capabilities
when designing your own 3D model. With most having access to possible Al assistance
and most of the program boast about having very high customer support whenever the
user needs assistance. Also most of the programs has an expected skill of level of
professionalism with the exception of Onshape where it was mostly created for students
or hobbyist trying to learn and understand the capabilities of CAD and how to use it to
create a 3D model for their own personalal use. One major issue that we must analyze is
the possible cost of using some of these programs and the different possible ways we can
use to get the program at a lower or free cost.

Table 17. 3D Modelini Soitware Comiarison Table

Cost Annual Annual Annual Free of cost
subscription of | subscription of | subscription of
$2030 $2820 $2950

Access to Yes Yes Yes Yes

Cloud

Expected Skill | Professional Professional Professional Hobbyist
Level

Automation or | Has access to Has access to Has access to Has access

Access to Al Al assistance Al-powered Al-driven even though
that could design tools generative minimal to
possibly assist design Al-driven
with generative
automation and design
insights
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Customer High customer | High customer | Basic customer | Minimal

Support support support support customer
including including including support with
possible calls | possible calls possible calls | no support
or about over the
appointments installation phone

Program or Program and Program and Program Web

Web Web Web

AutoCAD is a very well-known program for creating CAD models in the professional
world. This program boasts high versatility, high precision, easy customization, and easy
visualization with its high-end rendering tools. Also, its ability to integrate other
AutoDesk software and third-party applications offers a high level of collaboration
between different platforms so users can easily import and export files. As such when
designing CAD models, it is very easy to import reference materials when creating the
model. It also allows scripts or plugins using the AutoLISP or .NET languages so the user
is able to customize the AutoCAD program to their own liking. But even with all these
advantages, AutoCad still has a fair amount of disadvantages when using the program.
One of these disadvantages that really needs to be considered is the high cost of
purchasing the program the inability to make a one-time purchase and the requirement of
a subscription. Also, AutoCAD is mainly used for professional use meaning that the
learning curve to use the program is extremely high and it is extremely complicated to
use as a beginner, student, or hobbyist trying to get into 3D CAD model creation.

SolidWorks is another program option for creating CAD models, similar to AutoCad and
PTC Creo, this program is mainly used and seen in the professional setting. One of the
features that SolidWorks is well known for is the extremely powerful parametric
modeling which allows users to create very complex 3D models with ease. Any changes
or visions for the 3D model are effortlessly created or envisioned when using the many
different tools that SolidWorks provides. It also contains a very user-friendly interface
where it is easily used and learned by not only experienced professional users but also
beginners trying to learn how to create a CAD model. Its ability to also create simulations
allows the users to better visualize how the CAD model will work in the expected
environment and how different parts of the model will function when utilized in real life.
But similarly to AutoCad, it contains a fair amount of disadvantages, one of these
disadvantages is the annual cost to use the program. For this project, we will not be able
to afford the cost of the annual cost of the program and need to look into possible sources
of the program when using our student identities. Also, SolidWorks is known to have
poor MAC support since it is primarily designed for a Windows operating system. This
will hinder our progress if one of our group members utilizes the Mac operating system
instead of a Windows operating system.

PTC Creo is also a fairly well-known program in the world of CAD model designing.

The program itself is similar to SolidWorks and AutoCad where it has its own very
complex tools and provides robust but not complicated parametric modeling tools
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allowing the user to create complex 3D models with ease. It also provides access to other
possible designs such as 2D sheet metal designs, assembly modeling, and the basic CAD
part modeling. The program also boasts a very advanced simulation and analysis which
could be seen when one of the members of the group previously utilized the program for
the FIRST robotic competition. Its ability to create advanced simulations further
enhances and improves its ability as a robust CAD program. But of course, like the
previously analyzed programs it contains a very high starting cost requiring you to
subscribe every year instead of purchasing the whole program once. Also due to its
advance simulation capabilities, it requires a high-performance computer with sufficient
specifications that can run the program. PTC Creo itself is a very resource-intensive
software and like any other resource-intensive program, is very prone to crashes or
glitches while using the program.

The option that our group decided to utilize is Onshape due to being free for students and
the ability to share and export freely between the members of the group. There is also no
need to download the software on your PC as the program can be utilized through your
browser. Hence allowing you to work on the CAD design from anywhere you want and
from any computer that you have access to. The requirements for running the software
are outlined below in Table.

Table 18. Requirements for Onshape

Operating Systems macOS version 10.12 or higher, Windows 7
or higher
Browsers Google Chrome, Mozilla Firefox, Safari

(Mac OS only), Opera, Microsoft Edge
(Not including Microsoft Internet Explorer)

Graphic Card 512MB GDDR 4GB Dedicated
Memory ~3 GB
Internet DSL or faster

All guides for the Onshape Cad software can be found not only on internet sources such
as YouTube but also on the dedicated guides that are created by the Onshape team. Some
of the tools on Onshape are very similar to other tools found in other software so there
will be a little bit of getting used to how Onshape works as compared to other software
for the members of the group that has some experience with 3D modeling.

Our plan with Onshape is to properly model all the different components that we are
using to properly test the design in a virtual setting. Then we can implement it together
after printing all the 3D models in real life. This way we can resize the housing without
having to constantly print and test the shape of the housing. Also, the ability to share the
project with the other group members over the cloud will allow an easier explanation of
the overall design as a group.
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One of the issues with 3D CAD design and 3D printing is the problem of any slight
change with the design in the CAD design will require a complete reprinting of the
physical 3D Model possibly taking up to an entire day to print. This also includes needing
more filament to print the new changes and also the scrapping of the previous prototype
since it would not contain the new changes. This can occur for a big change in the design
but also for even a very small change in the design. This is hopefully minimized by
separating each major part of the gun into smaller pieces. So instead of having to
completely reprint the whole model, we can just reprint the small part that we changed
and apply it to the complete design.

5.2.3 Laser Gun Theme

One of the major components of this project is the aesthetics and looks of the laser gun
design that we chose to create. There are many different options and aspects that we can
apply to the design. For instance, the gun can adopt either a realistic or futuristic theme
for the overall design. The realistic theme can replicate some real-world gun designs so
when used for military simulation it would provide the correct authentic feel for military
training. But this can also possibly introduce some safety issues where having a
too-realistic gun can cause fear and panic if seen in a public situation. Conversely, a
futuristic gun design with a more toy-like look would induce less fear than a realistic gun
but there are still many different aspects that we need to look into.

A realistic design for the gun design would make the goal of creating the project for a
military training simulation more achievable. It would also add a more immersive feel to
the laser tag system as for many laser tag enthusiasts, many would like the tactile feel and
appearance of a realistic copy of a firearm. Also, the aesthetics of the whole design would
add a more enticing feel to the system if applied to the market. Of course, due to making
the gun more realistic, there are many different constraints that we must follow in the
designs. Such constraints could include legal and safety issues if seen with the 3D model
in public. A realistic model of the gun can lead to panic or alarm if seen by others and
result in a large issue for the user. Also, many different laws are preventing open carry of
a firearm, and making the gun too realistic can make it get mistaken as a real firearm.
Also for another issue with making a realistic gun model is the stigma or perception that
firearms are a negative symbol of violence and aggression. Leading to possible issues if
our group decides to push the model to the real-world market.

A futuristic design veering toward a more toy-like appearance would solve many of the
issues that come with a realistic design. Opting for a futuristic toylike appearance would
prevent the situation of the model being mistaken for a real firearm hence reducing the
potential safety concerns when bringing it out in public. Also with a futuristic design, we
are allowed any sort of design for the gun and not forced to follow the basic format that a
real firearm would follow. We can easily include many lights, colors, shapes, or unique
elements that would typically not be seen in a real firearm. Also, the whimsical design of
a futuristic toy-like appearance may appeal to a broader audience such as younger
families and children. The more we avoid the realistic gun model design the more
family-friendly the laser tag system becomes since it becomes more approachable. But
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even with these really strong strengths with a futuristic toy-like design, there are many
other issues such as lack of authenticity as it may look too much like a toy and lack the
appeal of a somewhat authentic military simulation at home. Also, some older audiences
might view the laser tag system as childish and immature as the gun model itself is meant
to look more like a toy. Another issue that we need to address is that we will need to
personally create the design of the gun. Unlike a realistic model of a gun where we can
use guides or pictures of the real firearm as a guide to the design of the CAD model. This
will require creativity and innovation to develop a model that stands out from existing
designs

For this project, we decided if we can and the ability to, we would like to create two
different models for the gun design. One that is fairly realistic and can be used for
military simulation and training. Another one is that it is more toy-like and can be seen as
more easily approachable for hobby or home use for children. We would like to make our
systems more well-received by all audiences or people interested in our project.

5.2.4 Laser Gun Designs

Considering the overall shape of the gun model for the laser tag system goes beyond just
aesthetics and designs, it also involves the functionality and practicality of the system.
Real-life firearms are typically cataloged into groups such as pistol, rifle, submachine
gun, and sniper. Each one of these has their strengths and weaknesses to their design. It is
vital to choose a design that would best fit our project and properly cover all
requirements that we need the housing to have to complete our laser tag system.

Table 19. Gun Desiin Comiarison Table

Size and ~5x~5.5 ~27x~9 ~17x~9 ~43 x ~7
Portability inches and inches and inches and inches and
High Low Portability | Medium Low
Portability Portability Portability
Complexability | Low due to High due to High due to Medium due
small size and | many different | many to different
simple overall | designs and different designs
design possible designs and
additions possible
additions
Possibility of [ Low ~5 x ~2 High ~27 x ~5 | Average ~17 x | Average ~43 x
Internal Space | inches inches ~5 inches ~4 inches
Possible Ability to add | Ability to add | Ability to add | Ability to add
Attachment sights and sights, stocks, | sights, stocks, | sights and
barrel shroud shroud barrel
attachments attachments, attachments, attachments
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barrel barrel
attachments attachments
Overall Style Simple design | Complex Complex Average
(1 - 5 rating) 2 rating Design Design Design
5 rating 4 Rating 3 rating

A pistol design would make the overall CAD model fairly simple to design as the pistol is
typically a fairly small object. As a result of its small size, it is very portable and easily
carried around when playing laser tag. Also, a pistol would cause a little bit less panic as
compared to a rifle in public. The shape of the pistol also seems more accessible as new
players can easily understand how to utilize the pistol and would be less scared to play
with it. But of course with its small shape, it comes with a lot of issues when trying to
implement it into laser tag. Due to its small frame, it would be very hard to place the
components inside the pistol and the batteries themselves can't be too big. Also, there is
less of a chance to customize the gun when adding attachments as even in real life the
pistol has a very small capability to customize using attachments.

A rifle design would solve a lot of the issues that a pistol design consists of. One of the
problems it solves is the increased size resulting in more space in the housing. This
additional room allows for better organization and integration of essential elements,
contributing to the overall efficiency and performance of the laser tag system. Also due
to the rifle being one of the most recognizable gun designs in the real world, it would be
fairly recognized and would easily allow the experience to be more immersive. There are
also many different rifles in the real world that we can use to base our 3D model on.
Moreover, the inherent capability to customize real-life rifles would apply to our own 3D
model laser tag rifle. As a result, being able to accessorize your own rifle, would further
enhance the user experience by providing different options for how they want to design
their rifle. But of course, since the rifle is the most recognizable shape for a firearm, if
seen in public would cause panic as many would mistake it as a real firearm. This will
introduce the issues of the many different safety additions we would need to make to
prevent such panic in public. And with how large some rifles can be, it would be very
hard to safely transport the prototype model to test or even to play in public.

A submachine gun or SMG design would be the middle ground between the pistol and
rifle design. An SMG would be easily portable and still contain a plentiful amount of
space for the housing of components. The shape of the SMG would also allow all users to
easily wield and use the laser tag gun. The SMG also boasts about having the same
amount of capability to customize as the typical rifle design. It is also mostly used and
associated with military or law enforcement which would allow the project to be used for
military or law enforcement training simulations. One drawback to consider is that the
SMG doesn’t conform to the typical firearm design that people envision when thinking
about firearms. Unlike the universally recognized pistol and rifle designs, the SMG may
be less familiar to many individuals. As a result, some players may feel less immersed in
the game with an SMG, as it may not evoke the same sense of realism and authenticity as
other firearm models. This lack of familiarity could potentially detract from the overall
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gaming experience, particularly for players who value a high level of immersion and
realism in their gameplay or military training and want to achieve the highest level of
realism.

Opting for a sniper rifle design could offer unique benefits for the gun design, despite
being less typical for a laser tag system. One advantage is the distinct tactile feel of a
sniper rifle compared to more common rifle or pistol designs. The longer barrel, optics,
and specialized shape of a sniper rifle could provide players with a different and
potentially more immersive experience. Additionally, sniper rifles play a crucial role in
military operations, with specialized positions dedicated to marksmanship and long-range
shooting. Incorporating a sniper rifle design into the laser tag system could better
simulate military training scenarios that require precise target shooting over long
distances. This could enhance the authenticity and effectiveness of training exercises,
particularly for military training in marksmanship and reconnaissance roles. Overall,
while a sniper rifle design may not be the most typical choice for a laser tag gun model, it
offers unique advantages in terms of gameplay experience and simulation. By carefully
considering the benefits of a sniper rifle design, we can apply such benefits to the final
gun design furthermore enhancing the realism, functionality, and player experience.

In conclusion, the shape design that we decided to utilize is the Submachine Gun or
SMG. The SMG design emerged as the most suitable choice as a result of its compact
size, ease of design, and customization. Additionally, the shape itself would cater not
only to the military personnel for military simulation training but also to the hobbyist
playing laser tag in their backyard. Overall the SMG design shape includes the most
benefits as compared to the other options and at the same time accomplishes all
requirements necessary to implement the laser tag system and enhances the user's
experience and overall enjoyment of the laser tag system.

5.2.5 Possible Materials

The material used for the laser tag gun housing is a vital aspect of the project as the
material itself needs to be very durable and portable to be able to be utilized for our laser
tag project. The material itself cannot be too heavy as it would be impossible to carry and
utilize. This will prove difficult as a lot of stronger materials such as metal are inherently
heavy and will also add another level of difficulty when trying to shape and create the
housing for the gun.

Another option would be wood as it is very simple and easier to use to create the housing
for the gun. It is also easier to shape and even easily accessible as a simple hardware store
will be able to sell you wood. However, opting for wood as the primary material presents
challenges, especially when considering the need to contain essential components within
the gun housing. Wood's inherent limitations in terms of strength and precision may pose
difficulties in securely holding and organizing the intricate array of components required
for the laser tag system. Despite its ease of shaping and availability, wood may not offer
the structural integrity necessary to support the functionality of the laser gun and ensure
the reliable operation of its internal mechanisms.

71



An additional possible material that we have considered is the utilization of plastic or
foam for the final material. But both of these prove to be difficult as plastic is hard to use
as a material as there are many different steps needed to properly shape and create the
design. Especially when we need to make a cast model for the gun to properly melt the
plastic and shape it around the cast. And with the other option foam, even though it may
be very easy to shape the model with foam. We will have the drawback that foam as a
material itself is not very durable and very likely to break during testing or use as the
final material. As such all the previous materials considered even though having very
strong strengths, would not be viable as the final material chosen to create the gun.

Table 20. Housing Material Comparison Table

Durability ~70 to ~500 ~50 to ~250 ~1to ~10 MPa | ~40 to ~55

(tensile MPa MPa MPa

strength)

Ease of use Requires heavy | Requires Could utilize | Requires 3D
machinery simple home basic printers and

machinery household filament
tools

Cost 24 x 60 x % 4ftx8ftx3% |36x48x3/16 | 1KG PLA
inch sheet inch sheet inch sheet filament roll
~§56 ~$27 ~§11 ~$20

Safety Dangerous, Semi Not dangerous | Very little to no
could cause Dangerous, to handle but | danger
bodily harm possible wood | chemically
and major cuts | splinter or cuts | dangerous

Weight 168.4931 25t0 70 ~4 pounds per | ~70 pounds per
pounds per pounds per cubic foot cubic foot
cubic foot cubic foot

After analyzing and reviewing the different advantages and disadvantages of the four
different materials, we decided that plastic or 3D printing materials were the best chosen
for our project. This decision was made based on the fact that it is a fairly cost-efficient
material that still holds a fairly good durability. It is also chosen for its ability to be able
to shape and utilize the material easily through a 3D printer. But even though the use of a
3D printer would introduce the problem of having to create a CAD model for the design,
it would allow us to make changes easily and reproduce possible copies when making
multiple models for different users to play with. Also, there are many different types of
3D printing filament with different strengths and utilization that will be analyzed later in
the report.
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5.2.6 3D Printing Materials

As stated before after analyzing the previous different materials we have decided that
using plastic or 3D printing materials is the best chosen material for this project. PLA
(Polylactic Acid), ABS (Acrylonitrile Butadiene Styrene), and PLA-CF (Carbon Fiber
Reinforced PLA) emerged as possible candidates, each with its unique advantages and
drawbacks. By exploring these 3D printing materials, we aim to identify the most suitable
option that fulfills the project's requirements for durability, functionality, and realism in
the laser gun's physical design.

Table 21. 3D Printini Materials Comiarison Table

requires no extra
steps

requires no extra
steps

Cost per KG $20 to $30 $15 to $25 $25 to $35
Strength 39.9 to 52.5 MPa 29.6 to 48 MPa 45.5to 57 MPa
Ease of Printing Easy to print Easy to print Difficult to print

requiring possible
troubleshooting and
cleaning of nozzles

Print Temperature

180 to 220 Celsius

220 to 250 Celsius

200 to 230 Celsius

Environmental
Impact

Biodegradable

Non-biodegradable

Biodegradable

Post Processing

Easy no extra
work

Requires acetone to
modify

Needs extra
post-processing due
to carbon fiber

Warp Resistance Very likely to Very unlikely to Very unlikely to
warp requiring a | warp and very warp and very
particular printing | resilient during resilient during
environment printing printing

Printing Surface Heating bed Heating bed Heating bed
recommended recommended recommended

Polylactic Acid or PLA is derived from renewable resources such as cornstarch or
sugarcane, making it extremely environmentally friendly and biodegradable. It also has a
very low melting point which will improve the quality of the printing process as it
reduces the risk of warping during printing. As a result, this will assist the printer in
having a smoother and more precise print that has less of a chance of having a drastic
failure during the process of printing. Additionally, PLA emits less unpleasant and toxic
odors during printing as compared to other materials like ABS. However, PLA also has
its drawbacks. It has a lower heat resistance being able to melt on a very hot day therefore
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limiting its usage in environments with elevated temperatures. Also since it's very
environmentally friendly and biodegradable, it is not a very good material to leave
outside without protection as it will accelerate its rate of biodegradation over time.

Acrylonitrile Butadiene Styrene or ABS offers many advantages when used as the main
material for gun design. It boasts very high durability and impact resistance making it a
very good choice for rough play or outdoor play. This can be useful as the laser tag
system in a military simulation setting needs to be very durable and strong for
simulations in rough environments. It also has excellent temperature resistance making it
very viable to use outdoors. However even with these very strong advantages still
contains many other drawbacks. One such drawback is that it emits very toxic and
potentially harmful fumes while printing. As a result, when printing the 3D printer itself
requires proper ventilation to reduce health risks. Also when printing, ABS is very prone
to shrinking and warping while cooling which can lead to distortions or deformation of
the final printed object. It has also been researched and seen that many printers have
difficulties printing with ABS as a result of its high tolerance to elevated temperature.

Carbon Fiber Reinforced PLA or PLA-CF combines both advantages of PLA and ABS,
PLA-CF retains PLA characteristics of being biodegradable but also retains the ease of
use when printing with PLA. It also still has the durability and high-temperature
resistance that is commonly seen in ABS. These advantages are a result of containing
carbon fiber in the already resilient PLA. However, as a result of containing carbon fiber
in the filament, it leads to possible wear and tear on the 3D printing equipment. These
repairs can be very expensive and result in further issues with future prints. Also, the
filament itself is usually very expensive compared to the standard printing material of
ABS or PLA. Even with these drawbacks, PLA-CF proves to be a very reliable material
to print and use as a final material for our project.

In conclusion, after looking at all the options, the 3D CAD model will be printed with
PLA. It is considered one of the cheaper options listed and will be very easy to use when
printing the model. PLA was chosen over ABS due to the many difficulties the 3D printer
would experience when using ABS. Considering the many different prototypes that we
might need to print, it would cause great difficulties if the way through the print fails.
Also, PLA is a very liked material that many different 3D printer owners have used
which means that if our project encounters any difficulty while printing it would be fairly
simple to troubleshoot online.
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6.0 Project Prototype Construction

6.1 Integrated Schematics

6.1.1 Gun and Vest Introduction

Within this section, we will discuss and present the prototype designs for physical
housing units for the gun and also the housing unit for the different sensors on the vest.
Each one of these designs is the starting prototype and is expected to be changed or
adjusted based on the different issues or complications that we experience when making
our product. The 3D gun models also contain the different attachments that will be added
to the gun and also include possible areas where more attachments can be added to the
final product. Some of these models are too large to print as one whole model so possible
post-modeling work is necessary to properly cut the model into printable parts for the
user to be able to print the 3D CAD model.

6.1.2 Gun Design

The gun model itself contains many different components that will interact with each
other to create a complete gun. These parts will contain the main gun housing, shoulder
stock, barrel shroud, sights, trigger system, and magazine. Some of these parts will
contain different components within the model itself while others will play the role of an
accessory or attachment that makes the overall system more immersive and unique. Some
such attachments that will act as extra attachments are components such as the shoulder
stock and sights. But components such as the main housing, magazine, trigger system,
and barrel shroud will contain important components that will influence the overall
system. Many of the extra components will contain modular attachments that will allow
the user to easily adjust and change out certain attachments with other possible
attachments developed in the future.
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Figure 5. First Main House Prototype

The initial prototype of the laser gun project can be seen in the image above which shows
the starting point and direction we will proceed with for the main housing unit for the
laser gun project. This main housing unit serves as the main central hub for containing a
majority of the essential elements needed for the laser gun to properly operate as
designed. The design for the main housing unit was created with the intention of creating
a large enclosed space to contain ample room for critical components such as the main
Printed Circuit Board or PCB, and various other components such as buttons and
switches for the user to reload and shoot the laser gun. Moreover, the design of the main
housing unit contains modular options to possibly add more attachments to the unit. One
example of the modular option is the circular ends at the front and back of the gun. These
points will facilitate barrel and stock attachments to the main housing unit. The modular
mechanism for these parts is still being tested and will further be improved throughout
Senior Design 2. Also, the Picatinny rail above is a very common mechanism used even
in real-life firearms. Many real-life firearm attachments use this mechanism and by
including the Picatinny system in our own CAD design we will allow the usage of
external attachments owned by the users and allow external compatibility with other
products.
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Figure 6. First Magazine Prototype

The magazine plays a major role in real-life firearms, without the magazine you would
not be able to reload the gun and allow the user to continue to shoot the firearm. In our
project, the magazine also plays a similar role to real-life firearms, to properly reload the
laser gun you would need to take out the magazine and push it back into the gun
activating a button on the top of the slot that would active the reloading portion of the
code allowing the user to continue shooting. This action is to replicate the movement and
feel that the user would usually experience whenever they had to reload a real firearm.
The ability to replace or change magazines could also add the possibility of holding
different styles of magazines such as a drum magazine or an extended magazine that
creates a different look and feel for the gun. In the prototype design of the magazine, we
simply created the basic curved magazine for a submachine gun with very little design to
enhance the feel and look of the gun. Also, the grips on the side of the magazine allow a
better grip on the magazine whenever using it.
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Figure 7. First Trigger Prototype

The design of the trigger mechanism is highly important for the overall laser gun process.
If the trigger mechanism fails to activate the shooting mechanism of the laser gun then
the laser gun would not be able to function the way it is expected to when firing. Another
aspect of the trigger mechanism that is important is that it would properly reset to its
original position after pushing down the trigger. This will be achieved by having a spring
push back the trigger when the user lets go of the trigger. The spring will be held on by
the circular extrusion in the back of the trigger.\

Figure 8. First Barrel Prototype

The barrel shroud is a very important piece and component of any real firearm in the real
world. This component is visually one of the most memorable pieces of a gun and
without a proper barrel, any attempt to make a realistic-looking firearm would fail. For
our project, the barrel will possibly contain the infrared red emitter and lens to make the
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infrared emitter have a more focused beam for the vest receiver to receive. For this first
prototype, the outside of the barrel is smooth and doesn't contain many different possible
attachments to the barrel.

In the end, the last component that needs to be 3D modeled is the stock of the gun, this
component isn’t very important and is mostly meant for cosmetic reasons. This part of
the gun will most likely be developed and printed as the very last step of the project due
to not having any major parts in the overall system for the laser gun. The stock will share
the same modular system as the barrel and will be placed at the back of the main housing
unit.

6.1.3 Vest Design

The overall vest design is fairly important for the immersion of the game and the product
we are trying to create. The vest will contain the main PCB meant to contain and receive
all the information gathered by the different sensors at different points of the vest. It will
also output the output voltage needed to light up LEDs or send out important information
using Bluetooth or wifi to other users. The main PCB will be held in a very simple but
small box on the chest of the vest and cables will stretch to the other sensors surrounding
each major part of your upper body including the chest, back, left, and right shoulders.
The design of the container holding the sensors is a very typical dome-shaped container,
this container will boast a clear acrylic dome lid that will help infrared light pass through
but also contain and protect any of the sensors. Multiple sensors are expected to be held
in the container to gather and be able to receive in a wide range of degrees. LED lights
will also be within these dome containers to represent where the user gets shot whenever
the sensors get infrared lights as input.

79



Figure 9. First Dome Sensor Container Prototype

6.2 PCB Layout
6.3 Final Coding Plan
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7.0 Project Testing and Evaluation Plan

7.1 Hardware Testing

7.1.1 Hardware Testing Project

7.1.2 Hardware Testing Components
7.2 Software Testing

7.2.1 Software Testing Project

7.2.2 Software Testing Components
7.3 Full Prototype Testing

7.3.1 Main Prototype Testing

7.3.2 Optics Testing
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8.0 Administrative Content

Administrative responsibilities shared between the members of the group are vital to
reseaching and building a working project in the required time frame. There are many
different administrative content shared between the members and each one contains as
much importance as the next administrative content. Such administrative content contains
budget estimates, team collaboration organization, and project milestones. Each one of
these contains vital information or organizational tools to allow us to smoothly work on
the project without missing a deadline or causing a huge obstacle. Without the
organization of these topics the project would most likely not be successful and would
not be expected to finish before the final deadline during senior design II. Also the team
collaboration tools allow seamless communication between the members of the group
and allow us to plan and enact group meetings that would allow us to establish very short
term goals within each week.

8.1 Team Collaboration Tools

Throughout the project, we used many different tools to properly organize team
collaboration and establish group meetings. Tools such as lettucemeet.com and Discord
allow us to have smooth communication during times when we are not face-to-face. Also,
they assisted us in having a group meeting every week to establish the amount of
progress we have made during the previous week. This is very important since we as a
group believe that having consistent meetings every week will establish a smooth
workflow and allow us not to fall behind or slack off during the days we do not have a
meeting. Also in the case of where a member does not understand the small part of the
goal, these meetings would allow that member to discuss their confusion and solve the
issue that they are experiencing. And in the case of a few weeks before a deadline, we
can as a group establish a hard deadline for the group before the actual deadline. In doing
this strategy we allow some extra time before the actual deadline to proofread the paper
or double-check the project to ensure that there would be no issue when submitting the
progress we have so far.

Team collaboration tools such as Discord allow us to facilitate seamless communication
and collaboration with the members of this project. This is especially true in situations
where face-to-face interaction isn’t possible or not needed. Its wide range of uses enables
us to effectively exchange ideas, provide updates, and also coordinate tasks in real-time.
Some of the uses of Discord can be seen below.

1. Customized Channels: The ability to customize the different channels in Discord
allows us to better dedicate specific chats to discuss specific topics, tasks, or
milestones that we would need to achieve. This better organizes the different chats
or talks and prevents possible clusters that would happen if there is only one chat.

2. Progress Updates: The ability to provide progress updates in the chats better
assists this group in keeping track of the total progress to the next milestone. By
scheduling check-ins, we can ensure that we are properly progressing the project
ot the next goal.
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3. Document Sharing: The ability to send links and useful documents helps promote
research and the ability to keep everyone up to date with the most relevant
information. Also when answering questions or showing demos to the other
members of the team we could simply utilize a video to explain the topic.

4. Regular Announcements: The ability to send announcements to the entire group
helps keep the group on topic and also progress in finishing the project.

5. Virtual Meetings: Discord allows group meetings online through different voice
chats on Discord. Through these voice chats, we are able to share our screen and
also even show our webcam to encourage complete engagement by everyone on
the team.

6. Data Storage: Within our group, we utilize Discord to properly manage different
links with useful information or chats that contain relevant research to the project.
One such example is having a chat that contains only the possible CAD designs of
the laser gun CAD and keeping the chat only containing the designs. In this way,
if we need to look back at previous prototypes or research we are able to easily
find it in the chat.

In conclusion, these resources help us establish better communication and workflow
within the group and assist us in establishing milestones and achieving those milestones.
And also facilitates active participation within the group since it allows easy
communication between the members. Instead of waiting for the next meeting, we are
able to discuss issues or obstacles that we came across during the project and quickly
discuss these issues. Without these tools, we would be unable to establish goals to
achieve and properly plan out how to achieve those goals.

8.2 Budget Estimates

Establishing a budget is important for this project due to many varying factors such as
budget allocation, communication of purchase, evaluation of cost-saving options, and
many more. These factors will allow us to not only efficiently proceed with the project
but also assist in making the most efficient product with the lowest cost. Especially
factors such as communication between members and analyzing cost-saving
opportunities are largely important. Communication between members allows to ensure
proper compatibility between parts and also makes sure that no part is purchased more
than needed and only a minimal amount is purchased every time. Also reviewing the
overall budget list and comparing cost-saving opportunities would assist in ensuring that
the project is researched and made in the most efficient way and also the cheapest way
possible.

It is also important to create a budget list to analyze, review, and reflect on the
effectiveness of the budget list at the end of the overall project. When making a final
report or analyzing the overall project we can review the importance of the budget and
see how much changed from the final budget to the budget we created at the very
beginning of the project. And then analyze these changes to see what strategies we
utilized were effective. And therefore gather effective strategies that we can utilize in
future projects that we are a part of.
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The specific merchant for these purchases has not been finalized, but some potential
options are listed below in the parts hyperlink table. Additionally, the specific part or the
quantity has not yet been confirmed, as we can make many different changes throughout
the research and design process. Furthermore, many of the items are going to be sourced
through pre-owned parts among each member so the estimated cost below might vary
from the final cost at the end of the project.

Table 22. Budget Table

Part Part number or | Quantity Cost  for | Total Cost
description each unit

PCB Board N/A 4 ~$15 $60

MCU N/A 4 ~$15 $60

Rechargeable 2000 mAh |4 $19.99 $79.96

Battery 11.1V

LCD Display HD44780 2 $8.99 $17.98

LED lights Multicolor 5mm |1 (Pack of 100) | $6.75 $6.75

Protective Vest | Black  Tactical | 2 $28.99 $57.98
Vest

lkg Black PLA [2.85mm  PLA (2 $24.99 $49.98

filament Filament

IR LED TSAL6100 2 $0.55 $1.10

IR Reciever TSOP34856 10 $1.29 $12.90

Tactile Button Tactile Push | I (Pack of 100) | $4.99 $4.99
Button Switch

Motors ADAT7I11 1 (Pack of 4) $6.99 $6.99

Misc. N/A N/A N/A ~$50

The budget for this project will be divided among the members of this project. As we
progress and purchase each part, we will monitor the expenses and compile a final budget
report at the end of senior design 2.

8.3 Bill of Materials

A Bill of Materials or BOM is a very important document or chart that we need to keep
track of during the progress and advancement of our project. This chart is meant to
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organize and keep track of all the purchases made toward the final project and to analyze
what was used and was needed during the creation of the project. All the receipts and
confirmation for the purchases made for the project will be kept track of in this chart and
at the end of the project we can analyze and compare this chart to the original budget
chart that we created at the beginning of the class.

Any product or purchased materials used during the project will be used in the Bill of
Materials chart. This would not only include major components such as an MCU, power
supply components, and overall physical body design but also any small components
such as LEDs, buttons, kits, screws, and materials used to create the project.

Table 23. Part Table

Elegoo Uno R3 [N/A 2 ~$45 $90
Project  Super

Starter kit

lkg Black PLA |2.85mm  PLA |1 ~$25 $50
filament Filament

Infrared Emitters | 5mm 940nm 1 ~$5 $5
4pcs Breadboard | 2pcs 830 point | 1 ~$9 $9
Kit 2pcs 400 point

LED lights Multicolor 5mm | 1 (Pack of 100) | $6.75 $6.75
MSP-EXP430F | MSP-EXP430F |1 ~$53 $53
R6989 R6989

Misc. N/A N/A N/A ~$50

8.4 Milestones

Table 24. Milestones

Start Date | Estimated | Deadline Task Description
Date Date
01/08/202 | 01/11/2024 | 01/11/2024 | Group Formation | Members: Ethan
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4 Hoang,
Hussen Premier, Jasper
Steensma, and Kevin
Veciana
01/11/202 101/26/2024 | 02/02/2024 | Project Idea Meeting outside or
4 during class to discuss
project ideas
01/11/202 | 02/01/2024 | 02/02/2024 | Divide and [ 10 page Divide and
4 Conquer Conquer assignment
02/02/202 | 02/06/2024 | 02/06/2024 | D&C Meeting Meeting with mentors
4 to discuss D&C
02/06/202 | 02/9/2024 | 02/16/2024 | Update Website | Upload D&C to the
4 website
02/06/202 | 03/22/2024 | 03/29/2024 | 60 Page Report Submit 60-page report
4 milestone
02/06/202 | 03/28/2024 | 04/04/2024 | 60-Page Report | 60-page report meeting
4 Group Meeting | with mentors
04/04/202 | 04/16/2024 | 04/23/2024 | SD1 Final Report | Submit 120-page report
4

Table 3. Senior Design 1 Milestones

SD2 Project Milestones
Start Date | Estimated | Deadline Task Description
Date Date
08/21/2024 | TBD TBD Gather Gather all  missing
Components components for the final
prototype
08/21/2024 | TBD TBD PCB Schematic | Create and finalize the
PCB  Schematic and
order the PCB for the
prototype
08/21/2024 | TBD TBD Overall Finish  the overall
Schematic schematic for the project
08/21/2024 | TBD TBD 3D Parts Cad and | Finish and print all 3D
Printed parts to assemble for the
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project

TBD TBD TBD Prototype Test Start the testing of the
project
TBD TBD TBD Prototype Troubleshoot any issues
Adjustments with the prototype
TBD TBD TBD Prototype Finish the prototype to
Completion present
TBD TBD TBD Project Finished | Finalize and fix small
issues
TBD TBD TBD Project Presented | Present the final project

to the board

Table 4. Senior Design 2 Milestones

8.5 Work Distribution
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9.0 Conclusion
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Declaration:

We hereby declare that we have not copied more than 7 pages from the Large Language
Model (LLM). We have utilized LLM for drafting, outlining, and comparing.
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Sources:

Appendix

1) “Generate a Laser Tag Toy that has an orange tip” prompt: ChatGPT-4, April
2023 version, OpenAl, 29 January 2024, chat.openai.com

2) https://www.instructables. corn/Voltage Amphﬁer/

4) https: //lasertaglsd com/prO]ect/technologx—emmlters/
5) https://en.wikipedia.org/wiki/Laser_tag

6) https //en wikipedia. org/w1k1/Laser

Otag%20market,the%20overall%201ndustry%20revenue%ZOworldw1de
8) OpenLaserTag IR protocol — OpenlaserTag

9) LCD

Pinout, Commands, and Displayving Custom Character

(electronicsforu.com)

10) chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://imlive.s3.amazona

ral%?2 rnment/1D381774647049632202458491 43704

45/Attachment%203_PRFE-PT-00434B_MILES IWS Specification 26 _Mar_201
O(redacted)....pdf

11) https://laserwar.com/

12) https://www.amazon.com/ArmoGear-Infrared-Laser-Blasters-Vests/dp/B076 TOW

19V?th=1

13) https://www.ece.ucf.edu/seniordesign/fa2018sp2019/g10/

Part Hyperlinks:

IRLED

https://www.digikey.com/en/products/detail/vishay-semicond
uctor-opto-division/TSAL6100/1681338

IR Reciever

https://www.digikey.com/en/products/detail/vishay-semicond
uctor-opto-division/TSOP34856/4074519

Rechargeable
Battery

https://www.amazon.com/Cuzieey-11-1V-2000mAh-Gun-Bat
tery/dp/BOB5RJIYR7J/ref=asc_df BOB5SRJYR7J/?tag=hyprod
-20&linkCode=df0&hvadid=617467055999&hvpos=&hvnet
w=g&hvrand=463382757576284819&hvpone=&hvptwo=&h
vgmt=&hvdev=c&hvdvemdl=&hvlocint=&hvlocphy=101515
3&hvtargid=pla-1731688288504&psc=1&mcid=6b0c8fa56a
b736f5b712a632f3977d6c&gclid=CjwKCAiAtt2tBhBDEiw
ALZuhAKjPVZhAIkqygQnpZJkJER4Ne IeRIjRIWFwCTtS5p
8EDkGS5 TYWemxoCDZQQAvD BwE

LCD Display

https://www.amazon.com/HiLetgo-Display-Backlight-Control
ler-Character/dp/BOOHJ6 AFW6/ref=asc_df BOOHJ6AFW6/7t
ag=hyprod-20&linkCode=df0&hvadid=312322349988&hvpo
s=&hvnetw=g&hvrand=10066308934456718597&hvpone=
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https://www.instructables.com/Voltage-Amplifier/
https://www.homemade-circuits.com/how-to-design-power-supply-simplest-to/
https://lasertaglsd.com/project/technology-emmiters/
https://en.wikipedia.org/wiki/Laser_tag
https://en.wikipedia.org/wiki/Laser
https://gitnux.org/laser-tag-industry-statistics/#:~:text=The%20global%20laser%20tag%20market,the%20overall%20industry%20revenue%20worldwide
https://gitnux.org/laser-tag-industry-statistics/#:~:text=The%20global%20laser%20tag%20market,the%20overall%20industry%20revenue%20worldwide
https://openlasertag.org/language/en/openlasertag-ir-communication-protocol/
https://www.electronicsforu.com/technology-trends/learn-electronics/16x2-lcd-pinout-diagram
https://www.electronicsforu.com/technology-trends/learn-electronics/16x2-lcd-pinout-diagram
https://imlive.s3.amazonaws.com/Federal%20Government/ID38177464704963220245849170863543704745/Attachment%203_PRF-PT-00434B_MILES_IWS_Specification_26_Mar_2010(redacted)....pdf
https://imlive.s3.amazonaws.com/Federal%20Government/ID38177464704963220245849170863543704745/Attachment%203_PRF-PT-00434B_MILES_IWS_Specification_26_Mar_2010(redacted)....pdf
https://imlive.s3.amazonaws.com/Federal%20Government/ID38177464704963220245849170863543704745/Attachment%203_PRF-PT-00434B_MILES_IWS_Specification_26_Mar_2010(redacted)....pdf
https://imlive.s3.amazonaws.com/Federal%20Government/ID38177464704963220245849170863543704745/Attachment%203_PRF-PT-00434B_MILES_IWS_Specification_26_Mar_2010(redacted)....pdf
https://laserwar.com/
https://www.amazon.com/ArmoGear-Infrared-Laser-Blasters-Vests/dp/B076T9W19V?th=1
https://www.amazon.com/ArmoGear-Infrared-Laser-Blasters-Vests/dp/B076T9W19V?th=1
https://www.ece.ucf.edu/seniordesign/fa2018sp2019/g10/

&hvptwo=&hvgmt=&hvdev=c&hvdvecmdl=&hvlocint=&hvl
ocphy=1015153&hvtargid=pla-585256965018&psc=1&mcid
=6183eaeb58823389a3359470e66481d7&gclid=CjwKCAiAt
t2tBhBDEiwALZuhAIGrU3by--mfrFC64FU61 _SwY XzMJbt
AO04NgfInEL saMkjWLYaSLxoCJ4UQAvD BwE

LED Lights

https://www.amazon.com/eBoot-Pieces-Emitting-Diodes-Ass
orted/dp/B06XPV4CSH/ref=asc_df BO6XPV4CSH/?tag=hy

prod-20&linkCode=df0&hvadid=167146990738&hvpos=&h
vnetw=g&hvrand=4517666862529742402&hvpone=&hvptw
o=&hvgmt=&hvdev=c&hvdvemdl=&hvlocint=&hvlocphy=1
015153&hvtargid=pla-369941417757&psc=1&mcid=5ea231

ba612a3f49b0b6b3e9baec8a868&gclid=CjwKCAiAtt2tBhBD

EiwALZuhAG200ANWanv1sRJtS4fbCrIBSDYZ7 Nje9dm

vv-YVOVRndGEfOO9NhoCvogQAvD BwWE

Protective Vest

https://www.amazon.com/PYangTian-Tactical-Adjustable-Pro
tective-Equipment/dp/BOCNJZIN1M/ref=sr 1 20 sspa?crid
=126 WG8A6CFBM3&keywords=paintball+protective+vest
&qid=1706571670&sprefix=paintball+protective+ves%2Cap
$%2C91&sr=8-20-spons&sp csd=d21kZ2VOTmFtZT1zcFotd
GY&psc=1

Black Filament

https://www.amazon.com/Polymaker-Powerful-Rigidity-Fila
ment-Cardboard/dp/B09J184B2Z/ref=sr 1 3?crid=2CEUCSI
NOVAGW &keywords=black+filament+3mm+pla&qid=1706
571932 &sprefix=black+filament+3mm+%2Caps%2C92 &sr=
8-3

Tactile Buttons

https://www.amazon.com/DAOKI-Miniature-Momentary-Tac
tile-Quality/dp/BO1CGMPIGY /ref=asc_df BO1CGMPIGY/?
tag=hyprod-20&linkCode=df0&hvadid=309774137275&hvp
os=&hvnetw=g&hvrand=17049300603544878119&hvpone=
&hvptwo=&hvgmt=&hvdev=c&hvdvemdl=&hvlocint=&hvl

ocphy=1015153&hvtargid=pla-640514760452&mcid=1fc6d4
2692553f1ca9b13fcS5cOe2dct3&gelid=CjwK CAiAtt2tBhBDE
iwALZuhAOCzJUQjeY3nJs-UA27ZmG0J-aQKDCxLSP2Ca
8dBuQAQ-OGiXnDqpBoCIkOQAVD BwE&th=1

Motor

https://www.amazon.com/BOJACK-Pcs-Type-130-EK1450/d
p/BO9FPXF1QK/ref=sr 1 67keywords=cheap%2Bmotor&qi
d=1706574257&sr=8-6&th=1

91



