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1. Executive Summary 
 
Go-Karts have been a source of entertainment for the public for many years; 
individuals of a wide group of ages choose them when looking for a fun time. The 
concept of a Go-Kart, and the experience that comes with driving one, has 
remain unchanged since 1956 when Art Ingels invented the first one out of scrap 
metal and a lawn mower engine. These vehicles have not changed the way cars 
have over the years, the purpose of this project is to do just that: to present a 
revolutionary idea of what a Go-Kart should look like and the options it should 
have. With that goal in mind, this project will enhance the experience of those 
who ride Go-Karts for entertainment. The main goal of the Heart Racer Go-Kart 
is to enhance the driving experience of the customer riding it by stimulating their 
senses and encouraging their nervous system to release more adrenaline than it 
regularly would with another, non-modified, Go-Kart.  
 
The project will begin with a basic Go-Kart and a gasoline engine to power it. A 
cage will be built and attached to the vehicle to go around the driver, attached to 
the cage will be a set of lights, in abundancy, capable of changing colors and a 
set of speakers that will play music. The steering wheel of the Go-Kart will be 
modified to hold a speedometer, a touch display, and a pulse sensor. When the 
driver boards the vehicle they will have the option to choose what type of music 
will be played throughout the ride, they will also see the lights change colors at 
the same pace of their heart rate. The high speeds, combined with the effect of 
the music and the changing light colors, increase the release of adrenaline by the 
rider; ultimately leading to a better experience on the track. To be able to control 
all of the components in this project, a microcontroller will be needed; this will be 
attached to the back of the display and will come together with the pulse monitor 
as well, the group of three will be one module. A budget of one thousand dollars 
was established, considered one of the largest constraints; as well as the one 
that will have the greatest impact on the project. It is important that the circuit 
schematics are designed with safety in mind, since all of the electronics will be 
powered by batteries; there is a chance of electric shock when interacting with 
the components that will be used.  
 
While writing this document and defining all of the specifications for this project; 
the group could run into the necessity of using other individual’s intellectual 
property, such as parts’ requirements and tables. To prevent intellectual theft, 
and plagiarism, any time it is needed to utilize a piece of work belonging to 
another entity we will obtain written consent and will give due credit when making 
a reference to it. After completing a full design and defining all requirements and 
specifications for this project, the group will proceed to build a prototype of the 
product which should result, if everything turns out as planned, in the successful 
construction of a Go-Kart that will meet its original mission: to provide its user 
with a more entertaining experience than any other vehicle of its kind in the 
market. 
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2. Project Description 
 
In this section we will be discussing the specifics of this project. We will describe 
the main reasons and motives that led us to decide why we would pursue the 
success of this product, what we hope we will gain from it; skills, knowledge, and 
practice experience. A description of the objectives of this project will also be 
provided, such as its main functionality, and how each component should work 
under a variety of circumstances. The basic project requirements, such as 
individual conditions needed for components to work, will be provided in this 
section as well, along with the specifications that correspond to each of the listed 
components. 
 
2.1 Project Motivation and Goals 
 
After evaluating the different areas of interest of our group members, it was a 
unanimous decision that we would work on a vehicle. Vehicles are projects that 
contain several components and allow for the different goals set by each of the 
group members to be met. 
 
The Go-Kart industry, especially the entertainment aspect of it, has not seen 
many revolutionary inventions or upgrades since it was first invented, except for 
the invention of the electric motor, which has been added to a large part of the 
karts and is even used at a competitive level. After doing some research on what 
kind of projects other student take on while completing senior design, especially 
at the University of Central Florida, we found that there was only one group in the 
department of Electrical Engineering and Computer Science that did present a 
revolutionary idea to the Go-Kart industry: The Laser Kart. As we wanted to give 
this industry a turn and offer to help make it better, we found inspiration in the 
work of our former classmates and designed our own idea of the direction we 
believe this industry should follow. 
 
The different members of the group want to learn and acquire different skills from 
this class and this project. The purpose of learning some of these skills is to have 
some preparation before entering the workforce, or continuing education. It is of 
crucial importance for all members of the group to share their knowledge with 
each other, there are topics in which some of the members are more 
experienced than others, and for the project to be successful; not only should the 
individual members acquire knowledge form their research, but from the shared 
conversations and interactions with the other participants. 
 
All microcontrollers are laid out on a Printed Circuit Board that contains a circuit, 
along with all of its components, around the processor. The combination of the 
circuit and the processor forms and Integrated Circuit that has a purpose, this is 
called a Field Programmable Gate Array. After determining what type of project 
we would be building, it was deemed necessary to design a circuit of this kind, as 
well as programming an FPGA board. It was decided across the group that 
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acquiring such skill of design, from scratch to completed product, would be one 
of our largest motivating facts. Being able to design an integrated circuit and 
produce a working product is one of the most valued skills in the industry. We 
believe being able to enter the workforce with a basic, possibly deeper, 
understanding of this process would give us an advantage over other entry level 
Engineers. 
 
As it has been stated previously, the Heart Racer Go-Kart will come together with 
a set of LED’s, Speakers, Display, and other electronic components that will work 
as a group. In order to get the electronic components to work properly, a circuit 
schematic design has to be completed and implemented, from feeding power to 
each circuit, to ensuring the signals each component receives and gives off are 
correct. Our group would also like to gain experience in the area of circuit design, 
so we find motivation in this part of the project, hoping that ultimately we will be 
able to design circuit schematics based on the requirements for other types of 
components in the industry. 
 
Programming is also a critical component of this project, as successfully creating 
tasks and assigning jobs to the individual pieces of hardware via a language that 
will enable the communication between the microcontroller and the rest of the 
components is crucial. As the majority of our group is composed of Electrical 
Engineering students, it is one of our main goals to become more educated in the 
art of programming and being able to communicate with the hardware we are 
using via software. With the guidance and instruction of the Computer 
Engineering student in the group,  it is expected that all group members apply the 
concepts learned in the basic programming classes they have received at the 
University in order to complete a working prototype of this project. 
 
At the time of deciding whether an electric motor or a gasoline engine would be 
used, several factors were taking into account: Efficiency, Top Speeds, EPA 
friendliness, and Cost. While the Electric Motor came on top on all categories 
except for cost, it was decided this project would be powered by a Gasoline 
Engine due to the cost factor. The budget would have had to be increased too 
abruptly in order to afford the more efficient motor. Using a Gasoline Engine did 
not have as much of a negative effect as we had originally thought, it allowed for 
the group to define a new motivating factor, along with a new goal. It was also 
important for the group members to become acquainted with a skill and topic that 
they had never faced before, in this case; a gasoline engine. Filled with moving 
parts and designed in a way completely strange to the members of this group, we 
deemed necessary to understand the basics of an engine and its mechanical 
components with the goal of becoming educated on the basics of this topic. As 
we will have to build a metal cage on top of the Go-Kart to cover the driver, we 
hope to learn the basics of welding and building a strong and stable structure. 
Ultimately, the combination of the two components mentioned before, cage and 
engine, will give us a basic understanding of the mechanics of this project. 
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The Electronic components we will be using have a range of specifications that 
do not necessarily merge with each other. In order to power the electronics 
components, we will be comparing and evaluating between several options, from 
using batteries, to an alternator and adding an inverter to convert the AC signal 
to DC. After doing our research, and making a decision on which option we will 
follow to power our electronics, we hope to have gained enough experience and 
learned enough to confidently be able to say that we are well instructed on the 
different options available to power a set of electronics.  
 
Finally, the main motivating factor to our project was the ultimate goal of this 
course, graduation. We hope that we can build a successful prototype and have 
fun while doing so. If the project is successful and we can amaze any of the 
companies that are present in this industry at the moment, we would be willing to 
partner with them and possibly pursue an opportunity in the search for 
professional improvement in our careers. 
 
2.2 Objectives 
 
This project has seven components that should work together in order to 
complete the original task we have intended it to do. The separate components 
are: Go-Kart Frame, Engine, Display, Speedometer, Pulse Monitor, LED lights, 
and Speakers. Each component has a designed function to it, and after 
successfully instructing them communicate with each other and perform their 
assigned tasks, we should have a working prototype. 
 
As the driver steps into their cabin, they will clip a pulse monitor onto their finger, 
similar to the ones seen at hospitals, this will allow for the system to evaluate the 
heart rate of the driver throughout the ride. The tactile display will allow the user 
to choose from a list of genres and playlists that will work as background music 
during their drive. While the user is driving the vehicle, they will notice the color of 
the LED’s change from a range according the level of their heart rate (i.e: blue for 
low heart rate or red for elevated rate). The speedometer will also display the 
speed at which the vehicle is traveling. The objective of this project, after all 
components have been brought together and assembled on the Go-Kart, is to 
increase the amount of adrenaline released by the user during their ride in order 
to offer the driver a more thrilling and fun experience when riding one of these 
vehicles. 
 
LED’s are a product that is widely used across multiple industries; they come in a 
wide range of shapes. A common example of the use of LED lights in modern 
day is Christmas season, the time of the year when everyone decorates their 
house, inside and out, with ornaments and lights of all colors; and since LED 
lights are less expensive to power and are more reliable than regular lightbulb 
lights, they have taken over the industry. In this project, we plan on using several 
strips of LED lights, capable of emitting seven colors. These will be mounted all 
across the cage of the Go-Kart and should be bright enough to be seen even 
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during day time. The color of the lights will change as the heart rate of the driver 
varies. 
 
Speaker systems are a common product across the car industry. They have 
been installed on cars for nearly as long as cars have been around, and have 
been improved with the passing of time. Today, some car enthusiasts modify 
their vehicles to be as loud as a House Music concert would be. For the purpose 
of our project, we plan on mounting a set of speakers that will be loud enough to 
overpower the sound of the engine (since it is so close to the driver) without 
completely making the driver unaware of its existence, since the sound of a loud 
engine also adds to the experience of the ride. The speakers will be mounted on 
each side of the seat of the Go-Kart, being held by the cage, placing them 
immediately next to the ears of the driver. The set of speakers will connect to the 
microcontroller via wires that we will run through the frame of the Go-Kart, for 
safety and aesthetic purposes.  
 
The Go-Kart frame and its engine are key pieces for this project, and although 
the work we will be putting into the two will be minimal in comparison to the other 
components; we will still make a collective effort to learn as much as it is possible 
through our combined efforts on this piece of the hardware. Our objective with 
this Go-Kart is to add a metal roll cage to the frame, one that we will use to hold 
the LED lights and speaker system. It is also an objective to purchase an engine 
that needs some work, even if it is minimal, with the goal in mind to learn through 
the process of practice by fixing it. 
 
The Pulse monitor is, just like the other pieces, a crucial part to the completion of 
this project. There are a wide variety of products that will work with the purpose 
of measuring an individual’s heart rate; they are used in the healthcare industry 
while treating patients, the research industry while investigating the effects of an 
event on living creatures (humans or animals), the sports industry to measure an 
individual’s endurance, and many other applications. The role the pulse monitor 
will play in the Heart Racer Go-Kart is to read and log the Heart Rate of the 
human driving the machine, and send a signal back to the microcontroller on 
what the results of such measurements were. It is our objective to learn and 
apply the concepts we gathered from our courses on signal processing, in order 
to become more familiar with a subject that is not in our repertoire of strengths. 
 
Displays have also seen the evolution of an industry, from the first cathode ray 
tube television systems (that would only display black and white) to full touch 
LED displays that are used in smartphones today. They are widely used in 
several industries as well, from television systems to small car displays that will 
tell the owner how many miles of driving they have left in their tank. We are 
interested in the application of tactile displays to microcontrollers, as the display 
in this project will serve the purpose of displaying the information it gathers from 
the heart monitor, along with the names of the songs that are playing through the 
sound system and a corresponding color to the heart rate of the individual. By 
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using a display in this project, we will learn how to successfully wire it to a Printed 
Circuit Board and program it in order for it to display the information it is 
receiving. 
 
Ultimately, the microcontroller will be the brain of the Heart Racer Go-Kart. By 
designing a board that will hold all of the components in this project, including the 
processor, this microcontroller will come together in a small enclosure that will 
also hold the display. By designing a microcontroller and programming it 
successfully, we plan on exercising two skills we have gained while at the 
University: to be able to design a working circuit board, and to create a program 
that will deliver a task  
 
2.3 Requirements and Specifications 
 
As any project, there is a set of requirements and specifications that need to be 
followed in order to achieve completion of our idea. In this section, we will 
discuss the basic set of requirements and specifications that we deemed 
important in order to succeed on the Heart Racer Go-Kart, from the moment the 
idea was first designed, as well as some in depth ones that came to light during 
our meetings, to the final point that determines the plan we expect to follow to 
completion.  
 
The largest component of this project, which is also the one that will carry with it 
the other pieces of the puzzle, is the Go-Kart. The Go-Kart has been classified as 
a requirement to the project due to its importance, and the role it plays; serves as 
the vehicle for the customer as well as the electronics we plan on utilizing. There 
are several types of vehicles that one could decide to use when planning a 
project of this type, such as Dirt or Speedway Racing, Sprint Racing, Enduro 
Racing, Drift Racing, etc. It was decided that this project would make use of a 
Sprint Racing Go-Kart, due to the fact these are enhanced for high speeds 
(which enable the release of adrenaline) and the ultimate goal of the Heart Racer 
is to enable the driver to have a better experience while at the wheel. The basic 
design of the Go-Kart will be altered slightly by adding a roll cage that will cover 
the driver, as these do not come with the stock design of the majority of Sprint 
Racing Karts, with the purpose of being able to hold the LED lights and the 
sound system, as well as increased safety for the customer.  The Go-Kart should 
have an engine powerful enough to reach velocities of at least forty miles per 
hour (40 mph); the engine will be purchased (in one piece) along with the vehicle, 
or separately and mounted on at a later time. It is important to remark that the 
design of the project requires for an engine that is already assembled and needs 
none to minimal work, as time works as a constraint in this project and does not 
allow for the group of students to assemble an engine from scratch. The frame of 
the Go-Kart will be made out of a metal, most likely steel, and the material of the 
engine will be another metal, aluminum will most possibly be such since most 
engines are made out of this material. This Go-Kart will also require a set of 
gears to move the axle and the steering, the size and number of dents in each 
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gear will be determined once the engine specifications have been acquired, due 
to the fact the ratio of gears has an effect on the maximum speed the vehicle can 
reach. 
 
In order to power the onboard electronics, three options were looked at when 
designing the basic concept of the project: use an electric motor, which will 
require four twelve volt batteries (4x12V) and draw DC from the same batteries 
that power the motor, add an alternator, and along with it an inverter, to the 
gasoline engine, or simply add a twelve volt (12V) rechargeable battery to the 
assembly. After it was decided that the electric motor was not a feasible option 
within the established budget, we were left with the decision between the 
alternator and the 12V battery. Ultimately, adding an alternator, and an inverter 
along with it, seemed to push us over the budget almost as much as the electric 
motor did; so we decided to utilize the 12V battery, which can be found for an 
affordable price. Ultimately, the system requirement was defined as One Twelve 
Volt Battery that would power all onboard electronics. This section of the project 
also calls for a fuse box,  since the output voltage is 12V DC and all of the 
electronics have different voltage requirements, we decided it would be safer to 
implement a fuse box to prevent the different components from frying up and cost 
the group more money and straining the budget even further.  
 
With the ultimate goal of enhancing the users’ experience by taking advantage of 
their heart rate to alter the ambience of the Go-Kart while they are at the wheel, it 
was defined absolutely necessary to add a pulse monitor to the project. Several 
options were looked at, and it came down to two possible artifacts: a clip-on 
device that works similarly to healthcare pulse monitors, or a candy bar-like 
device (commonly used in fitness machines such as treadmills or stair-masters). 
The requirement we established called for at least two devices embedded into 
the system, with the purpose of having accurate readings. After analyzing the 
budget constraint on this feature, as well as the most viable method to mount the 
device on the Go-Kart assembly, it was decided we would pursue the clip-on 
device option. This will go connected directly to the Printed Circuit Board 
designed by the group. 
 
The lighting system around the Go-Kart would consist of several strips of LED 
lights attached to the frame, on top of the driver. Since the purpose is to create 
an environment primarily controlled by the lights, by appealing to the visual sense 
of the user, we decided at least four strips would be necessary. The brand of the 
lights or the part number has not been decided yet, but after some research, the 
most possible option at the time is the NeoPixel set of lights, part number 
WS2811S, they accommodate to the budget and are a very viable option in 
terms of programming. The defined voltage requirement for this system has been 
estimated to be between 3.5 and 5.5 Volts. 
 
The sound system is another crucial part of this project, it is the part that appeals 
to the hearing sense of the user, by complementing itself with the sound of the 
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“roaring” engine. While studying the specifications for average engines, we found 
that the majority of them create noise levels around 100dB. Our design 
requirement, then, for this part of the project is a set of speakers that can 
overpower the noise level produced by the engine without completely dissipating 
it, which means our target is to obtain a set of speakers that will be able to play 
their output at a level between 100dB and around 110dB. The power requirement 
for the system will be defined once the specific system has been chosen, since 
there are so many different types of sound systems in the market with a wide 
variety of power specifications this part of the definition must be left blank 
temporarily. 
 
Last but not least, for the electronic components of this project, an embedded 
board will be needed. This will be the Printed Circuit Board the group will design 
and will serve as the brain to our entire system. The processor used will be the 
same as the one used on boards such as the Raspberry Pi or the Arduino, 
although our board will not use the same design specifications. The two most 
viable options for our processor are the Broadcom BCM2835 (used on the 
Raspberry Pi board) and the Atmel SAM3X8E ARM Cortex-M3 (used on the 
Arduino board). Along with the board, will come a touch display around 3” big 
that will allow for the user to choose the type of music that will be played through 
the speakers during the time they are driving the vehicle. 
 
As general requirements for this project, it has been determined with the design 
that around five meters in wires will be required to wire the electronics, some DC-
DC converters to step down the Voltage delivered by the battery to the individual 
electronics, relays, capacitors, and other small electronic components such as 
resistors of varied sizes, among others, will be required to successfully create 
working circuits to accomplish the established goal.  
 
3. Research Related to Project 
 
In this section, we will describe our research process and our findings in regards 
to the project for every component that makes a part of the Heart Racer. Our 
research consisted of finding several options for possible components that could 
be a part of this project, a comparison between them, and a decision along with 
an explanation for why it was decided to choose a certain piece. We hope to use 
the result of our research to become more acquainted with the nature of these 
products and what procedures we should follow in order to be able to utilize them 
properly. 
 
3.1 Main Components 
 
In this section we will describe the research incurred for each one of the main 
components of this project, how it affected our decision making while deciding 
what the real requirements and specifications were, and ultimately (if possible) 
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what part we decided to use for the project and how such part adapts better to 
our project than others, or is in general superior to other parts we looked into. 
 
3.1.1 Display 
 
While doing research for the display, we took into account the initial 
specifications and requirements we had defined. It has to be around 3 inches in 
size since this is the size we believe will be proper in order to be able to clearly 
see the screen from the seat. We proceeded to visit several sites that offer 
displays for development kits such as Adafruit and Sain Smart, and narrowed 
down our options to two possibilities: the SainSmart 3.2" TFT LCD Module 
320*240 Touch Screen Display for Raspberry Pi (sold on Sain Smart’s website), 
and the 3.5" TFT 320x480 + Touchscreen Breakout Board w/Micro SD Socket - 
HXD8357D (sold on Adafruit). 
 
After learning about the Sain Smart, we concluded it is a good quality display. It 
mounts directly onto the raspberry pi board, therefore, it has the same voltage 
requirements as the board, from 4.75V to 5.25V which would allow us to package 
them together and use the same power source. As its name claims, it is a 3.2 
inch TFT LCD display, a variation of liquid crystal displays that uses thin-film 
transistor technology to improve some qualities such as addressability and 
contrast. It has a resistive touch panel and four user defined press buttons. It 
also has a 320x240 display resolution and uses the data bus compatible with the 
Raspberry Pi.  
 
On the other hand, the display sold on Adafruit, which is manufactured by Himax 
Technologies, inc., adapts to all types of boards (i.e Arduino or Raspberry Pi), 
and could be converted to adapt to our personal Printed Circuit Board. It is 5V 
compatible and has two options for input power, logic power supply (By 
connecting it directly to the logic board) which has a range of 1.65 to 3.3V or 
Analog power supply, which has a range of 2.5 to 3.3V. If we were to connect 
this board directly to our designed board, we could use the board as a power 
source for the display, which would make the building and design process much 
easier. This display does not lag behind in its display technology from the other 
option, as it also uses TFT LCD technology, and has a resolution of 320x480 
pixels, as well as a resistive touch capability and a LED backlight which can be 
modulated with a PWM method. Although the board is not manufactured by 
Adafruit, they also provide examples and directions on how to wire it and 
program it properly, another upside of this display over the Sain Smart one. This 
display also has an internal RAM buffer.   
 
After analyzing our research on the display and the possibilities for us to wire it 
and program it, we decided that the display manufactured by Himax is superior to 
the other one as it offers many more possibilities and we have access to more 
resources with this option when the time of wiring and programming comes 
around. We have chosen to make use of this display for our project, as it is not 
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only friendly with the budget we designed, but it is also filled with options and can 
be used in a wide range of forms; ultimately leaving us many ways to test it and 
succeed at making it fill its function. 
 
3.1.2 Speakers 
 
For the audio part of this project we project to use the "Pyle PLMRKT2A 2-
Channel Waterproof MP3/iPod Amplified 6.5-Inch Marine Speaker System." This 
system was suitable for our project because it will produce enough sound to 
overcome the noise from the Go-Kart engine. Compared to other speakers this 
product was chosen due to its pricing, specifications and its design. The product 
is compact and is waterproof which would work very well for a Go-Kart. The 
speakers come with a great amount of features that we as a group have a great 
interest in. They contain a high quality polypropylene cone, suspension cloth 
surrounding the speaker, a white plastic enclosure, a 2” polymer cone tweeter, 
100 Watts RMS / 200 Watts Peak, the frequency response ranges from 80-20k 
Hz, contains an impedance of 40Ω, at 4Ω 2 x 100 Watts RMS, at 4Ω 2x200 Watts 
Max, at 2Ω 2 x 300 Watts RMS, it comes with an electronic crossover network, 
2Ω stereo stable, has an anti-thump turn-on, comes with a soft turn on/off, has 
adjustable high low level inputs, contains an RCA line input, the circuitry has 
power protection, the volume gain is remote controlled, the S/N ratio is greater 
than 95dB, the channel separation is greater than 65dB, contains a fuse at 10A, 
has dimensions of 4.13”Lx3.35”Wx1.38”H and only weighs 6.97lbs.  
 
Of these features that come with the speaker some of them stand out to provide 
a great benefit for our project. These features are the size, weight, frequency 
response, S/N ratio and fuse. All of these features can greatly affect the project 
either in a helpful or a harmful way.  We need the speakers to fit inside the Go-
Kart on the sides of the driver. In order to do this the speakers need to be 
relatively small and the dimensions of 4.13”Lx3.35”Wx1.38”H meet those needs. 
Another characteristic we need for the speakers is their weight. We want the Go-
Kart to reach high speeds and if we add too much additional weight to the Go-
Kart this could hinder its performance. With a weight of 6.97lbs we believe that 
the speakers will not affect the speed of the Go-Kart.  As a group we like that the 
frequency range is relatively great. This will give us a greater range in which we 
can use this product. The S/N ratio also helps the project being that it will allow 
the driver to hear the music clearly even though it will be interacting with the 
environment.  Also we like that the fuse is at 10A because we feel that with the 
size of this current it would be difficult to damage the fuse itself.  
 
As discussed above we believe that this speaker will give our project the results 
we want. These speakers are light weight, small in size, provide a wide range in 
frequency response, have a suitable S/N ratio, and a fuse at a high enough 
current. With all of these key features we believe that the speaker portion of the 
Go-Kart will meet all of the goals we have set aside for it. Each category should 



11 
 

be able to exceed our goals given that it works well with the other components of 
the Go-Kart.  
 
3.1.3 LED lights 
 
It was defined, as a requirement, that the LED lights would be mounted all 
around the cage of the Go-Kart covering the driver. To further explain the specific 
design planned, the lights will be mounted on the inside of the cage with their 
emitting diodes pointing at the driver themselves with the purpose of maximizing 
the amount of light that the user will receive, since LED lights tend to illuminate 
one specific area without contaminating the rest of the environment with their 
light. 
 
When going through the process of investigating what type of product we should 
use, we started by defining some basic characteristics: the set of lights should 
come in strips, and they should be easily programmable, even if this meant the 
cost would be slightly higher. Being able to program the lights without major 
complication allows for us to allocate more time to testing the completed product 
and ensure it works correctly on all types of environments. Two main products 
that met this two basic requirements stood out among the crowds, the NeoPixel 
Digital RGB LED strip (comes in variable sizes and density of LED’s) and the 
Digital RGB LED Weatherproof Strip (comes in variable sizes and its density is 
32 LED’s per meter), both of these products are sold on sites such as Amazon or 
Adafruit. 
 
The NeoPixel 30 LED per meter strip uses about 9.5 Watts of power per meter of 
product. This would translate to a current source of around two Amperes and five 
Volts; the rating has been calculated assuming all thirty of the pixels are on at 
their full capacity (white). They contain their controller chip inside each of the 
LED pixels, allowing for them use one single pin for input and one for output. 
These lights are highly adaptable and can be controlled by using different boards 
such as the Arduino, Raspberry Pi, or Beagle Bone Black. They are made of a 
flexible Printed Circuit Board material and are covered with a weatherproof 
sheathing, which means they could be placed on our Go-Kart and would allow for 
this vehicle to be used under any weather conditions (if the rest of the materials 
is weather proof as well). They are sold by the meter, although they come in 
reels of five meters, and use a 2 or 3-pin JST SM connector. 
 
The Digital RGB LED Weatherproof Strip is similar in most aspects to the 
NeoPixel. It comes with a weatherproof clear casing that can be removed, and it 
is made of flexible Printed Circuit Board material as well. They are 16.5mm wide, 
and 62.5mm long per segment (two LEDs) for a total of 32 LEDs per meter. It 
has a voltage requirement of 5V DC, with the precaution of not exceeding 6V 
(this is a provided precaution for the NeoPixel as well) since it could permanently 
damage the set. Just as the other set of lights, this set comes with the HL1606 
LED controller embedded into each individual diode, which would allow the user 
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to control each LED individually as well. However, regardless of the similarities 
between the two products, this digital RGB LED strip, unlike the NeoPixel, is only 
compatible with the Arduino board, which gives it a slight disadvantage 
compared to the other set since it is not as adaptable. 
 
After evaluating both products and comparing the capabilities each of them can 
offer, we determined that the both could ultimately serve the same purpose if 
used under the same conditions with the same board. The NeoPixel set, 
however, is more adaptable than the other set since it is compatible with a wider 
variety of processing boards, and it is less expensive when the two (30 LED per 
meter for the NeoPixel and 32 LED per meter for the other) are compared to 
each other. For the former two explained reasons, it was decided that the product 
the Heart Racer would use would be the NeoPixel Digital RGB LED Strip. 
 
3.1.4. Pulse Sensor 
 
Portable sensors become more and more popular among portable electronic 
devices and expected to grow in sales up to 5 times in the next five years. We 
had thought it would be good idea to have sensor technology to have as part of 
our project.  
 
There are different ways exist to measure heartbeat of a person. One of these 
non-invasive methods is done acoustically with stethoscope or Doppler. The 
stethoscope is a medical device which allows acoustically listening to the sounds 
in human body. This method of sensing heartbeat did not suffice with the goal we 
want to achieve in the project. Interest of a pulse sensor is to capture heartrate of 
the Heart Racer Go-Kart driver and translate it into LED signal to set appropriate 
color for that heartbeat reading.  
 
Another method to measure heart beat is mechanically with sphygmomanometer. 
A sphygmomanometer is a device to measures blood pressure. Such device has 
cuff to restrict blood flow. Cuff is inflated and mechanical or mercury manometer 
measures pressure.  Such device cannot be call extremely portable, and for a 
driver would be inconvenient to have it around his arm constantly restricting 
blood flow, plus it is extremely dangerous having restricted control of one arm 
while driving. We rejected this method as well. 
 
Third method is to measure heartrate electrically, for example electrocardiograph 
device. Electrocardiograph or EKG records electrical activity of a heart by using 
electrodes. Electrodes are placed on a human body and heart electrical activity 
measured over period of time, electrodes detect any changes arises from heart 
muscle. Then such activity is recorded and displayed on the monitor or printed 
out for doctor or any other person to see. Even though this method, as well as 
previous methods is commonly used in medicine and very reliable, we could not 
consider them for our project due to portability, functionality, implementation and 
cost.  
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Last method to measure heart beat was considered is optical such as Pulse 
Oximeter. Pulse Oximeter is non-invasive device to measure heart rate and 
percent of hemoglobin saturated with oxygen. Pulse Oximeter shines a light into 
the blood vessels in a person’s wrist, and then detect the changes in blood 
volume that occur each time heart beats and pushes blood through body. 
Sensors on the device detect how much light your blood vessels reflect back: 
less reflected light means a higher blood volume. Hemoglobin that transports 
oxygen absorbs infrared wavelength (800-940 nm) of light and hemoglobin that 
does not transport oxygen absorbs visible red wavelength (600-700 nm) of light. 
Backgrounds such as fluid, tissue and bone are factored out of the measurement 
by monitoring the steady state of absorption from bone, tissue, venous blood and 
arterial blood. LEDs are used as the light source and are sequentially pulsed at a 
fast rate. During a heartbeat, blood volume increases and AC component of the 
photodetector's current is used to calculate the absorption of oxygen saturated 
and deoxidized hemoglobin. Pulse Oximeters widely used not only in medical 
facilities but in sports training and home appliances applications. We choose 
optical method as well for our project. Devices using optical principle to measure 
heart rate are compact, portable and not expensive in comparison to other 
devices considered. The one we choose for our project cost less than $30.00. 
Even though, using light to measure a pulse is relatively straightforward when a 
person is at rest, it becomes challenging when the subject moves around. Light 
from other sources, muscle movements and such can interfere with 
measurements of sensors. Our primary goal of the pulse sensor in the project is 
not medical data collection, but rather reading of heart rate to change ambience 
around person to fulfill experience of riding Heart Racer Go-Kart. Therefore, for 
this reason we have agreed that price and portability would be our focus, and we 
would not be concentrating on the error free measurements of the pulse sensor.    
 
3.1.5 Speedometer 
 
Speedometers are the instruments of the measuring how fast a vehicle is moving 
by applied the centuries old concept of calculating distance travel over a period 
time. For the purposes of this senior design projects we have chosen to use an 
electronic speedometer. This is because the electronic speedometer 
complements our project well in that, it requires very little room to be installed 
and I can be fabricated from the existing on board electronics such as the 
raspberry pi micro-controller. The electronic speedometers that will we be 
fabricating is going to be achieve using the raspberry pi, a Hall-Effect sensor and 
a magnetic. 
 
A Hall-Effect sensors are made from semiconductors materials such as silicon 
and germanium, and works by measuring the Hall voltage across the material 
when you place them in a magnetic field. Some Hall sensors are packaged into 
convenient chips with control circuitry and can be plugged directly into bigger 
electronic circuits. The simplest way of using one of these devices is to detect 
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something's position. For example, you could place a Hall sensor on a door 
frame and a magnet on the door, so the sensor detects whether the door is open 
or closed from the presence of the magnetic field. A device like this is called a 
proximity sensor. 
 
To design our speedometer we will be employing the hall-effect sensor as similar 
to the example above, but instead of mounting it to a door we will be mounting it 
to the frame of the Go-Kart and then attached a magnet on the gear the is 
connect unto the driveshaft. The reason for this is that, every time the magnet 
rotates and pass by the hall-effect sensor (which is connected to our raspberry-pi 
microcontroller) it will trigger a current from the sensor being in the presence of 
the magnetic field. The Microcontroller will then simple count the amount time it 
experience this current over a certain time interval, calculating the speed of the 
vehicle and displaying it to the driver on a LCD screen. 
Below is a detail list of how the speedometer will be implemented using the 
raspberry pi, a magnet and a Hall-Effect sensor: 
 

 A magnet connected to one of the wheels (or more likely to a driveshaft 
attached to one of the wheels) rotates at high speed.  
 

 Every time it makes one complete revolution, it passes a Hall-effect (or 
other magnetic) sensor and the field from the magnet triggers the sensor.  
 
 

 A circuit amplifies the signals from the sensor and translates them into 
your instantaneous speed and distance traveled.  
 

 A digital display on the dashboard acts as both a speedometer and 
odometer, displaying the speed and distance side by side. 
 

The Diagram below is a representation of how the speedometer system will 
be laid out with the exception of the microcontroller but instead for the reed 
switch we will be using a hall-effect senor: 
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Figure (1) – LCD Screen Displaying Speed – Permission Requested from Amanda Ghassaei to 

Reprint 
 
3.1.6 Engine 
 
The engine we have decided to use for our project is a 6.5 HP (212cc) OHV 
Horizontal Shaft Gas Engine from Predator Engines. We have been researching 
which engine would be the best type to use for this project and we have come up 
with a gasoline powered, pull start engine. We have selected this type of engine 
for various reasons. First, we went with a gasoline powered engine due to the 
price of an electric motor. The electric motor would have been at least $200 more 
expensive than a gasoline motor with the same output power. There was an 
option to select a push start gasoline powered engine but that would have been 
approximately $50 extra. We did not see a significant benefit in having a push 
start engine so instead we decided to purchase a manual pull-to-start engine. 
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Figure (2) 6.5 HP (212cc) OHV Horizontal Shaft Gas Engine – Permission Requested from Harbor 

Freights 

 
One of our goals is for our Go-Kart to be able to achieve speeds close to 40 mph. 
This engine can put out 3600 RPMs and combined with the rear tires and the 
sprockets will give us top speeds near 40 mph. Another benefit, which aided us 
in our decision to choose this engine, was it was within our price range and also 
capable of reaching 40mph. This made it the most cost-effective choice. We did 
not see the need to purchase an engine with greater HP due to the fact that we 
would still be able to achieve our goal with the correct configuration between the 
engine, sprockets and rear tire size. An engine with more HP would have 
increased the price significantly and we did not want to risk that with the budget 
that we set aside for this part. 
 
Another key feature about our engine is that we have chosen to go with a 
horizontal shaft set-up instead of a vertical shaft. The horizontal shaft makes it 
fairly simple to install into the Go-Kart compared to a vertical shaft which would 
require the purchase of other parts in order to have the engine mounted the way 
we would prefer. As you can see in the images below, the horizontal shaft goes 
parallel to the ground while the vertical shaft is perpendicular to the ground. We 
would be able to mount the engine straight to the Go-Kart. Whereas with a 
vertical shaft engine we would need to somehow create a raised mount for the 
engine. This is why the horizontal shaft would be much easier to use. Another 
reason why the horizontal mount is better for us is that we can either weld or bolt 
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a sprocket to the shaft and then directly to the axle. It would be possible to use a 
vertical shaft but then we would need to build a differential to transfer the power 
to the axle. 
 

 
Figure (3) Horizontal Shaft – Permission Requested from Northern Tool Equipment 

 

 
Figure (4) Vertical Shaft – Permission Requested from Northern Tool Equpment 

 
A very important goal we would also like to achieve for this project is to have an 
engine that meets the EPA standards. This engine in fact does meet the EPA 
phase III emissions standards (this will be discussed further in section 4.1 EPA 
Engine Standards). 
 
3.1.7 Go-Kart Frame 
 
We want our Go-Kart to have a cage that could achieve three main goals. The 
three goals are to protect driver, use material that would add minimum additional 
weight to the Go-Kart, and would be able to mount the LED lights around the Go-
Kart to create an ambient lighting effect for the driver. The cage we want to use is 
a cage that closely resembles that of a roll cage for most other vehicles. If we 
could not find a Go-Kart with a cage already built with it then we would create our 
own cage. The ideal cage design would be light but without sacrificing strength 
and durability.   
 
In order to do this we would need to purchase either aluminum or steel bars. The 
decision to select either aluminum or steel will be based on which one will offer 
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maximum protection and minimum weight. There will need to be a happy medium 
found between the two in order to maximize both. We would then use a 
combination of welding and bolting to connect the cage to the Go-Kart.  
 
The frame design we have chosen is fairly simple. We will run two bars, 
connected to the front of the Go-Kart all the way to the back. The two main bars 
will run parallel towards the driver at around a 45-60 degree angle until they 
extend past a reasonable height. The two bars will continue extending but in a 
horizontal position to the ground until they pass the driver’s seat and reach the 
middle of the engine. The two bars will be connected above the driver by two 
more bars that are parallel to each other but perpendicular to the other two main 
bars. Then the two bars will go down until they connect to the back of the Go-
Kart. The bars will be connected in the back of the vehicle by a single bar that will 
go perpendicular to the two main bars. There will also be another two bars that 
will go straight vertical on each side of the driver’s seat and connect to the top of 
the cage. 
 

 
Figure (5) Go-Kart Frame – Permission to Reprint Requested from AutoServ 

 
We believe that this type of cage is the best option for us to use in our Go-Kart 
that would minimize adding a great amount of weight to our Go-Kart while also 
protecting the driver and creating sufficient area to mount the LED lights around 
the Go-Kart.  
 
After careful consideration and research we have decided to go with a chain and 
sprocket setup for our drive assembly. We have chosen this type of setup 
compared to a pulley system for a variety of reasons. The main reasons we have 
gone with the chain and sprocket setup is that compared to a pulley system the 
chain and sprocket will wear much more efficiently over a long period of time, 
simpler to install and is virtually inexpensive.  
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Now the size of the sprockets will determine if our Go-Kart will have better low-
end power or better top-end speed. Sprocket sizing depends on the number of 
teeth they have. The more teeth a sprocket has the larger it will be. Large 
sprockets offer better low-end power while small sprockets offer better top-end 
speed. Since we want our Go-Kart to be able to achieve speeds around 40 mph 
we will be going for a smaller sprocket size. The downside of using smaller 
sprockets is that this will punish the low-end torque of our Go-Kart which is 
already weak for almost all Go-Karts. However this problem is only a real 
concern for smaller engines and is a quick fix if torque converters are installed. 
We will not be adding torque converters to our Go-Kart because we see no real 
need for them in our project. 
 
After all the careful research between the types of drive assembly’s we could use 
and the different uses for various sizes of sprockets we decided to purchase a 
#35 pitch 60 tooth sprocket for the axle and a #35 pitch 20 tooth sprocket for the 
clutch. We believe that the combination of this and our engine will help us 
achieve our goal of getting our Go-Kart to speeds near 40 mph.  
 
We were able to theoretically calculate our Go-Karts top-end speed using the 
formula for mph (shown in the appendix). Using 11 inch tires, max RPM of 3600, 
60 teeth on axle, and 20 teeth on clutch our theoretical top-end speed is 39 mph. 
This is just around the top-speed that we would like our Go-Kart to be able to 
achieve. Now even though this equation shows our top-speed it does not show 
how quickly our Go-Kart will accelerate. A large sprocket will take off faster but 
have less of a top-end speed and a small sprocket will take off slowly but reach a 
greater top-end speed. This is why we will use a 60 tooth sprocket on the axle 
and a 20 tooth sprocket on the clutch. This will create a happy medium for us 
creating both quick acceleration and faster top speed.  
 
4 Related Standards 
 
Standards are an important aspect of engineering. With the use of standards 
businesses have the possibility to simplify product development and also 
enhance the acceptability of products. Standards are documents that offer 
specific details to be met by the products and manufactures. The standards that 
will be related to our project are created by the EPA and IEEE. The EPA 
standards apply to our motor emissions while the IEEE standards apply to all of 
the electrical components.  
 
4.1 EPA Engine Standards 
 
EPA stands for Environmental Protection Agency. EPA is an important topic that 
is always discussed among manufacturers. Manufacturers need to follow 
environmental regulations when creating their products and their products 
themselves also need to follow regulations. The EPA was proposed by President 
Richard Nixon in 1970.  Its purpose is to protect the environment and human 
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health by creating and enforcing regulations that have been put in to place by 
congress. The EPA is responsible for monitoring emission standards of air, 
water, land, endangered species, and hazardous waste. This is a very wide 
range of responsibilities, especially when you spread them out across the United 
States of America. This makes it difficult for the agency to address each 
environmental crime appropriately. For this reason the EPA created regional 
offices. In total there are ten regions, of these then regions, Florida is in region 
four.  Each regional office is responsible for each state within their region to 
abide by the agency’s regulations.  
 
Since our Go-Kart will be powered by a gasoline engine there will be fumes 
produced by the engine. The fumes produced are called carbon monoxide and 
are dangerous to human health and the environment. Because of this the EPA 
takes carbon emissions very seriously. There are tons of vehicles on the road 
being used daily and in order to protect the environment and humans, strict 
regulations have been put into place. One of the regulations that most relates to 
vehicles is that of air pollution. This has been the cause of controversy over the 
years due to the fact that many people disagree whether or not we are affecting 
the ozone layer. In response to studies that have been conducted due to many of 
these complaints, regulations have been put into place to regulate vehicle 
emission standards.  
 
Now although the EPA was first established in 1970 small engines were not 
regulated until the mid-1990’s. Although small engines are not as complex or 
expensive as automobile engines their impact to the environment is much larger. 
To make this easier to understand an example is that a lawnmowers engine if 
used for one hour produces as much air pollution as eleven cars would. This fact 
mainly goes unnoticed because small engines are not used as often 
automobiles.  
 
An aspect of our project that we wanted to achieve was to have an engine that 
met the EPA standards. The section of the EPA standards that we hope to meet 
is that of the air regulations. Even though we are using a small engine they have 
their own set of regulations compared to large vehicles. We discovered that our 
gasoline powered engine did indeed meet the EPA standards, specifically the 
EPA phase III emission standards.  
 
The EPA classifies small engines by size. The classifications go from Class I 
engines to Class V engines. Class I engines are non-handheld and generally 
used for lawnmowers. They are also between 1cc to 225cc. Class II engines are 
non-handheld and are generally used for garden tractors. These engines are any 
from 225cc or greater. Class III and Class IV engines are handheld and generally 
used in equipment such as hedge trimmers and leaf blowers. Class III engines 
are less than 20cc while Class IV engines are between 20cc to 50cc. Class V 
engines are also handheld and are mainly commercial equipment. They are also 
50cc or higher. 
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Over the years small engine regulations went through three different phases. 
Phase I was introduced in 1995 and introduced the first level of emission 
standards for handheld and non-handheld equipment using small engines. Phase 
II was created in 1999 and created stricter emission standards for handheld and 
non-handheld equipment using small engines. For phase III, instead of creating 
more exhaust emission standards its purpose was to create new evaporative 
emission standards. With the implementation of phase III EPA hopes to see a 
45% reduction in evaporative emissions.  
 
One thing to note is that our engine passes the EPA air emissions regulations 
everywhere in the United States of America except for California. California is 
different from other states because they chose to place stricter regulations for air 
emissions compared to all the other states. Aside from having the three different 
phases, California implemented two tiers. Tier I was put into place in 1995 and 
regulate emissions of different degrees on the displacement of the engines. Tier 
II was implemented in 2000 and continued the regulation of emissions on the 
displacement of the engines but also set durability requirements. These new 
durability requirements are to show that the small engines can produce low levels 
of emissions while be used between 50 hours to 500 hours.  
 
4.2 IEEE Standards 
 
As we will be using a plethora of electronic devices in this project, it is also 
important to acknowledge the related standards that regulate how they should be 
used, as well as follow such regulations in order to prevent the unsafe use of 
materials. The unsafe and inappropriate use of electronic materials could cause 
the members of this project to lose money by having to purchase again a 
component they destroyed, or in the worst case scenario, physically harm 
themselves by having a component catch on fire, shock them, or explode near 
their bodies. 
 
IEEE is the institution in charge of developing, implementing, and regulating the 
standards for all electronic components in the United States; we will abide by 
their regulations and will follow their code as closely as possible. If a standard 
related to our work is too expensive to acquire, then we will make mention of it 
and acknowledge its existence, but will not be able to make use of it due to 
budget constraints. 
 
4.2.1 Digital RGB LED Lights 
 
While searching for IEEE standards, we found that the organization does not 
offer standards on any type of Light Emitting Diodes. However, there are a series 
of papers that are closely related to our topic of research and offer valuable 
insight on how to set up and control an RGB LED light system successfully.  
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The first paper is “Design and control of a RGB LED system” written by Chun-
Wen Tang, Fu-Cheng Wang, and Bin-Juine Huang at the Department of 
Mechanical Engineering in the National Taiwan University and the Department of 
Research and Production at Coretech Optical Co. Ltd.in Taiwan. The proposal 
for a novel control structure for a RGB (Red - Green – Blue) LED light lighting 
system applying multivariable robust control techniques to regulate the color and 
luminous intensity outputs [of the system]. The main problem with RGB LED 
systems is the inability to maintain luminous intensity and color consistency due 
to their sensitivity to temperature changes. This group’s proposal offers a two-
step solution to this situation and walks through their reasoning to fix the 
problem. First, they found a multivariable electrical-thermal model to describe the 
dynamics of RGB LED lighting systems, and used a feed-forward controller to 
compensate temperature and power variations. And ultimately, they applied 
robust control algorithms for feedback control design. Their designed controllers 
were subsequently implemented to regulate the luminous and chromatic outputs 
of the system and tested to assess their effectiveness. Their design was deemed 
a success since it provided steady luminous intensity and a constant color for the 
RGB LED system. 
 
In their experiment, they verified their design by practice. They started with an 
input that was to vary its luminance (measured in cd) from 2500 to 4000 with an 
interval of 500. While using their proposed control structure, the output luminous 
intensity can accurately track its input, refer to graph (a) in the following figure. 
Graph (b) depicts the color difference and highlights that it was within the 
limitation set (Δu’v <= .0035). Lastly, graphs (c) and (d) illustrated the radiant 
power corresponding to each color and the temperature variations during the 
experiments. 
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Figure (6) Light Response - Reprinted with the permission of BJ Huang 

 
In conclusion, their design and experiment was successful since the system 
responses could track the input commands despite temperature variations. 
 
The second paper, “Implementation of a Colorful RGB-LED Light Source 
With an 8-bit Microcontroller” by Yueh-Ru Yang at the Graduate Institute of 
Electro-Mechanical Engineering, Ming Chi University of Technology, Taipei, 
Taiwan, describes the implementation of a colorful RGB LED light with an 8-bit 
microcontroller. By making use of Pulse Width Modulation (PWM), the 
microcontroller regulates the output of the LED light. While the LED varies in 
temperature, also discussed in the former paper, the microcontroller stabilizes 
the output of the LED with feed-forward compensation and reduces the color 
deviation in chromaticity diagram. The color deviation is measured with a 
miniature spectrometer, and some test points were used in this experiment to 
show the performance of the device. This document successfully proves that an 
8-bit microcontroller can regulate the light colors and brightness of a RGB LED 
combinational emitting source. 
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Yang begins by explaining that color is made up of Hue, Saturation, and 
Brightness. He goes on to explain that the three colors, Red, Green and Blue, 
are regarded as perpendicular three unit vectors and form a color space. Since 
the human eye has different sensitivities for these colors, the unit values of these 
vectors are, therefore, not equal to each other, which allowed the author to 
explain how the different combinations of the colors could establish the standard 
combination for white, and other colors could be produced from the combination 
of this white with the basic colors. 
 
While the LED is lit up, the temperature in the devices rises with time until a 
balance is reached. Yang explains how normally the brightness of the LED 
decreases with the rise of its temperature, but this time is not equal for the three 
colors (Red, Blue and Green). In order to compensate the color deviation that 
results from the change in temperature, the LED lights will need temperature 
compensation, and the respective quantities were determined by 
experimentation, Yang’s following graph shows the test results: 
 

 
Figure (7) Light intensities of RGB LEDs as a function of Temperature Reprinted with Permission of 

Yueh-Ru YANG 

 
The test showed that the Red light decreased in intensity more abruptly than 
Green and Blue as the temperature rose. In this paper, Yang controlled his 
different colors independently by separating the three into strings and using 
separate PWM currents and performed three separate tests to assess the 
effectiveness of his design, temperature control on the colors(by changing the 
PWM values of Red, Green and Blue), color test, and temperature feed-forward 
compensation for the three color outputs. 
 
In conclusion, Yang was able to build and control and RGB LED light with an 8-
bit microcontroller that made use of Pulse Width Modulation. He successfully 
used additive color mixing to produce the desired colors, and with a constant 
output. Due to the use of feed-forward temperature compensation, he was able 
to stabilize the brightness and color of the RGB LED light with the 
microcontroller. His experimental results are depicted in the following graph: 
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Figure (8) Compensated light output of the design RGB LED light source Reprinted with permission 

of Yueh-Ru YANG 

 
4.2.2. Pulse Sensor Standards. 
 
As any of consumer devices or equipment, pulse sensor has to comply with US 
or International standards and be safe to use for humans and be safe for 
environment. International Standard Organization have regulations regarding use 
of pulse oximeters. Such regulations are described in ISO 80601-2-61:2011, 
where basic safety and essential performance of pulse oximeters are described.  
 
Pulse sensor we have chosen is not pulse oximeter but it has infrared light 
radiation which also has to comply with safety standards. Infrared radiation is the 
"invisible hazard" and long-term exposure to infrared radiation without proper eye 
protection can cause permanent damage to vision, including cataracts and retinal 
scarring. In 1993, the International Electrotechnical Commission made effective 
IEC 825-1, a standard concerning the safety of laser products, the scope of 
which includes LEDs. Later in 2001, IEC 60825-1 Amendment 2 provided 
division of lasers into seven classes. The LED lighting products fall in classes of 
laser products specified by the International Electrotechnical Commission (IEC) 
and the Japanese Industrial Standards (JIS). And according to this classes, Infra 
Red lights should falls into class 1, which stated that degree of danger of such 
light transmission has an inherently safe design. Whereas, for comparison, 
ultraviolet light is of class 3B, which has degree of danger: direct viewing of the 
inside of the beam is hazardous in normal conditions, however, diffuse reflection 
of the beam is believed to be generally safe. 
 
Food and Drug administrations (FDA) “has developed guidance document to 
assist industry in preparing premarket notifications (510(k)s) for pulse oximeters. 
These devices are intended for non-invasive measurement of the arterial blood 
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oxygen saturation and pulse rate.” Pulse Sensor we intend to use have similar 
specifications, therefore could apply to this guide line 
 
FDA's guidance documents, “do not establish legally enforceable responsibilities. 
Instead, guidances describe the Agency's current thinking on a topic and should 
be viewed only as recommendations, unless specific regulatory or statutory 
requirements are cited. The use of the word should in Agency guidances means 
that something is suggested or recommended, but not required.” From “Pulse 
Oximeters - Premarket Notification Submissions [510(k)s]. Guidance for Industry 
and Food and Drug Administration Staff.” Document issued on: March 4, 2013. 
IEEE has also some documents related to pulse sensors production and safety 
of the materials used, along with electrical hazard of the equipment. 
 
4.2.3 Speakers 
 
The creating an audio device is usually subjected to the specific needs of the 
design and this could result in many different variations in specs making it difficult 
for the costumer to understand with certainty the capabilities a particular audio 
system. For this reason a standardized symbol was introduced by organizations 
such as the National CAD Standard or NCS, to offer a simple, yet powerful way 
to communicate new innovations through schematics in the audio and video 
industry. These standards also would include symbols from affiliated industries 
given they were: compliant with the National CAD Standard, simple and 
recognizable shapes, easily CAD-drawn and hand-drawn for use in the field, 
flexible text attributes to allow for an unlimited number of device variations, 
flexible callout tags to allow for extensive installation information, use of common 
industry terms and abbreviations. 
 
One way of interpreting these standards accurately is through the use of Legend 
and Schedule. A legend is basically a table listed with columns shown symbols 
used in a typical schematic and the description.  
  

Reference Symbol Description 

AV01 LAR LINE ARRAY SPKR 

AV02 LCR LCR BAR SPKR 

AV03 S 14”SUBWOOFER SPKR 

Table (1) Example for a Legend  

 
A schedule is similar to the legend however, is a grouping table of all related 
information but provides a separate set of detailed information from the legend 
such as manufacturer equipment and models along with other data.  
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 For installation purposes of this project we refer to the IEC Standard, Publication 
268-14 (1980) which defines the nominal loudspeaker size as the outer diameter 
of the frame, and the metric equivalent is given in the nearest preferred number 
according. It also says that baffle dimensions have been calculated by multiplying 
the ratio of the nominal size in inches to 8 inches, and rounding the resulting 
dimensions to the nearest 5 mm. 
 

Speaker Size A B C D 

200mm(8in) 1350mm 1650mm 225mm 150mm 

250mm(10in) 1690mm 2065mm 280mm 190mm 

315mm (12in) 2025 mm 2475 mm 340 mm 225 mm 

400mm (15in) 2530 mm 3090 mm 420 mm 280 mm 

500mm(18 in) 3040 mm 3715 mm 505 mm 340 mm 

Table(2) Baffle or enclosure dimensions 

 
Power testing of speaker is extreme important to determine what is the 
capabilities of an audio system. A common practices of using Noise signal to in 
order to accurate power test the device. This methods uses a peak to RMS 
voltage ratio of 2:1 and utilizing the circuit below.  
 

 
Figure (9) Standard method of test output power of Audio system – Permission requested from 

Consumer Electronics Association 
 
The first thing to do is to adjust the output of the noise signal source so that the 
RMS voltage across the diode becomes 0.32V as shown above. Then Read the 
amplifier rms output voltage with a “true rms” meter. Read the amplifier peak 
output voltage with a calibrated oscilloscope. Adjust the pink-noise output so that 
the peak-to-rms ratio of voltages is 2:1, or 6dB. 
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5 Design Constraints 
 
Most of the projects we have done in school have been in ideal situations with 
almost no types of constraints. Projects that are created in the real world can 
have multiple types of constraints put on them. Some of these design constraints 
are budget, time, knowledge, standards, size, power consumption, and safety. In 
this section we will be discussing the different types of constraints that our team 
needs to deal with in order to produce a successful project.  
 
5.1. Budget 
 
One of the main design constrain for the project is budget. It is the first constraint 
we had to consider when choosing ideas for the future project. At the beginning, 
without knowing whether we will be able to have sponsors contribution; we have 
considered own money, amount of money each group member could contribute 
to the project. We have decided that a $1000 it is good amount to have for the 
senior design project, where each group member will contribute total of $250 by 
the end of the Senior Design 2 class. Later we got sponsorship confirmation from 
Boeing Company, who sponsored our project for the amount of $640. With that 
sum of money in mind few of the original ideas were left outside of the project 
such as electrical engine. Below the list of the budget states from which can be 
seeing that major contribution of the money have to go not on the parts from 
which we will design and implement, but rather on the Go-Kart itself where the 
project design would be installed. Therefore, main concern of a budget constraint 
was mainly around Go-Kart and engine. Making online research of the market 
prices our budget was split as follows: 
 
• $400 Go-Kart 
• $170 Motor 
• $30 LED strips 
• $70 Display 
• $60 Microcontroller 
• $50 Pulse Sensor 
• $50 Speakers 
• $60 Speedometer 
• $60 Roll Cage 
• $10 12V Battery 
• $40 Wiring 
 
Even though Boeing Company has sponsored our project by the amount of $640, 
we have decided to leave original budget of $1000 and will contribute our own 
money to the project when sponsor’s money will not be able to cover any extra 
expenses. Unpredictable expenses could happen at any time of the project 
development, we have to keep it in mind and be able to adjust budget as 
necessary. And still, in order for our project be more on the marketable side and 
have low manufacturing expenses, such unexpected expenses should not occur  
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for every state of the budget, rather being “safe pad” in case one of the parts will 
break.  
 
Overall, budget constraint has limited our project to use less expensive or used 
parts, to decide among functionality of the project, limit design to what is 
necessary to keep in order to hold such functionality and to remove all other 
irrelevant design specifications. Budget constraint in the future development of 
the project could also restrict further implementation of desired functionality if 
price and therefore budget on the necessary equipment and parts will drastically 
increases. Therefore budget should be followed during all developments stages 
of the project as future implementation could be jeopardized when expenses 
does not meet the budget. 
 
5.2 Time Constraints 
 
Time constraints refers to the timeframe (time limit) in which conditions that we 
need to happen or would like to happen with a design. Time constraints in a 
senior design project execution involves each specific phase of the overall 
project from design phase, to the prototype, to the testing and implementation 
phase, or simple put the overall project cycle duration. This mainly depends on 
the root cause of the time constraint from several perspectives such as high risk 
due to working condition sometimes in an unsecured area, working with hazard 
does chemicals making sure safety precautions are taken or whether the just 
time that time members have to work on the project.  
 
For this senior design project we will be taking into consideration the following 
solutions time constraints: 
 

 Progress Monitoring – As students we are constantly bombarded with 
school work, our jobs, and our personal life so it is quite difficult to keep 
track the progress of every person on the team. To solve this we create a 
cloud based work sharing using google drive and dropbox; this way we 
can see (and edit if necessary), the work uploaded by a team member, 
each time a he/she completes a particular section. We also create a text 
based chatroom using WhatsApp in the event we need address the entire 
group and not one specific member. 
 

 Inaccurate Predictions – We fully understand that not every calculations 
and prediction will be executed smoothly without any problems. Some 
predictions in the design phase will at time fail and will require some 
degree of trail and error to solve. For this reason we have decide to allot 
extra time and finish the project head of schedule and revisit these small 
problems to come out with viable solutions. 
 

 Motivation – With a project spanning over two semesters we are aware of 
the fact that at time team members may feel uninterested and unmotivated 
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to complete the task at hand due to monotony or just being overwhelmed 
with other parts of their live and school work. To solve this we keep 
regular meeting at least two or three times a week to get everyone input 
on how there project responsibilities are progressing and offer help or 
advice if needed. 
 

 Locating Parts – The project design time is the main factor we usually 
think of when we are thinking of things that affect the time in which we 
completed a project but, often over looked and just as important is how we 
order and locate the parts need to prototype, test and implement the build 
or design. This is very important because we wait to long part will not 
making its on time to complete the design. To solve time issue we located 
and ordered the parts that requires long shipping times first such as the 
Go-Kart, and the one are easier located and requires less shipping time 
we just pick up at the local electronics store or purchase them of amazon 
and other online dealers; for example resistors, transistors, LEDs and 
sensors. 
 

 Budget Changes – Often time items within the originally budget might 
become more expensive and we have to recalculate the budget to 
compensate for the change. To solve this issue, we have to share the 
additional cost between each member equally.  

 
5.3 Knowledge 
 
We chose this project due to the interest we all had in it. The project offers 
numerous challenges for each one of us and we are each willing to take on those 
challenges. These challenges will come from multiple engineering disciplines 
such as Electrical Engineering, Computer Science and even Mechanical 
Engineering. While this project offers each one of us a wide set of challenges we 
are each very excited to work on it because of the information we will learn from 
it. Such as learning how to design a complex circuit, program a FPGA Board, 
implement circuit schematics, implement programming into a practical design, 
different ways to power electronics and learn a bit of the mechanical side of 
engineering.  
 
In order to successfully achieve all of our goals we will need knowledge in 
multiple types of disciplines. In our group we have three electrical engineers and 
one Computer Science major. As a group we feel confident in what we know 
about circuitry, hardware and software. But a major component we are all lacking 
is a strong background in Mechanical Engineering.  
 
Knowledge in Mechanical Engineering would be supremely useful as we are 
dealing with a Go-Kart that has a gasoline engine. This could become a major 
problem since one of our goals as a group is to have a Go-Kart that will be able 
to achieve speeds near 40 mph. Overcoming this challenge will be difficult but as 
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a group and through research and time we feel that we will be able to learn what 
is necessary to produce a successful project.  
 
As a group we feel that our combined knowledge in the fields of Electrical 
Engineering and Computer Science will give us the edge we need to complete 
this project. Although we are lacking in the mechanical side we believe that it will 
not be too great of an obstacle to overcome because we could always research 
more ask someone who is familiar with the subject. Our classes in electrical and 
Computer Science have given us the skills we need. All we need to do now is 
implement what we have learned in class into something tangible. This in itself 
will be a challenge since what we have been doing in our class labs have been 
small scale assignments compared to this project. The assignments also did not 
require us to implement multiple elements into a single microcontroller and for 
this project we will need to implement over four elements.  
 
Knowledge alone can be an extremely important design constraint. Without the 
proper knowledge, one would not know what to do. Knowledge of Electrical and 
Mechanical Engineering in this case is extremely useful. Without this knowledge 
we would not know what to do or where to begin. Even with our strong 
background in Electrical Engineering we still have doubts on whether or not what 
we are doing is feasible and makes sense. Imagine if we did not have this 
knowledge in a project like this one. We would have no background in 
microcontroller so we would have no idea which one to use. We would have no 
background in coding so when it comes to programming the microcontroller we 
would not be able to do it. We would have no background in circuitry and power 
so we would not be able to safely and efficiently connect all the on-board 
electronics.  Now as both Electrical and Computer Science Engineers we believe 
that our knowledge combined will give us what is required to create a working 
prototype that will meet all of our team goals. 
 
5.4 Standards 
 
Standards are as much of an important constraint to this project as the other 
previously mentioned ones. A standard is a basic definition assigned to an idea 
or concept which could be used for basic measure, norm, or model. In the 
specific field of Engineering, standards are used to define how products should 
be built, wired, programmed, or even tested. The Heart Racer Go-Kart has 
several components in it that could be subject to their respective definitions of 
standards, although it is not necessary for us to follow these exactly to their 
specific extent; we will take into account as much as it is important to our project 
in order to ensure its functionality and the safety of those building it, as well as 
keeping in mind the safety of those using it. 
 
Another important fact to mention about standards is their accessibility. 
Standards, for the most part, are not free to attain and vary in a wide range of 
prices (from $50 to several thousands). We will identify the standards that are 
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pertinent to our project and attempt to gather as much information on them 
without purchasing them. At this point, we will decide which standards are crucial 
for the benefit of the project and will assess their cost and the possibility of fitting 
them into the designed budget; if acquiring any of these standards is suitable, we 
will be doing so. 
 
The engine and frame of the Go-Kart are likely the two largest components of the 
project that have to, by law, meet certain standards requirements. While the 
standards that regulate the construction of these two parts is not necessarily 
related to their specific design, they do regulate their final purpose and its impact 
on the environment and the users. The engine, for example, has to adapt to EPA 
standards and it must meet a certain criteria for its exhaust system before it can 
perform. The frame has to meet certain safety requirements, this has to be built 
in such way that in case of an accident the driver will remain as safe as possible. 
 
The standards that the electronic components have to adjust to could come from 
two different locations, the Institute for Electrical and Electronics Engineers 
(IEEE, one of the largest organizations in charge of creating standards pertinent 
to electrical and electronic devices and components), or the datasheet respective 
to each component. After doing research on the standards respective to the 
LEDs, the Display, the Speakers, and the Pulse Monitor, it was found that the 
price lies outside of the proposed budget and it would not be feasible to attain 
their specific IEE standards. 
 
It was ultimately decided that the respective datasheets and tutorials that each 
product comes with would be sufficient information to properly wire and program 
the components that will be utilized in this project. This option was more viable 
for the electronic components since their datasheets can be attained without a 
cost, as well as tutorials proposed by other users on the web.  
 
5.5 Size 
 
Size is another constrain of the design we had to consider when planning. The 
Go-Kart itself is a big piece with following dimensions:  71 inch long and 55 inch 
wide. Question arises from this information is where the Go-Kart have to be kept, 
stored and how it will be transported.  Our group thought about this questions for 
some time, since Go-Kart have to be located in the convenient place for 
everyone to have access to it to work on. But since Go-Kart is no major design of 
our project and it is rather “frame” where the all other parts will be installed, the 
question of storing Go-Kart for some time was a debate. Solutions were ether to 
keep it at UCF location from the beginning or have it stored at group member 
house/apartment or have storage space rented. Solution was to have it stored at 
group member house and move it to UCF location once we will start working on 
the project at the beginning of the Senior Design 2 class.  Transportation 
question was solved as well, due to necessity to move Go-Kart at maximum 
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three times: to storage location, to UCF, from UCF at the end of the project (If 
desired). 
 
Other questions about size arises when it comes to dimensions of parts. Such 
parts as frame, monitor, LED lights and speakers have to be considered for the 
design and have to have uniform look to overall project.  For this purposes 
research was done to see what options of sizes our group have and what should 
we choose.  
 
Speakers will be mounted straight to the frame, so speaker should be  portable 
enough to be able to fit on the frame, have acceptable aesthetic look and do not 
bother a driver to get in and get out from the Go-Kart, since speakers should be 
located  at the distance close to ears of a driver. If the speakers would be too big, 
there is a chance that driver will hit his head by the speaker.  
 
Another part is a display. We have decided that display would be mounted to the 
“driving wheel” of the Go-Kart, so for the same reason as with speakers and 
frame, we have to consider dimensions of the driving wheel when choosing 
monitor. At the other hand, since monitor have to provide a driver with 
information, a display should be big enough to accomplish this task. Few sizes 
was considered and one was chosen with size 3.5 inches. 
 
 Third part size was in consideration is LED light strip. How long should it be, 
where will it be mounted and how bright the light should be. Decision was made 
that the LED strip will go over the frame where driver cannot see it directly, but 
the light emitting from the LED lights will be visible around the Go-Kart to a driver 
and to a anyone else looking at the Go-Kart. Availability of LED lights we have 
researched have pretty much the same dimensions but the density of light were 
different. We have decided since the Go-Kart in first place is a project to provide 
fun experience and LED light serves major functions to provide it, density of LED 
lights should not be little or too much. LED strip with density of 30 LED lights per 
meter were picked among one of the choices. 
Overall, size as a design constraint have big importance for our project.  
Considering each part individually and all together have emerged issue of having 
parts “fit” each other, here size and dimensions played a big role of choosing 
appropriate parts not only by functionality but by the size.  Each part of a project 
have to have size dimensions limited to Go-Kart dimensions and frame 
dimensions and at the same time each part have to be aesthetically and visually 
acceptable. Go-Kart size itself has some limitations in storage ability and 
transportation as was discussed earlier.  
 
5.6 Power Consumption 
 
While discussing all possible constraints on our project, we realized it was of 
utter importance to mention Power Consumption across the system and how this 
affects our project in general, not only at a technical level for design purposes, 
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but also at a financial level since it could result in the spending of more money 
due to the added need of another battery, or result in the saving of money by 
allowing us to use a less powerful battery. 
 
Most of our devices are able to operate on a voltage range between 3.3 Volts 
and 5 Volts. However, the amount of devices we will be utilizing, Printed Circuit 
Board, Microcontroller, Display, Speakers, and LED Lights, increases the 
demand for power and current from the battery very drastically. It was decided 
that a 12 Volt car battery should be enough to power the whole system, based on 
the fact that they are widely used to power electronics on standby vehicles on all 
modern cars. 
 
It was also found that if we power all of our electronics solely off the battery and 
don’t provide a constant source of power for the battery, we will constantly drain 
the battery at a high rate causing the whole system to be down and become 
unreliable. In order to correct this issue, we decided it would be necessary to add 
an alternator that is powered by the engine. The addition of an alternator is cost 
effective and solves our problem by constantly recharging the battery, as long as 
the engine is running. This group would work exactly the way alternators and 
batteries work together in engine blocks in all cars that are being sold in the 
market today. 
 
We realized power consumption was one of the most important constraints in our 
project because it determines how reliable our product could be. We imagined a 
situation where our system would keep running out of battery and causing it to 
stop working every time the battery runs dry, and came to notice that as 
customers, if we were using this product and it suddenly stopped working during 
the middle of our ride, we would feel greatly disappointed and would most likely 
never come back to that location due to their faulty project. The solution to this 
problem is simple and very inexpensive in comparison to the benefits it would 
bring to the company owning the product, adding an alternator is a basic process 
and provides us with a level of reliability incomparable to any possible losses that 
we would face given the situation. 
 
Power consumption seems to be a great constraint in the Heart Racer Go-Kart. It 
is important we keep track of how much power each device consumes 
individually as we build the project in order to prevent having to deal with this 
issue when it is too late and we are having reliability issues. We plan on 
constantly assessing the amount of power needed to keep all of our devices 
running simultaneously under the most radical conditions in order to prepare for 
the worst case scenario. We hope that as we plan ahead and design our project, 
we should be able to complete the prototype and offer a reliable product that will 
remain on when it is supposed to and will not run out of battery as the customer 
is making use of it. 
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5.7 Safety 
 
Safety is a very important aspect with it comes to design ideas and final 
implementation in projects. Safety can cause significant design constraints and 
even prevent the implementation of some ideas. In a project such as this one, 
with a vehicle that will possibly reach speeds around 40 mph, lighting around the 
vehicle and music coming from speaker setup near the driver, there are 
numerous ways safety can be an issue. For this reason our team has come up 
with ideas for each specific case to prevent injury to the driver. 
 
An important safety concern is protecting the driver as we achieve speeds near 
40 mph. This in itself can be extremely dangerous for the driver for a various 
amount of reasons. One of the reasons why this is dangerous is if for some 
reason the driver is ejected for the Go-Kart. We need a safe way to protect the 
driver from receiving any head trauma and for this reason we require the driver to 
wear a helmet at all times while operating the Go-Kart.  
 
When dealing with the engine there are many design constraints that occur due 
to safety reasons. One of the design constraints is the placement of the engine. 
One may not believe that this could any design constraints but through research 
we have discovered that engine placement comes along with safety hazards. Go-
Karts in general are fairly compact which means besides the driver there is not 
much room around the Go-Kart. Now although many Go-Karts either have the 
engine directly behind the driver this design may not be beneficial to us. We need 
to think about all of the electrical components that we are adding to the Go-Kart 
such as: speaker, LED lights, display, pulse sensor and speedometer. Ideally we 
would like to have the display, pulse sensor and speedometer all near the 
steering which would make them very accessible for the driver. The LED lights 
will be placed on the roll cage around the driver so the placement should not be 
an issue.  An issue we could have is with the speakers. The speakers will be a bit 
bulky compared to all the other components listed. For the reason there are 
limited options to where they can be placed.  
 
We found that most racing Go-Karts have their engine on the drivers right side 
and slightly towards the rear axle. This is a very plausible design to implement 
because it would open up space behind the driver where we could place the 
speakers. Now although this is a plausible design there is a safety issue we must 
discuss. As the engine is being driven around the engine will naturally heat up. 
This would not be a concern if the engine was placed behind the driver because 
the driver’s seat would be between the driver and the engine, protecting the 
driver from any possible burns. If the engine is placed to the right of the driver 
there is a possibility that while driving the Go-Kart the driver could bump their 
right elbow with engine causing a burn that would be uncomfortable. This 
problem could be avoided if the engine is still to the right of the driver but also 
moved towards the rear axle. Doing this would give the driver more elbow room 
and diminish the risk to get burned by the engine.  
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Due to major health concerns the engine should never be used indoors. The 
engine produces carbon monoxide which is lethal if someone is exposed to it for 
a short time period. Carbon monoxide can go unnoticed because it does not 
produce an odor nor is visible. For this reason the engine will always be used 
outdoors in open areas. This is a design constraint that cannot be altered 
because all gasoline powered engine produce carbon monoxide. The only way to 
get around that would be to use an electric engine. But as a team we decided 
that the electric engine would be too expensive for us to purchase so our only 
option is to use a gasoline powered engine. 
 
Another safety precaution we have decided to implement is that of adding a roll 
cage to the Go-Kart. This has been implemented into the design to protect the 
driver if the Go-Kart were to flip over. With the roll cage put in place the 
possibility of the Go-Kart crushing the driver would be eliminated. Now this 
design has a very important design constraint that we must deal with. With the 
added weight of the roll cage we need to make sure that the Go-Kart will still be 
able to reach speeds near 40 mph when driver by someone of adult size. This 
means that we will need to find a happy medium between bar strength and 
weight. These special materials could be more expensive than what we would 
want to spend so finding a way to protect the driver and maintain a fast top-end 
speed has become more difficult. Although creating a roll cage to protect the 
driver may seem to be unnecessary in some cases in this case it can serve 
multiple purposes for us. While the roll cage placed around driver will give 
him/her a greater sense of safety it will also allow us to mount LED lights around 
the driver without needing to create any other special mounts.  
 
Another main goal for our project is to include LED lights that will be placed 
around the driver. This may seem like a simple idea to implement but we must 
first account for the driver’s safety. While the LED lights would be used to create 
an ambient form of lighting around the driver we need to make sure the lights do 
not distract the driver. A light that is too bright may distract the driver from looking 
at the road or impair his driving ability from seeing the road. A simple solution to 
this problem would be to dim the lights but we do not want to dim the lights too 
much because we still want the driver to enjoy the ambient lighting. To 
accomplish our goal we will need to take into account both ends of the spectrum 
and find a happy medium in order to create an enjoyable ride. Another safety 
concern with the LED lights is that since they will be changing color we do not 
want to cause any epileptic seizures. This could be very dangerous if the driver 
experiences one will operating the Go-Kart. In order to make sure something like 
this does not occur we will individually test the lights ourselves and if we feel we 
are becoming ill due to the amount of light coming from them and the speed of 
them being changed we will dim the lights, little by little.  
 
Our Go-Kart will also contain speakers that will play music for the driver’s 
enjoyment. This is yet another feature we would like to include into our design 
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but first we must deal with the safety constraints this element can have. While 
listening to music is very common while driving a motor vehicle most have the 
option to turn up or down the music volume. In our case there will be a minimum 
volume level that will we have due to the fact that the engine will be behind the 
driver producing over 100 dB. So the speaker needs to be capable of producing 
more than what the engine puts out, in order for the driver to listen to the music. 
A safety concern with the speakers is that if we raise the volume too much and 
the driver listens to the music for a long period of time there is a possibility of 
causing ear drum damage. To prevent this, our speaker volume may need to be 
lowered between a range that can be heard over the engine and will be safe for 
the driver’s ears.  
 
6. Design Details 
 
It is important to describe a plan and preliminary design in order to successfully 
start this project. In this section, Design Details, we will provide a basic and 
preliminary design for each one of the components of the Heart Racer, these 
should ultimately come together and be used as a whole in order to have a 
completed project. The design details vary from Circuit Schematics to Software 
design. The purpose of providing circuit schematics is to assist the group later 
when wiring the individual components to the central point, the Printer Circuit 
Board. The purpose of having a basic design for the software of the project is to 
allow for the group to have an organized method that they will follow when 
programing the Heart Racer Go-Kart. 
 
6.1 Hardware Design 
 
In this section we will describe all of our components in further technical detail, 
their basic requirements for proper function and how they should be arranged 
and connected to each other in order to have a project that successfully achieves 
the function we have designed for it. Every component will have a section 
assigned to it in which every piece of it will be described and planned out for its 
communication with the rest of the project. 
 
6.1.1 PCB Design and Architecture 
 
A PCB is what is what I know in world of electronics as a Printed Circuit Board. 
PCB’s are usually etched from copper sheets that are laminated onto non-
conductive subtracted that mechanically support electronic components. The 
copper on the PCB is etched into circuit patterns and connects these electronic 
components electrically. PCB’s are used in almost all electronics today with this 
exception of simple electronics products where that same results can be 
achievement by the using of a perfboard and wiring connections. PCB boards 
circuits that only uses copper connections and contains no embedded 
components are most accurately described as PWB or printed wiring board or 
etched wiring board.  Printed circuit boards that have these embedded 
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components are defined as Printed Circuit Board Assembly (PCBA). These 
PCBA’s are also referred to by the “Association Connecting Electronics 
Industries (IPC)” as Circuit Card Assembly (CCA). 
 
In the world of computers, Architecture refers to the capabilities that describe 
functionality of a computer and its programming model. According to PC 
Magazine the architecture is “The design of a computer system. It sets the 
standard for all devices that connect to it and all the software that runs on it. It is 
based on the type of programs that will run (business, scientific) and the number 
of programs that run concurrently.” PCB architecture, like computer architecture 
is based functionality and programming model. However, the functionality of a 
PCB’s architecture is a direct result of its physical design and its electronic 
components, embedded or attached. These factors range from the material of 
the board, to grade of copper the outline the circuit patterns; these can affect 
speed, durability, memory capacity and a variety of operation functionalities of 
the PCB. 
 
The process of Fabricating a PCB is a very delicate one that requires careful 
attention to detail and machine like precision. This especially true for smaller 
PCBs usually on the micro scale, for example PCBs used in smartphones, 
computers, smartwatches amongst others. Fabricating a finished PCB involves 
many different phases. There are numerous processes of a PCB Manufacturing; 
shown below are parts of the process for creating a PCB: 
 
PCB CAM – This is the stage at which the manufacturing process begin. The 
design for this PCB is done using computer software such as Eagle CAD, 
Fritzing, and so on. The PCB circuit design is then uploaded to the Computer 
Aided (CAM) software, which this performs the process Verifying the data design 
data, then compensating for any deviations in the process by scaling to make up  
for any distortions, then finally Output of the digital tools. 
 
Panelization – This is the procedure by which PCBS are grouped onto larger 
boards called panels. These panels are usually comprised of a single design 
pattern for generic designs. There are also times in which multiple designs on a 
single. Panels are usually of two types namely assembly panels or array panels 
and the bare board panels. The assembly panels have electronic components 
attach where its counterpart bare board as the name suggests does not. These 
large panels will be eventually broken down into individual PCBs in a process 
called depaneling.   
 
Copper patterning – This is step the pattern from the CAD design is will be 
replicated in the CAM system fabricators. There are several different methods 
used in this phase namely:  
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 Silk Screen Printing – which uses etch resistant ink to creates a protective 
layer over the schematics sketch to protects the circuit pattern of the 
schematic when it under goes the chemical process. 

 

 Photoengraving – This process utilizes a photomask and developer to 
remove UV coating in order to create a photoresist make. This process is 
sometimes used for high resolution requirements. 

 

 PCB Milling - This process is a mechanical milling system that uses two or 
three axis to mill away the copper foil from the substrate, thus creating the 
circuit pattern. The machine that makes this process possibly is called a 
PCB Prototype. 

 

 Laser Resist Ablation – In this process black paint is sprayed on a copper 
clad laminate and placed into a computer numerical control (CNC) laser 
potter to form pattern of the schematic by vaporizing the sections of the 
paint.  

 
Other forms of copper patterning include:  
 
Subtractive, additive and semi-additive processes – The subtractive process is 
the process in which the unwanted copper coating is completely removed from 
the board, leave intact only the pattern of copper for schematic design. However, 
in the additive process the schematic pattern is electro plated to the bare 
substrate by way of covering the bare laminate with photosensitive film which is 
put under to light via a mask. This is then developed in a chemical bath 
containing palladium after which the laminate is plated with copper. Finally semi-
additives is the process by which the unpattern board is layered with a thin layer 
of copper, where a reverse mark is applied and addition copper is then platted in 
the unmarked area of the board. This kind of like drawing using a stencil. A tin 
lead plating is then applied and the mask is stripped away and an etching step 
removes the now-exposed bare original copper laminate from the board, isolating 
the individual traces.  
 
Chemical Etching – This is probably the most used method by hobbyist. This 
process involves using submerging the mask board in ammonium persulfate or 
ferric chloride to remove unwanted copper to reveal the schematic pattern. 
Inner layer automated optical inspection (AOI) – In this part of the process the 
complete machine inspection is given to the inner layers of the PCB before the 
lamination process. This is done to correct any mistakes made by comparing the 
board to the initial software design. 
 
Lamination – Lamination refers by which the PCB s layered and have traces 
inside the board. This is done by pressing the board between stacks of materials 
while heating.  
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Drilling – This process is when the holes are drilled through the PCB but micro 
size machine drill bit coated in tungsten carbide, a cost effective highly  material 
and very strong material. 
 
Plating and coating – this process occur after the etching where PCBs are rinsed 
with water, and the solder, anti-corrosion coating is applied. 
 
Solder resist application – this is the stage where spots on the PCB that do not 
need soldering this covered with solder resist materials. 
 
Legend printing – This steps refers to one or both side s of PCB being printed 
using silk screen printing, liquid photo imaging or ink jet printing. 
 
Bare-board test – This process tests boards without components for shorts and 
opens. 
 
Assembly – After the PCB is completed, the assembly constitutes attaching the 
electronics components such as resistors, transistors, capacitors, along with 
other components. 
 
For the purpose of this senior project we will be making our own PCB via 
chemical etching instead of ordering one from a manufacturer. This was after we 
analyzed the different variables such as cost and possible delayed shipping we 
concluded that the materials needed to complete this task are quite easy to 
source and also cost effective being the most compatible with our budget. We 
also came to the conclusion that this a good experience for us to learn a new skill 
that can increase our versatility as engineering students. 
 

 
Figure (10) Bare PCB - Permission to Reprint Requested from evilmadscientist.com 
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Figure (11) Assembled PCB - Permission to reprint Requested from evilmadscientist.com  

 
6.1.2 Circuit Schematics 
 
In the circuit schematic section, all electronic components pertinent to this project 
will be evaluated in detail and the necessary additions or modifications that will 
be necessary in order to accomplish our set goal will be described. The wiring 
diagrams that come in all of their data sheets will be attached to this section and 
adapted to meet the goals set by this project. An evaluation for the independent 
power requirements will also be present in this section as it is also important to 
remain aware of what will be needed in order to successfully wire and keep the 
individual electronic components working properly. 
 
6.1.2.1 LED Lights 
 
The NeoPixel is an RGB-LED light that makes use of low drive voltage, which 
helps protect the environment and saves energy as well. It has high brightness 
capabilities, as well as large scattering angle and good color consistency. The 
LED’s control chip is integrated with each pixel of the strip, which allows it to 
become a simpler and compact circuit, ultimately making it easier to install. 
 
The NeoPixel WS2812B has an intelligent reverse connect protection system, 
which means that an inverted power supply connection will not damage the 
integrated circuit. The control circuit and the LED share the same power source, 
which makes it simpler to wire. The Integrated Circuit also has a Built-in electric 
reset circuit and power lost reset circuit, which enhances the safety of the system 
in case of failure by the power source. Each pixel out of the three primary colors 
that it is capable of displaying (Red, Green, Blue) can reach a brightness of 256. 
Ultimately, this circuit is capable of transmitting data at 800Kbps. 
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The following is an image of the physical distribution of each pixel and its circuit, 
dimensions are set in millimeters. 
 

 
Figure (12) Physical Distribution of single Pixel in NeoPixel – Reprinted with permission of Adafruit 

 
Refer to the following image for the PIN configuration in an individual LED for the 
WS2812B. Each meter (of the density we decided to go with) contains 30 LEDs. 
 

 
Figure (13) Pin Distribution on NeoPixel WS2812B 

 
Refer to the following table for PIN function: 
 

PIN Name Function 

1 VDD Power Supply LED 

2 DOUT Control Data Signal Output 

3 VSS Ground 

4 DIN Control Data Signal Input 
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Table (3) Pin Function 

 
The NeoPixel also has a set of characteristics and ratings that have been set by 
the manufacturer of the device that we need to look at and understand that these 
ratings must be followed and respected in order to keep the device safe and 
working as it was designed to do. The following chart, obtained from the 
manufacturer’s datasheet, provides a detailed description of the ratings 
previously mentioned: 
 

Parameter Symbol Ratings Unit 

Power Supply Voltage VDD +3.5~+5.3 V 

Input Voltage VI -0.5~VDD+0.5 V 

Operation Junction Temperature Topt -25~+80 °C 

Storage Temperature Range Tstg -40~+105 °C 

Table (4) Absolute Maximum Ratings 

 
It is also important to identify the properties relating to the Red, Green, and Blue 
(RGB) Light Emitting Diodes (LEDS). In the following table, it will be possible to 
identify the wavelengths at which the three colors can be identified, as well as the 
Luminous intensity for each and the voltage of operation. 
 

Emitting 
Color Model 

Wavelength 
(nm) 

Luminous Intensity 
(mcd) 

Voltage 
(V) 

Red 13CBAUP 620-625 390-420 2.0-2.2 

Green 13CGAUP 522-525 660-720 3.0-3.4 

Blue 10R1MUX 465-467 180-200 3.0-3.4 

Table (5) RGB IC Characteristic Parameter 

 
After considering the previous information, it is also important to remark what the 
lights would look like when set up in series, since this will be the way we plan on 
wiring them. The lights in the Heart racer will be wired in series for the reason 
that no more than one meter of material will be used, and according to the 
specifications, every meter of LEDs can be powered by the same source. In the 
given case that more than one meter is used, we will adjust our design 
accordingly in order to account for the extra material that will be used. 
 
When wiring the LED segments in series, the following is a diagram of what they 
will look like; recall the figure with the Pins and the Pin function table to 
understand the arranging of the wires. 
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Figure (14) Application of the circuit 

 
In order to properly get this individual circuit working, a basic plan for its wiring 
must be provided. Although in this project we will not be using an Arduino 
microcontroller board directly, we will be using its processor, or one similar to it; 
such as the one that comes in a Raspberry Pi or other board that is compatible 
with the NeoPixel WS2812B (the part we will be using). One other factor that is 
important to remark in this diagram is that it only accounts for the set of LEDs, as 
if it was the only component in the whole circuit, disregarding completely the 
Pulse Monitor, Speakers, or Display. It is important for us to understand how 
each individual component should be put together before we can bring them 
together into a module, it allows for a safer and more effective practice. In this 
diagram, a 5V source is used and a diode to regulate the source is shown as well 
for the LEDs. The input from the lights is connected directly to the output of the 
microcontroller, which is left unnamed in case we choose to use a different one 
from the Arduino Uni. Lastly, this example only contains four LED modules, it is 
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important to remark that our strip contains 30 so the following schematic serves 
as a minimized example of our real life device. Refer to the following figure for 
rough schematic. 
 

 
Figure (15) Circuit Schematic for LED lights 

 
6.1.2.2 Pulse Sensor 
 
In this section we will discuss the circuit schematics of the pulse sensor. The 
pulse sensor is a vital part of this project and so is the circuit schematic for it. The 
way this sensor was design makes reliable pulse readings fast and easy to 
achieve. This is done by combining a simple optical heart rate sensor with noise 
cancelling and amplifying circuitry. The pulse sensor is also powered with just 
4mA at 5V making the component ideal for our project. An important restriction 
with this sensor is that the sensor functions for an Arduino board so if this 
element is to make it to the final presentation then the microcontroller we will 
need to use an Arduino instead of a Raspberry Pi.   
 

 
Figure (16) Overall Pulse Sensor Circuit Schematic – Reprinted with Permission of Joel Murphy 



46 
 

 
Table () below lists all of the components used in the overall circuit design. As 
you can see from the overall circuit schematic, the overall all design is fairly 
simple and the parts used contribute to that. The circuit consists of a miniature 
surface-mount ambient light photo sensor manufactured by Avago, a low-power 
five pin op amp manufactured by Microchip Technology Inc., a reverse mount 
LED manufactured by Kingbright, a powerline diode manufactured by Bourns, 
five capacitors ranging in value of 2.2uF to 4.7uF, and six resisters ranging in 
values as small as 10kΩ to 3.3MΩ.  
 

Component 
Board 
Reference Value Description Quantity 

APDS-9008 U1  Sensor 1 

MCP6001 U2  Op Amp 1 

RevMntLED D1  Reverse Mount LED 1 

DI0603 D2  Powerline Diode 1 

CAP 4.7uF 0603 C1,C2,C3 4.7uF Capacitor 1 

CAP 0.1uF 0603 C4,C5 2.2uF Capacitor 1 

R 470 0603 R1 470K SMT Resistor 1 

R 100 0603 R2 12K SMT Resistor 1 

R 13K 0603 R3,R4 100K SMT Resistor 2 

R 13K 0603 R5 10K SMT Resistor 1 

R 13K 0603 R6 3.3M SMT Resistor 1 

Table (6) Overall Pulse Sensor Circuit Schematic Components – Reprinted with Permission of Joel 
Murphy 

 
Figure (17) below is the physical dimensions of the miniature surface-mount 
ambient light photo sensor. The figure goes into detail of the dimensions of the 
sensor having measurements from the multiple views such as top, bottom, front 
and side views. The dimensions are listed in millimeters and are there for a 
greater sense of what will be included in the final circuit schematic of the pulse 
sensor. Some key features that we like about this sensor are; excellent 
responsivity, low sensitivity variation among different light sources, lead free, 
high output saturation voltage and output linearity across a wide illumination 
range. This photo sensor benefits designs by being able to reduce power 
consumption drastically.  
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Figure (17) APDS-9008 Dimensions (mm) - Permission Requested from Avago Tech 

 
Figure (18) below shows the PIN configuration of the APDS-9008 sensor. While 
showing where each PIN is connected it also shows where the light source would 
be coming from and where the microcontroller would be connected. The figure is 
descriptive in the sense that it has each PIN numbered along with showing where 
they are connected to. While the figure is meant to only show the PIN 
configuration it also shows a load capacitor and a load resistor. The selection of 
this load resistor will determine the amount of conversion from current-to-voltage 
in the circuit.  
 

 
Figure (18) APDS-9008 Miniature Surface-Mount Ambient Light Photo Sensor - Permission 

Requested from Avago Tech 

 
While figure (18) above offers a visual aid of the location of each PIN, table () 
below offers the PIN name along with its description. Only three PIN’s are 
actually connected to something. Those PIN’s are one, four, and six. PIN one is 
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assigned to VCC, PIN four will be connected to ground and PIN six will be the 
output. PIN’s two, three, and five will not be connected to anything.  
 

PIN Name Description 

1 VCC VCC 

2 NC No Connect 

3 NC No Connect 

4 GND Ground 

5 NC No Connect 

6 Iout Out 

Table (7) APDS-9007 PIN Description - Permission Requested from Author 

 
The miniature surface-mount ambient light photo sensor also has a set of 
characteristics and ratings that have been put in place by the manufacturer in 
order to keep the component working safely and reliably. Table () below has 
information taken from the manufacturer’s datasheet and shows the absolute 
maximum ratings of certain parameters that we are interested in.  
 

Parameter Symbol Rating Unit 

Supply Voltage VCC 0~+6.0 V 

Storage Temperature TS -40~+85 °C 

Operating Temperature TA -40~+85 °C 

Table (8) APDS-9007 Absolute Maximum Ratings - Permission Requested from Author 

 
Figure (19) below offers the physical dimensions of the MCP6001 Op Amp that 
will be used in the overall circuit schematic for the pulse sensor. The figure goes 
into great detail describing the dimensions of the Op Amp such as top, front and 
side views of the Op Amp. The dimension described in the figure are listed in 
millimeters and are there for a greater understanding of how much space will be 
taken up on the overall circuit schematic. Some of the key features that we liked 
about this particular Op Amp were that it has a typical gain bandwidth product of 
1 MHz, relatively low supply voltage of 1.8V to 6.0V, typical supply current of 
100µA and available in various types of packages.  
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Figure (19) MCP6001 Dimensions (mm) – Reprinted with Permission of Microchip Technology Inc. 

 
Figure (20) below shows the PIN configuration of the MCP6001 Op Amp. The 
figure is descriptive in the sense that it has each PIN numbered along with 
showing what each PIN is labeled for. Also as shown in the figure two different 
package types use the same five pin Op Amp design. However for our circuit we 
will be using the SC70-5 package.  
 

 
Figure (20) MCP6001 Op Amp - Reprinted with Permission of Microchip Technology Inc. 

 
While figure (20) above offers a visual aid of the location of each PIN, table (9) 
below offers the PIN name along with its function. Unlike the miniature surface-
mount ambient light photo sensor each PIN for the Op Amp will serve a certain 
function. Pin one is the analog output, PIN two will be connected to ground, PIN 
three serves as the non-inverting input, PIN four serves as the inverting input and 
PIN five functions as the positive power supply.  
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PIN Name Function 

1 VOUT Analog Output 

2 VSS Ground 

3 VIN+ Non-Inverting Input 

4 VIN- Inverting Input 

5 VDD Positive Power Supply 

Table (9) MCP6001 PIN Function - Reprinted with Permission of Microchip Technology Inc. 

 
The MCP6001 Op Amp also has a set of characteristics and ratings that have 
been put in place by the manufacturer in order to keep the component working 
safely and reliably. Table (10) below has information taken from the 
manufacturer’s datasheet and shows the absolute maximum ratings of certain 
parameters that we are interested in. If more information is needed please refer 
to the parts data sheet. 
 

Parameter Symbol Rating Unit 

Supply Voltage VDD 1.8~6.0 V 

Analog Inputs VIN+, VIN- -1.0~+1.0 V 

Storage Temperature TS -65~+150 °C 

Operating Temperature TA -40~+125 °C 

Table (10) MCP6001 Absolute Maximum Ratings - Reprinted with Permission of Microchip 
Technology Inc. 

 
Figure (21) below is the physical dimensions of the reverse mount LED. The 
figure goes into detail of the dimensions of the LED having measurements from 
the multiple views such as top, front and side views. The dimensions are listed in 
millimeters and are there for a greater sense of what will be included in the final 
circuit schematic of the pulse sensor. Some key feature that we liked about the 
reverse mount LED were that it has long life, solid state reliability, a moisture 
sensitivity level of level 3 and a green color source. 
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Figure (21) Reverse Mount LED Dimensions (mm) – Permission requested from KingBirghtUSA 

 
The reverse mount LED also has a set of characteristics and ratings that have 
been put in place by the manufacturer in order to keep the component working 
safely and reliably. Table () below has information taken from the manufacturer’s 
datasheet and shows the absolute maximum ratings of certain parameters that 
we are interested in. We found it only necessary to include reverse voltage, 
storage and operating temperature but if more information is needed please refer 
to the parts data sheet. 
 

Parameter Symbol Rating Unit 

Reverse Voltage VR 5 V 

Storage Temperature TS -40~+85 °C 

Operating Temperature TA -40~+85 °C 

Table (11) Reverse Mount LED Absolute Maximum Ratings - Permission requested from Author 

 
Figure (22) below is the physical dimensions of the powerline diode that will be 
used in the pulse sensor circuit design. The figure goes into detail of the 
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dimensions of the diode having measurements from the multiple views such as 
top, front and side views. The dimensions are listed in millimeters and are there 
for a greater sense of what will be included in the final circuit schematic of the 
pulse sensor. Some key features that we liked about the powerline diode were 
that it has a low stored charge, Lead free and compatible with other Lead free 
manufacturing processes. Bourns offers small- signal high-speed diodes for 
rectification and switching applications. This compact chip package is 
significantly smaller than most other competitive parts 
 

 
Figure (22) DI0603 Dimensions (mm) – Permission Requested from Bourns 

 

The powerline diode also has a set of characteristics and ratings that have been 
put in place by the manufacturer in order to keep the component working safely 
and reliably. Table () below has information taken from the manufacturer’s 
datasheet and shows the absolute maximum ratings of certain parameters that 
we are interested in. We decided to only include the reverse voltage, power 
dissipation, storage and junction temperature but if more information is needed 
please refer to the parts data sheet. 
 

Parameter Symbol Rating Unit 

Reverse Voltage VR 40 V 

Power Dissipation PD 150 mW 

Storage Temperature TSTG -40~+125 °C 

Junction Temperature TJ -40~+125 °C 

Table (12) DI0603 Absolute Maximum Ratings - Permission Requested from Bourns 
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6.1.2.3 Display 
 
The 3.5 inch TFT 320X480 display produced by Himax also has the capability of 
resistive touch and comes with a micro SD socket, the part number is 
HXD8357D. This display is backlit by six white LEDs that help adjust the 
brightness of the screen to the user’s preferences. The Himax 3.5” display comes 
with an integrated controller and RAM buffering built into it as well, which allows 
to alleviate stress on the external microcontroller we will be using. This product 
can be used in either of two modes: 8-bit or SPI. The eight bit mode calls for 
eight digital data lines and four or five digital control lines to read and write to the 
display (a total of twelve (12) lines). The SPI mode only requires five lines in 
total, SPI data in, data out, clock, select, and d/c). However, the SPI mode is 
slower than the 8-bit mode, and in addition to that; four additional pins are 
required for the touch screen, two digital and two analog.  
 
In addition to the integrated controller on the display, a resistive touchscreen 
controller will be needed for this component, the STMPE610. This component 
operates at a voltage rating between 1.8 and 3.3 Volts and requires the four 
afore mentioned pins to connect to the controller in order to control the resistive 
touch screen. This component is capable of detecting interaction with the user in 
three axes; X, Y, and Z, which represent horizontal distance, vertical distance, 
and depth, respectively. The following figure represents the distribution of the 
pins on the controller. 
 

 
Figure (23) Pin assignments for STMP610, reprinted with permission of ST 

 
The following table references all 16 of the PINs mentioned in the previous 
figure, and explains what each one of their functions is, refer to the following 
table. 
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Pin Name Function 

1 Y- Y-/GPIO-7 

2 INT Interrupt output (VCC domain, open drain) 

3 A0/Data Out I2C address in Reset, Data out in SPI mode (VCC domain) 

4 SCLK I2C/SPI clock (VCC domain) 

5 SDAT I2C data/SPI CS (VCC domain) 

6 VCC 1.8 −3.3 V supply voltage 

7 Data in SPI Data In (VCC domain) 

8 NC - 

9 Mode 

MODE 
In RESET state, MODE selects the type of serial interface 
"0" - I2C 
"1" - SPI 

10 GND Ground 

11 IN2 IN2/GPIO-2 

12 IN3 IN3/GPIO-3 

13 X+ X+/GPIO-4 

14 Vio Supply for touchscreen driver and GPIO 

15 Y+ Y+/GPIO-5 

16 X- X-/GPIO-6 
Table (13) PIN assignments for STMP610, recreated from the data sheet of the product 

 
The Himax HX8357 display, as previously stated, is a 3.5” diagonal Liquid 
Crystal, Thin Film Transistor Display (LCD TFT). It has a resolution of 320x480 
pixels controlled by 18-bits, which allows it to be able to produce up to 262,000 
different colors. It is 5Volt compatible since its power range goes from 3.3 to 5V, 
which allows us to conclude we could use the same power source as our 
microcontroller for this part of the project. This product also comes with an 
onboard 3.3V at 150mA low-dropout (LDO) regulator. The following figures 
represent the schematic diagrams for the display and the memory card slot that 
comes with it, along with their respective pin locations and functions.  
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Figure (24) Himax HX8357 PIN location and function 

It is possible to observe, from the previous figure, that we have decided to wire 
the display by following the 8-bit mode. This decision was made based on the 
performance assumptions offered by the seller, since it was affirmed that the 8-
bit mode would be more effective and faster than the SPI mode.  
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Figure (25) Micro SD card slot 

 
Although the micro SD slot comes embedded into the display module, it is its 
own component and needs to be wired independently to be controlled by the 
microcontroller. In the figure above, it is possible to identify each of the PINs and 
their respective functions in this piece of equipment. It is important for this group 
to identify and understand the wiring diagram for this piece of the project since 
music is a significant part of the concept. Ultimately, we would like to be able to 
have several music playlists that the customers could choose from. The 
possibility of having an SD card slot would allow for versatility at the time of 
keeping these playlists updates due to the fact we could easily remove it, insert 
new music with a computer, and place it back into its assigned location. 
 
The following circuit schematic refers to the white LED backlight that comes with 
the display. The purpose of this component in the circuit is to offset the 
brightness of the display, it could help enhance the visibility of the figures we are 
attempting to display, or it could help make them less bright if the driver decides 
that the component is hurting their eyes. 



57 
 

 
Figure (26) backlight LED circuit schematic 

 
6.1.2.4 Speaker 
 
When designing an audio system there are several factors the one must 
considered before starting to acquire any components. Planning is crucial as with 
any other aspect of this project to ensure that we meet the requirements of the 
project and finish on schedule. For the purpose of tailoring an audio system build 
to complement the project we analyzed the following. This most important and 
the first thing we considered was, figuring out what are project requirements that 
needed be meet, in other words, what kind of audio capabilities do we need. 
Next, we calculate our budget to find out how much funds we are allocating 
towards this build. We also calculated if it was cheaper to build some of the parts 
(such as the enclosure) from cheaper material instead of ordering it complete 
with the speakers and amplifier. Finally, allocated time to the research and 
development of this audio system relative to the overall project.  
 
After further considering the hardware specific pieces that would be used in this 
project, we decided that we would use the PYLE Hydra. The following set of 
figures and tables specifies the wiring diagrams and pin functions for this set. We 
will follow the specifications provided by the manufacturer in order to build a 
working product. 
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Figure (27) Pyle Hydra Wiring Diagram – Permission to Reprint requested from Pyle 

 

 

Figure (28) Pin Distribution on the Pyle Hydra Speaker System – Permission to Reprint Requested 
from Pyle 

 

Pin Number Pin Name 

1 Input Level 

2 Polarity 

3 Gain 

4 Volume Control 

5 Stereo RCA Input 
Table (14) Pin Distribution for Pyle Hydra Speaker System 



59 
 

6.2 Software Design 
 
In this section, we will describe the process we hope to follow in order to 
complete the software design portion for the individual pieces of our project. It is 
important for the group to have a solid understanding of the requirements and to 
design a plan also which will lead to the completion of the software aspect of the 
Heart Racer. The software component of this project is a crucial one, without the 
software, we will have a group of hardware components that can’t communicate 
with each other and do not know what they’re doing. Ultimately, the software 
written will be the language that all components will have in common and will use 
to communicate with each other, this component of our project will allow us to 
successfully produce a machine that works as we have designed it to. 
 
Developing software and hardware for microcontroller based systems involves 
the use of a range of tools that can include editors, assemblers, compilers, 
debuggers, simulators, emulators and Flash/OTP programmers. Below is the 
diagram showing microcontroller development cycle with some software and 
hardware components. 
 

 
Figure (29) - Software Development Cycle 

 
As from diagram above we can see that software development starts with writing 
a code. We have considered few languages and they will be described later. 
Second step is translating code into machine opcode. We can control this step by 
choosing the right hardware. Third step is to fix any errors of the software if 
compilation of the code was not successful, step 1 should be repeated to correct 
any errors. After successful compilation, it is best practices to use hardware 
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emulation to test software code. After completing emulation successfully and 
checking for bugs, code could be loaded into microcontroller and verification with 
real chip could be performed for functionality.  The last step is completed coded 
microcontroller for embedded project. In our project, as of right now emulation 
will not be performed but prototyping of the project will be implemented for the 
same purpose and reason: to check functionality of the programmed board. 
 
Overall, microcontroller based systems, embedded systems, programming is 
different from developing applications on a desktop computers. Key 
characteristics are: Embedded devices have resource constraints (limited ROM, 
limited RAM, limited stack space, less processing power). Components used in 
embedded system and PCs are different; embedded systems typically uses 
smaller, less power consuming components. Third, embedded systems are more 
tied to the hardware. Also big importance of code speed and code size should be 
considered when developing software for embedded system. Code speed is 
determined by the processing power, timing constraints, whereas code size is 
determined by available program memory and use of programming language.  
Goal of embedded system programming is to get maximum features in minimum 
space and minimum time. Therefore, type of microcontroller, manufacturer and 
characteristics should be considered before developing software. 
 
6.2.1 Microcontroller Characteristics 
 
For the microcontroller chip we have decided that ATmega328 microcontroller 
will be used for our project. The ATmega328 is a low-power CMOS 8-bit 
microcontroller based on the AVR enhanced RISC architecture. By executing 
powerful instructions in a single clock cycle, the ATmega328 achieves 
throughputs approaching 1 MIPS per MHz allowing optimizing power 
consumption rather than processing speed. Configuration of the microcontroller 
is the following: 
 
1. RISC Architecture: has 131 instructions with mostly single clock cycle 
execution; 8 registers of 32 bits; static operations; on-chip 2 cycles Multiplier. 
 
2. High Endurance Non-volatile Memory Segments: 4/8/16/32KBytes of In-
System Self-Programmable Flash program memory; 256/512/512/1KBytes 
EEPROM;  512/1K/1K/2KBytes Internal SRAM; Write/Erase Cycles: 10,000 
Flash/100,000 EEPROM; optional Boot Code Section with Independent Lock Bits 
such as: In-System Programming by On-chip Boot Program and True Read-
While-Write Operation; Programming Lock for Software Security. 
 
3. Atmel® QTouch® library support: Capacitive touch buttons; sliders and 
wheels; QTouch and QMatrix® acquisition; up to 64 sense channels. 
 
4. Peripherial Features: Real Time Counter with Separate Oscillator; Six 
PWM Channels; 8-channel 10-bit ADC in TQFP and QFN/MLF package; 6-
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channel 10-bit ADC in PDIP Package; Programmable Serial USART; 
Master/Slave SPI Serial Interface; Byte-oriented 2-wire Serial Interface (Philips 
I2C compatible); Programmable Watchdog Timer with Separate On-chip 
Oscillator; On-chip Analog Comparator; Interrupt and Wake-up on Pin Change 
 
5. Special Microcontroller Features: Power-on Reset and Programmable 
Brown-out Detection; Internal Calibrated Oscillator; External and Internal 
Interrupt Sources; Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, 
Power-down, Standby, and Extended Standby 
 
6. I/O and Packages: 23 Programmable I/O Lines; 28-pin PDIP, 32-lead 
TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF 
 
7. Operating Voltage: 1.8 - 5.5V 
 
8. Temperature Range: -40o C to 85o C 
 
9. Speed Grade: 0 - 4MHz@1.8 - 5.5V, 0 - 10MHz@2.7 - 5.5.V, 0 - 20MHz 
@ 4.5 - 5.5V 
 
10. Power Consumption at 1MHz, 1.8V, 25o C; Active Mode: 0.2mA; Power-
down Mode: 0.1μA; Power-save Mode: 0.75μA  
 
And below is the diagram of pin configuration of the microcontroller: 
 

 
Figure (30) -  PDIP pin configuration of ATmegag328 microchip 

 
Here is the written configuration of the pins taken from “ATMEL 8-BIT 
MICROCONTROLLER WITH 4/8/16/32KBYTES IN-SYSTEM PROGRAMMABLE 
FLASH” Datasheet: 
 

 VCC - Digital supply voltage 
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 GND - Ground 

 Port B (PB7:0) XTAL1/XTAL2/OSC1/OSC2 - Port B is an 8-bit bi-
directional I/O port with internal pull-up resistors.  

 Port C (PC5:0) - Port C is a 7-bit bi-directional I/O port with internal pull-up 
resistors. As inputs, Port C pins that are externally pulled low will source current 
if the pull-up resistors are activated.  

 PC6/RESET - If the RSTDISBL Fuse is programmed, PC6 is used as an 
I/O pin. Electrical characteristics of PC6 differ from those of the other pins of Port 
C. 

 Port D (PD7:0) - Port D is an 8-bit bi-directional I/O port with internal pull-
up resistors. As inputs, Port D pins that are externally pulled low will source 
current if the pull-up resistors are activated.  

 VCC pin 20 - VCC or AVCC is the supply voltage pin for the A/D 
Converter, PC3:0, and ADC7:6. It should be externally connected to VCC, even if 
the ADC is not used. If the ADC is used, it should be connected to VCC through 
a low-pass filter 

 AREF - Analog reference pin for the A/D Converter. 
 
6.2.2 Microcontroller Programming 
 
In order to program the microcontroller, we considered several options and 
assessed which would be the most efficient for the sake of the Heart Racer Go-
Kart. It was possible to find that there are two ways to program the 
microcontroller: Out-of-Circuit and In-System Programming. Both of these ways 
will be explained in the following sections. 
 
6.2.2.1 Out-of-Circuit Programming. 
 
Out-of-Circuit Programming (OTP) microcontrollers are typically programmed 
out-of-circuit. That means the microcontroller is programmed before being 
soldered on the target board. For that purpose production grade programmers 
offer a choice of optional, high quality, expensive, zero-insertion-force pin 
adapters to support different package flavors. 
 
6.2.2.2 In-System Programming 
 
FLASH microcontrollers can be programmed both in-circuit, in-system (ISP) and 
out-of-circuit. With in-circuit programming the microcontroller is already soldered 
into the target system and can be programmed via one of its communication 
interfaces (UART, SPI). This requires having the signals required for 
programming routed to an in-system-programming connector to which an ISP 
programmer can be hooked up. The ISP connector required varies from 
manufacturer to manufacturer and microcontroller to microcontroller. In our case 
ATmega328 microcontroller from Atmel manufacturer will be used, so in system 
programmer will be Arduino Board for future configuration of PCB layout.  As ISP 
programming is done via a serial interface it is slower than out-of-circuit 
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programming that uses parallel data transfers. One big advantage of ISP 
programmers is the fact that they do not require expensive zero-insertion-force 
socket adapters. Only ISP connector on the board and the microcontroller 
soldered onto the board to program will be needed for ISP. Having an ISP 
connector on the board enables a programmer to do bug fixes and firmware 
updates without having to unsoldering the microcontroller. This method of 
microcontroller programming is suitable for our design and will be implemented. 
 
6.2.3 LED lights 
 
The LED lights will be connected directly to the microcontroller board, or Printed 
Circuit Board, designed by the group. This component has four pins that will be 
used for control, VDD and VSS are irrelevant in this section as they are the Pins 
respective to the power source for this component. Din and Dout will be the ones 
important to us, since they determine what color the LED will display and allow 
for the microcontroller to be aware of what color the strip is showing at the 
moment. 
 
Since the LED strip will be controlled and tested by the Arduino microcontroller, 
and later by the Circuit Board that we will design simply using the ATmega 
processor, the control software for this piece will be written, most likely, in C 
language and will be stored in the microcontroller’s memory. 
 
The software will directly relate the LED strip with the Pulse Monitor. As the 
Pulse Monitor reads in data from the driver, this data will be processed by the 
microcontroller and it will give instructions to the LED strip based on what it 
gathered. We have determined that if the driver’s heart rate lies between 100 and 
120 beats per minute, the LED color will be Blue, if it is between 120 and 140 
bpm it will blink between Green and Yellow, between 140 and 160 it will blink 
between Purple and Orange, and finally, anything greater than 160 will blink 
between Red, Orange, and White.  
 
The LED strip will run synchronized with a clock that will allow to refresh the 
status of the lights every five seconds, this clock will be implemented into the 
software for the microcontroller. This clock will allow us to only change the color 
of the light when necessary and also to keep it from refreshing too often and 
distracting the driver while they are racing. 
 
Adafruit, the website we will be purchasing the NeoPixel lights from, offers a long 
set of tutorials on how to program this set as well as many example codes that 
can be used with the purpose of enabling your lights to perform a function. We 
plan on utilizing the sample libraries for the benefit of your project and as 
examples of how we should implement our design into the microcontroller. 
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6.2.4. Music 
 
Software development for music player consists of multiple functions which will 
be needed to implement. As in any music player data (song, music, voice, or 
beats) have to be downloaded from some source. Such source can be either 
wireless or wired. We have decided to take data from I/O source such as USB 
drive. Such USB drive is available in Arduino board; Arduino board will be used 
by our group for prototyping and also will be taking into consideration when PCB 
board will be developed.  When USB drive is connected data should become 
available to a user through monitor display to make a choice of the song. TFT 
monitor should also have available following function to control music: 
 

 choice of the music folder 

 choice of the song 

 choice to play 

 choice to pause 

 choice to stop 

 choice to volume up 

 choice to volume down 

 choice to return to root folder 

  
As we can see some of the functions does include multiple hardware parts such 
as speakers and monitor. Therefore they have to be programmed to satisfy and 
to response to the main functions described above. Below is the UML Use Case 
diagram of possible software outcome for music player.  
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Figure (31) - Use Case diagram for music player Software Development 

 
6.2.5 Display 
 
Since monitor was also mentioned as involved hardware part, below is the 
possible overlay of UI on the display, where music, heart rate and speed 
displayed to a driver of the Go-Kart.  
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Figure (32) - Potential User Interface of the TFT Display 
 
Display will be programmed in C++ object oriented language and should 
implement simple functions to display information on the screen from other I/O 
devices of the embedded system.  Touch screen part will be necessary to select 
music, and perform other operations in the music player section.  Here is the Use 
Case diagram of the display software development: 
 

 
Figure (33) – Use Case UML diagram for display software 
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6.2.6 Heart Rate  
 
Software development for the heart rate are related to software development of 
the LED light since they have complemented each other and outcome depends 
on the income of other hardware part. In part 6.2.1 software development of the 
LED light was described, where readings of the pulse sensor as hardware part to 
read heart rate were followed the normal heart rate of the healthy adult. 60 to 100 
bits per minute is considered to be a healthy heart beat of a person 10 years or 
older. Above 100 bps is considered as elevated, whereas maximum available 
rate will be considered as 200 bits per minute. Therefore as it was already 
mentioned earlier every 10 bits to norm will change LED light spectrum.  Visible 
light spectrum varies from 400 nm for BLUE color to 700 nm for RED color.  Then 
the division of the heart rate readings data and color change of the LED light will 
be as follows: 
 

 
Table (15) - Connection between LED lights and Heart Rate 

 
Considering information above, software development for the Heart Rate will 
consist of gathering information from the pulse sensor connected to a driver 
finger. Once this information gathered and stored by microcontroller, LED 
software part of the project will have to identify such information as one of the 
possible outcome for LED light outputs. Such reading of the pulse sensor will be 
repeated while pulse sensor is powered and data reading are legal.  It is hard to 
implement use case diagram since only one function is involved for pulse sensor, 
but below is the diagram of the software flow of the data from one device of 
embedded system to another.  
 

Heart rate (bpm) LED Light  Spectrum (nm) Color

 below 70 400 violet

70 - 80 423 violet

80 - 90 446 indigo

90 - 100 469 indigo blue

100 - 110 492 blue

110 - 120 515 greenish blue

120 - 130 538 green

130 - 140 561 yellow

150 - 160 584 light orange

160 - 170 607 orange

170 - 180 630 reddish orange

180 - 190 653 light red

190 - 200 676 red

above 200 699 pure red
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Figure (34) – Software Implementation of Pulse Sensor and LED Lights hardware Parts. 

 
6.2.7 Software Language 
 
As was described at the diagram “Software Development Cycle” software design 
starts with writing a code. Programmers have different approaches to choose the 
style, logic, algorithms of the future code, and it is up to them what to choose and 
implement. Language should be chosen depending on the programmer 
knowledge and easiness of translating high language into assembly language if 
needed. Three choices of programming languages were considered:  Assembly, 
C and C++.  
 
6.2.7.1 Assembly Language 
 
Assembly language is the lower programming language and used regularly to 
program embedded systems. Main reasons to use assembly language is it 
straight connection to machine code. Assembler instructions translate one by one 
to executed machine instructions. The processor needs only to execute what you 
want it to do and what is necessary to perform the task. No extra loops and 
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unnecessary features for generated code. If the program storage is short and 
limited and program should be optimized to be fit into memory, assembly 
language is the language of choice. Shorter programs also are easier to debug 
where every step is visible. And for the same reason, since only necessary code 
steps are executed  assembly programs are faster in execution.  So, since the 
duration of every step is known it is best when time critical applications, like time 
measurements without a hardware timer, that should perform excellent, must be 
written in assembler. If application is not time critical then other languages might 
be considered, where 99% chip spends in a wait state. It is true not true that 
assembly language is more complicated than or not as easy to understand as 
other languages, depends on the experience of a programmer in the field of 
assembly languages.  But what makes assembly languages sometimes look 
complicated is that it requires an understanding of the controller's hardware 
functions. This might be considered as an advantage in some situations as 
assembly language give better understanding on the hardware level of the chip. 
Higher level languages often do not allow using special hardware features and 
hiding these functions. Assembler programs are work as you program it: the chip 
executes anything you program to it and “tell it” to do, and does  give any 
warnings or acknowledgements about whether request should be overwritten or 
exception should be considered, unless you program such warnings  and 
protection features ahead. To find and correct any typo or basic design error in 
assembler is possible as in any other languages of high level; it could be easy or 
could be hard. But testing programs are relevantly easier, because if it does not 
do what you expect program to do, some diagnostics line could be added to the 
original code, which again could be deleted after the successful tests. 
 
6.2.7.2. C Language 
 
C language is considered as a high programming language. But use of C 
language in embedded systems has its own advantages such as:  

 C language is simple, small, easy to learn, understand and debug. 

 C Compilers are widely used and available for almost all embedded 
devices in use today. Most of the internet resources have examples of the 
embedded programs written in C.  

 Unlike assembly, C has advantage of independence from processor and is 
not specific to any particular microprocessor or microcontroller or any 
system. This makes it convenient for a user to develop programs that can 
run on most of the systems.  

 C language is fairly efficient. 

 It supports access to I/O and provides ease of management of large 
embedded projects. 

  
Many of advantages of C language are offered by other languages also, but what 
sets C apart from others like Pascal, FORTRAN, etc. is the fact that it is a middle 
level language; it provides direct hardware control without sacrificing benefits of 
high level languages. Compared to other high level languages, C offers more 
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flexibility because C is relatively small, structured language; it supports low-level 
bit-wise data manipulation.  
 
C language code in comparison with assembly language is more reliable and 
scalable, more portable between different platforms. Programs developed in C 
are much easier to understand, maintain and debug. Also, as they can be 
developed more quickly, codes written in C offers better productivity. It is easier 
to write human readable code in C and convert it to an efficient assembly code 
rather than writing an efficient code in assembly itself especially for 
unexperienced programmers.  
 
Overall, C language can be seen as middle level programming language, since it  
combines functionality of assembly language and features of high level 
languages 
 
6.2.7.3. C++ Language 
 
C++ is another high level language that was taken into consideration. There are 
a number of reasons to consider using C++ language for embedded. C++ similar 
to C language but is Object Oriented Language and will be very helpful when 
programing of such devices as monitor is needed.  But C++ has to be treated 
with caution since performance varies across compiles due to differing 
implementations of the standard by individual vendors, such as Microsoft, and 
open-source offerings. In addition, C++ and its libraries tend to be much larger 
and more complex than C language libraries.  C++ community has debated 
about what features could be used and what should be avoided when used for 
programming embedded systems.  
 
So, C++ is almost exactly a superset of C.  Therefore anything that can be done 
in C can also be done in C++. Existing C language code can typically be re-
compiled as C++ with about the same amount of difficulty that adopting a new C 
compiler entails. This also means that migrating to C++ can be done gradually, 
starting with C and working in new language features at your own pace. 
 
Many of the features of C++ are strictly front-end issues. They have no effect on 
code generation, the benefits of it that it is free of cost at runtime. For example,   
 
default arguments to functions are a cost-free front end feature. The compiler 
inserts default arguments to a function call where none are specified by the 
source. Another example is function name overloading. Function name 
overloading is made possible by a simple compile time mechanism. The 
mechanism is commonly called “Name Mangling”. Name mangling modifies the 
label generated for a function using the types of the function arguments, or 
function signature. Name mangling ensures that functions are not called with the 
wrong argument types and it also allows the same name to be used for different 
functions provided their argument types are different. 
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Below is the code example of function name overload implementation in C++ and 
C languages: 
 
     // example C++ function name overload  
     void my_function(int i) { 
       // ... 
     }      
     void my_function(char const* s) { 
       // ... 
     } 
     int main() { 
        my_function(1);   
        my_function("Hello world"); 
        return 0; 
     } 
 
 
     When such code translated in C, compiler will substitute function names with 
similar names into different names such as: 
     void my_function_int(int i) { 
         // ...  
     } 
     void my_function_charconststar(char const* s) { 
         // ...  
     }… 
 
And as it was mentioned above it is cost-free front end feature.  
 
Unlike C, in C++ pointers are not used but reference. It is identical to pointers but 
safer, because they can’t be null, they can’t be uninitialized, and they can’t be 
changed to point to something else. The closest thing to a reference in C is a 
constant pointer, the one cannot be modified.  
 
Third differences of C++ are classes, member functions and objects. Classes 
and member functions are the most important concept in C++. Unfortunately, 
sometimes it could be hard to implement due to lack of knowledge of such 
classes and its potential use, because classes usually introduced without 
explanation of how they are implemented. In simple form class can be explained 
as a C struct. Moreover, in C++, a struct is defined to be a class whose members 
are public by default. A member function is a function that takes a pointer to an 
object of its class as an implicit parameter. So a C++ class with a member 
function is equivalent, in terms of code generation, to a C struct and a function 
that takes that struct as an argument. 
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Parts of a class could be declared as private, protected, or public. This allows the 
programmer to prevent misuse of interfaces. There is no physical difference 
between private, protected, and public members, therefore allow the programmer 
to prevent misuse of data or interfaces through compiler enforced restrictions. 
 
Another difference from C language is use of objects. An object in C++ is simply 
a variable whose type is a C++ class. It corresponds to a variable in C whose 
type is a struct. A class is little more than the group of member functions that 
operate on objects belonging to the class. When an object-oriented application 
written in C++ is compiled, data is mostly made up of objects and code is mostly 
made up of class member functions.  
 
Clearly, arranging code into classes and data into objects is a powerful 
organizing principle. Clearly also, dealing in classes and objects is inherently no 
less efficient than dealing with functions and data. 
 
Overall all 3 choices of the languages would be considered: C language as more 
‘human’ which is easier to implement, C++ as an Object oriented which is more 
suitable for programming devices with User Interface, and assembly language as 
language  which is easier to debug and test. 
 
7 Project Prototype 
 
Our project prototype will be a fully functioning Go-Kart with LED lights, two 
speakers, a pulse sensor, a speedometer, and a display. All of these parts will be 
integrated and working on a single microcontroller. Each individual part however 
serves its own purpose for the prototype. The prototype will approximately be 71” 
long, 41” wide at the front bumper, 55” wide at the rear bumper and 36” to the top 
of the roll cage. The Go-Kart will be using a 6.5 HP (212cc) OHV Horizontal Shaft 
Gas Engine. The speaker that will be mounted on each side of the driver will be 
the Pyle PLMRKT2A 2-Channel Waterproof MP3/iPod Amplified 6.5-Inch Marine 
Speaker System. The pulse sensor will be purchased from “Sparkfun” and will be 
placed on the steering wheel for a quick and easy way to record the drivers pulse 
while driving. We ourselves will be fabricating an electric speedometer by using a 
330 ohms resistor, a 10 ohms resistor, a Hall-Effect sensor, our microcontroller, 
and our display. The display that will be placed on the steering wheel of the 
prototype will be purchased from “Adafruit”. It will be a LCD display and will be 
3.5” with a screen resolution of 320x480. The display will also be touchscreen 
and able to show color. The microcontroller being used for the project will either 
be a Raspberry Pi or and Arduino. The selection of this will ultimately depend on 
whether or not the separate components can be compatible with the board.  
 
There will be many different types of goals for the prototype. The first goal is that 
the Go-Kart will be able to achieve speeds of 40 mph with the engine provided. 
The second goal will be that the LED lights around the driver will be able to 
create an ambient effect around the driver. The third goal is that the speakers on 
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each side of the driver will be loud enough for the driver to enjoy will driving the 
Go-Kart. Another goal will be that the pulse sensor will be able to achieve reliable 
readings that will be able to cancel out any noise. Our fourth goal for the 
prototype is that the speedometer will be able to correctly calculate the speed of 
the Go-Kart while also projecting that speed on the display. And finally our last 
goal for the prototype will be that the display being used will be able to show the 
heart rate of the driver, the speed the Go-Kart is traveling, and the music being 
played. Each part individually should be able to achieve all of the listed goals but 
there is no way in knowing whether or not these goals will be met when all the 
parts are integrated together. 
 
All the electronics on board will be powered by a DC battery between 5V and 
12V. The pulse sensor extracts information from the driver and inputs information 
into the microcontroller. The microcontroller then outputs the information received 
from the pulse sensor to the LED lights, speakers and display. The speedometer 
extracts information from the Go-Kart and inputs it to the display. The figure 
below is for a greater understanding of how the electronics will work with one 
another.  
 

 
Figure (35) Electronic Block Diagram 

 
The microcontroller is a vital piece to help integrate all the software. The pulse 
sensor data will be measured within the microcontroller and then the 
microcontroller outputs that information. The microcontroller will send the heart 
rate received from the pulse sensor to the display so that it can be displayed to 
the driver. The software will also determine, depending on the heart rate 
received, what type of music will be selected and what colors the LED lights will 
be. Once that information is received by the speaker and LED lights the correct 
information will be displayed. The microcontroller will also receive information 
from the speedometer and the software will then display that speed on the 
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display. The figure below is for a greater understanding of how all the software 
will work with one another. 
 

 
Figure (36) Software Block Diagram 

To power our prototype there will be two main components. There will be a 
component to get the Go-Kart running and then a separate component to power 
the onboard electronics. In order to power the Go-Kart itself we will be using a 
6.5 HP gasoline engine. The engine itself will be mounted to the horizontal shaft 
of the rear axle. Along with the engine there will be two sprockets each a different 
size. The sprockets being used will be a 60 tooth sprocket for the axle and a 20 
tooth sprocket for the clutch. The combination of the gasoline engine and the 
sprockets will be sufficient enough to power our Go-Kart. The second component 
that will power all the on board electronics will be a single 12V battery. This 
battery will be able to power the display, pulse sensor, speakers, LED lights, and 
the speedometer. The figure below is for greater understanding of how the 
prototype will be powered.  
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Figure (37) Power Block Diagram 

 
All together the prototype will have three major components; electronics, 
software and power. If all three of these components are working individually and 
working as a unit when put together, we will have a successful prototype. Once 
the prototype is completed it will undergo a series of tests to make sure it will 
meet all of our goals. Many of these tests will be repeated multiple times to make 
sure that we are receiving consistent results and to find any failures that could 
possibly occur. After all the tests have been completed and our prototype is fully 
functional when the presentations start our project will be at its full capability 
without any types of failures or errors. 
 
7.1 Go-Kart Prototype 
 
After we have researched and purchased all of the components of the Go-Kart 
we expect to have a full working prototype before presentation day, to be exact 
the prototype should be in complete functionality around October. The prototype 
will contain all components that have been discussed throughout the paper for 
the Go-Kart. Our prototype must be able to hold all of the separate components 
while also holding a driver who needs to be able to comfortably sit in the driver 
seat. Specifically for the Go-Kart itself the components should be the engine and 
frame. The engine and frame should both be purchased, mounted and ready for 
use.  
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7.1.1 Engine Prototype 
 
The engine of our prototype serves a crucial role for this project to be successful. 
The main function of the engine will be to output enough power to get our Go-
Kart near speeds of around 40 mph. These highs speeds serve to give the driver 
increased amounts of adrenaline when driving. The high amounts of adrenaline 
will ultimately give the driver a better experience when driving the Go-Kart 
around the track.  
 
Besides our main function for the engine the engine will also have two more 
goals. These goals will also contribute to the driver’s overall experience so they 
are important aspects to our project. The second goal will be that the engine 
meets the EPA emission standards for small engines. The third goal will be to 
have an engine that produces a minimum amount of noise in order for thee 
speakers to be able to be heard by the driver.  
 
Our engine prototype will be a 6.5 HP (212cc) OHV Horizontal Shaft Gas Engine 
from Predator Engines. The combination of this engine and the sprockets chosen 
will reach our speed goals. The 6.5 HP engine is just what is needed to help 
reach high speeds. Aside from that this engine does in fact meet the EPA phase 
III emission standards for small engines. Also the engine has a sound rating of 
104 dB which is loud but not loud enough to prevent the driver from being able to 
hear the music being played from the speakers.  
 
7.1.2 Frame Prototype 
 
The frame is another important part of the project due to the fact that almost all of 
the components will be directly connected to it in some way. In our case the 
frame of the Go-Kart involves the chassis and the roll cage. The roll cage will be 
made of steel and connected to the chassis by a set of bolts. However, the roll 
cage itself will be welded together. There will be a total of six bolted connections 
between the roll cage and the chassis. We chose this method so that if needed 
we could remove and connect the roll cage to the chassis easily.  
 
The Go-Kart will have two tires on the rear axle. Each tire will be approximately 
11 inches in diameter. On the front axle there will be another set of tires but 
these will be smaller than the rear ones, they will be 7 inches in diameter. The 
tires will be slicks which are designed for use on dry tracks. The design of the 
tires was implemented to produce a Go-Kart that could accelerate quickly, reach 
a high top speed and handle well when making high speed turns. 
 
Ideally for the prototype the roll cage will hold the LED lights. The LED lights will 
be placed throughout the roll cage facing inwards towards the driver to create an 
ambient atmosphere. The Go-Kart itself will contain all other components for the 
project, components such as the engine, speakers, display, pulse sensor, and 
the speedometer. The engine will be mounted to the chassis on the right of the 
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driver and moved a bit backwards towards the rear axle. The speakers will be 
mounted beside the driver, next to his/her ears for optimal sound. Ideally this will 
be done by having the two speakers mounted to the roll cage where the two bars 
come down beside the driver to the chassis of the Go-Kart. The display, pulse 
sensor and speedometer however will not be mounted to the chassis. Instead 
they will be mounted to the steering for easy access to the driver. Specifically the 
display will be placed at the center of the steering wheel, the pulse sensor will be 
placed on the steering wheels handles at the ten and two o’clock position and the 
speedometer will be placed above the display for maximum visibility for the 
driver.  
 
The Go-Kart frame will have about twenty-one main components as shown in 
figure () below. Part one is the throttle pedal. This is a mechanical part that when 
pressed by the driver will determine how fast the driver wants the Go-Kart to go. 
When the throttle pedal is pushed all the way down the throttle valve should fully 
open. If the throttle pedal is not being pushed then the throttle valve should be 
shut. Part two of the figure is the throttle wire. The throttle wire is connected to 
the throttle pedal and the engine. This wire sends the information received by the 
throttle pedal to the engine so that the engine does what the driver expects it to 
do. Part three is the steering knuckle. This part contains the wheel hub and is 
attached to the suspension components of the Go-Kart. The steering knuckle 
also supports the inner and outer wheel bearings. There is a steering knuckle on 
both the front left and front right tires. Part four is the tie rod. The tie rod connects 
both steering knuckles to one another. The tie rod’s purpose is that whenever the 
steering wheel is turned one direction the tie rod will allow both tires to turn in the 
same direction, at the same time. The tie rod is a vital part for the steering of the 
Go-Kart, if the tie rod breaks that is no way to steer the Go-Kart. Part five is the 
recoil starter. The recoil starter is a pull start mechanism and is used to start the 
engine. The recoil starter is composed of a rope that is attached to a handle at 
one end and the crankshaft at the other end. When the rope is pulled it spins the 
crank of the engine which in turn keeps the flywheel spinning allowing the engine 
to turn on. Part six the carburetor. The purpose of the carburetor is to mix the air 
and fuel of the combustion engine. It also regulates the air to fuel ratio and helps 
determine the engine speed. Depending on the ratio of the air and fuel will 
determine the speed. When there is a lot of air the more fuel will be drawn 
causing higher engine speeds. When there are low amounts of air less fuel is 
drawn causing lower engine speeds. Part seven is the exhaust pipe. The 
purpose of the exhaust pipe is to guide gases away from the controlled 
combustion inside the engine. The exhaust pipe is normally connected to a 
catalytic converter which reducing the carbon dioxide emissions, making the 
engine EPA certified. Part eight refers to the chain cover. The chain cover works 
as a safety component for the chain. Depending on how fast the Go-Kart is 
traveling will depend on the speed that the chain will be traveling and since the 
driver is sitting so close to the chain there are safety concerns. If something from 
the driver gets caught in the chain, such as hair or clothing the driver can get 
serious injured. Many people sometimes decide to remove the chain cover to 
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remove weight from their vehicle. For our prototype we will keep the chain cover 
on to prevent any injuries.  Part nine is the brake pedal. The brake pedal is 
another vital component of the Go-Kart frame. The brake pedal is the mechanical 
input to stop the Go-Kart. When pressed by the driver it will slow the vehicle by 
compressing the brake pads. The brake pedal is located to the left of the throttle 
pedal for easy access to the driver. The left foot of the driver will operate the 
brake pedal while the right foot of the driver will operate the throttle pedal. Part 
ten is the brake hose. The brake hose’s purpose is to transfer brake fluid from 
the brake fluid reservoir to the brake calipers. When the brakes have been 
applied by the driver the fluid will cause the brake pads to compress causing the 
vehicle to decelerate. If the brake hose where to break there would be no way to 
decelerate the Go-Kart which would be an enormous safety hazard. Part eleven 
refers to the steering column. The steering column is what connects the steering 
wheel to the tie rod. The steering column is important for the Go-Kart to have 
because without it there is no way to communicate the actions of the steering 
wheel to the tires. Thus the tires wouldn’t be able to be turned in the direction 
wanted by the driver. Part twelve is the steering wheel. The steering wheel is 
what will directly receive the input from the driver. The Steering wheel will also 
hold the display. The purpose of the steering wheel is so that the driver can 
manually input which direction they want to turn the Go-Kart. Without the steering 
wheel there would be no comfortable way to turn the Go-Kart. The driver would 
have to find another way to turn the tie rod which would be at their feet so while 
driving this task would not be possible. That is why the steering wheel is located 
where it is, on connected to the top of the steering column which is connected to 
the tie rod. Part thirteen refers to the side panels of the Go-Kart. There are two 
side panels, one of the left of the driver and the other on the right. One of the 
purposes of the side panels is to protect the driver from any side collisions. While 
side panels are also for protection many use them for appearance, creating 
artistic designs to display while driving around. Part fourteen refers to the brake 
calipers. Brake calipers are a vital part to decrease the speed of the Go-Kart. 
Their main job is to decrease the speed of the vehicle by causing friction with the 
rotors. The brake calipers compress the brake pads against the brake rotor which 
causes the Go-Kart to slow down. The rotor is connected to the tire and because 
of this when the rotor stops so down the tire. Part fifteen is the muffler. Mufflers 
are installed in the exhaust section of most vehicles but are not designed to 
serve any exhaust function. Instead mufflers are designed to reduce the noise of 
the exhaust. As the gas escapes the exhaust it creates a loud noise which can 
be uncomfortable. The muffler reduces the noise by misdirecting the back 
pressure back into the engine towards the internal chambers. Part sixteen is rear 
bumper. The rear bumpers main purpose is to protect the driver from a rear 
impact. While it does protect the driver it also protects the muffler and engine 
from a rear impact.  The rear bumper for Go-Karts is normally made of steel 
more maximum strength and low weight. Part seventeen is the TCI unit. TCI is 
another way of saying transistorized coil ignition. The purpose of the TCI unit is 
to ignite the fuel-air mixture to start the Go-Kart. These ignition systems use an 
electric spark to ignite the mixture. Part eighteen refers to the spark plug cap. 
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The spark plug cap is needed because the spark plugs alone do not suppress 
the noise enough. Spark plug caps are mostly made of rubber and need to be 
able to endure large amounts of heat, vibration and need to be waterproof. Part 
nineteen is the cylinder head. The cylinder head is the end cover of the cylinder 
for a combustion engine. The cylinder head used with the head gasket seal the 
cylinders of the engine. If the cylinder head were to crack then the cylinders of 
the engine may be severely damaged. A very common way that cylinder heads 
crack is overheating. Part twenty is the cylinder. The cylinder is the central 
working part of the engine and is the space where the piston is able to travel. The 
cylinder undergoes a four-stroke cycle known as the Otto cycle. The four steps in 
the following order are intake, compression, power exhaust. If the cylinder is 
damaged it can cause misfires to the engine and in its worst case cause the 
engine to be replaced. Part twenty-one refers to the high tension cord. The high 
tension cord connects the ignition coil to each of the spark plugs. They conduct 
the high output voltage when each ignition pulse occurs. If this part is damaged it 
could cause misfires of the spark plugs when not in sequences. The figure below 
is for visual aid to see where each part lays in comparison to a racing Go-Kart.  
 

 
Figure (38) Go-Kart Frame Components – Reprinted with Permission of Yamaha Motor 
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Figure (38) Go-Kart Chassis, describes the cable routing of the Go-Kart and also 
shows the overall chassis design of the Go-Kart. Part one displays the throttle 
cable which as you can see will travel along the right side of the chassis. The 
cable will travel all the way from the throttle pedal to the engine. Part two display 
the engine stop switch lead. The engine stop switch lead is a cable that when 
disconnected will start the engine. If the engine stop switch lead is connected the 
engine will not start. This mechanism acts as a safety so that the engine does not 
start unless needed. Part three is the high tension lead connects the ignition coil 
to the spark plugs on the engine. They conduct high output voltage from the 
secondary ignition circuit after each ignition pulse. Part four display the fuel hose. 
As you can see the fuel hose runs from housing under the steering wheel to the 
engine. The fuel hose is used to bring fuel from the fuel tank to the engine. Part 
five of the figure below shows the brake cable. As shown in the figure the brake 
cable runs from the brake pedal to a mechanism which determines how much 
braking force needs to be applied to the brake calipers. Part six and seven of the 
figure both refer to brake hoses. The brake hose’s purpose is to transfer brake 
fluid from the brake fluid reservoir to the brake calipers. 
 

 
Figure (39) Go-Kart Chassis – Reprinted with Permission of Yamaha Motor 
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7.2. Power Generation 
 
Power generation in modern society, can be coined as electricity generation. 
Electricity generation refers to the means of applying the fundamental principles 
of electricity (which were discovered by Michael Faraday in the early 1820’s and 
1830’s), to sources of primary energy in order to generate electric power. Almost 
everything in today’s societies is dependent on the generation of electric power 
from our manufacturing industries, medical industries, transportation, to our 
homes – everything. It is safe to say that without power generation the world as 
we know it today would be very different.  
 
The most common means of generating electricity to power that is widely use 
through the world, is through large generator power houses that uses Steam 
Generators. The steam generator works by using a boiler to create steam by 
applying heat energy to water. This steam that blows onto the blades of a turbine 
turning them. The turbine blades are connected to a magnetic shaft going in to 
the generator. When the blades turn the shaft (the rotor), the rotation induced a 
voltage onto coils within the generator creating electricity.  
 

 
Figure (40) Basic Power Generation Basic Process 

 
The rise in recent advancements in technology as shown that the generation 
power can be achieved in a variety of ways such as utilizing, sunlight, wind, 
plants, nuclear, animal waste, chemicals, etc… However, for the purposes of this 
senior design project we will be utilizing a car battery, and an alternator. 
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Figure (41) Alternator - Permission to Reprint Requested from Actual Repair 

 
7.2.1 Alternator 
 
The Alternator is a device that use the concept of a Synchronous Generator. The 
synchronous generator is one in which a DC current is applied to the rotor 
winding producing a rotor magnetic field. The rotor is then turned by external 
means producing a rotating magnetic field, which induces a 3-phase voltage 
within the stator winding.  However an alternator, unlike a typically synchronous 
generator has no permanent magnets. Instead, there are two concentric wound 
coils of wire within the alternator, a stator coil which is the outside coil that does 
not rotate and a rotor coil which is the inside coil, attached to the alternator’s 
pulley, that rotates  and is known as the alternator’s “field.” 
 
An electromagnet is created when current flows through the field coil. The 
strength of the magnet is directly proportional to the amount of current flowing 
through the field. As the rotor moves clockwise, the magnetic field created 
sweeps clockwise through the outer coil of wire, and electricity is then generated 
in the stator coil. The field then sweeps back and forth through the stator coil, 
creating an alternating current. The alternating current has a frequency equal to 
the frequency with which the alternator’s pulley is rotating due to the fact that is 
magnetically produced. The alternator field needs a catalyst in order to start, thus 
it is necessary to use a battery to initialize the process.  



83 
 

 

 
Figure (42) Basic Alternator Circuit 

 
The alternator used in building of this Go-Kart with by use similar to a generator; 
such as uses includes: running on board electronics and recharging battery. 
For the purposes of this project we will be using the “NIPPONDENSO equipped” 
alternator, manufactured by Valucraft which was used in most Chrysler vehicles 
from 1900-1995. The reason we choose this particular alternator use because 
the price is reasonable and it can be sourced easily online or at any local 
AutoZone. 
 

Alternator Specifications 

Part Number 5504-4 

Weight 14.5 lbs 

Alternator Diameter 137mm (5 3/8") 

Alternator Fan Internal 

Alternator Output Amperage (A) 120A 
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Alternator Regulation External 

Alternator Rotation Clockwise 

Pulley Type / Grooves 4 Groove S 

Pulleys Included 1 

Vehicle System Voltage 12v 

Table (16) Alternator Specifications 

7.2.2 Batteries 
 
According to the U.S Department of Energy, “Batteries are devices that convert 
stored chemical energy into useful electrical energy. A battery may be thought of 
as a clever variant of a standard exothermic chemical reactor that yields 
chemical products with lower energy content than the chemical reactants.” The 
chemical reaction that takes place within a battery requires a catalyst and/or 
elevated temperature in order for the reactants to be spontaneously brought into 
physical contact with each other. Advancements in technology over the past 
century has explored viable ways in which batteries can be produced however, 
based on usage, a batteries is usually classified in two main categories: Primary 
cell and Secondary cell. The primary cell refers smaller batteries which used to 
generate direct power for a device for example AA, AAA, 9V batteries. Due to the 
facts that chemical reaction eventually destroys one the metal plates of a battery 
over time these class of batteries are usually none chargeable. In Secondary Cell 
on the other hand, the metal plates and acid mixture change as the battery 
supplies voltage. Examples of such batteries are car batteries in which the 
current can be applied to the battery in a reverse direction, hence recharging the 
battery.  
 
The technology for creating batteries has evolved finding new and more efficient 
ways of producing batteries. These advancements in battery cell technology 
have yield a multitude ways that batteries are made, utilizing a variety of different 
materials. Instead of the traditional lead acid and alkaline batteries, we see 
batteries cells such as: Aluminum–air battery, Aluminum-ion battery, Atomic 
battery (such as Betavoltaics, Optoelectric nuclear battery, Nuclear micro-
battery), Bunsen cell, Chromic acid cell, Dry cell, Galvanic cell, Lithium battery, 
Lithium air battery, Zinc–air battery, Zinc–carbon battery, Zinc chloride battery, 
Mercury battery, along with many other batteries cells not list. 
 
Most new cars will contain a sealed car battery instead of non-sealed ones. This 
is one of many types of car batteries, as certain batteries will suit specific cars 
and circumstances. Sealed batteries are preferable as you do not have to worry 
about the acid spilling or mixing if you should turn over the battery when moving 
or changing out. A sealed car battery basically means that the battery cells are 
sealed, not the entire top. These batteries are meant to be maintenance free. If 



85 
 

you need to charge it, you simply remove the battery from the car, clean the 
terminal posts and hook it up to a charger. Attach the red lead to the positive 
terminal and the black lead to the negative terminal. When it comes to car battery 
performance, there is not a huge difference between sealed batteries and a wet 
cell serviceable battery. If you like to maintain your batteries and check their 
levels, then a non-sealed battery will be a better choice. However, if you wish 
your vehicle to be as maintenance free as possible, then go with a sealed 
battery. In general, a sealed battery will have a longer life span, but the 
difference is not tremendous. 
 
The typical non-sealed lead acid automobile battery will be used the purposes of 
this senior design project. The reason for this choice is due to the fact that non-
sealed lead acid batteries are relatively in expensive and can be easily sourced 
as they are use in a large number automobiles on the roads today. In an 
automotive lead acid battery the diluted sulfuric acid electrolyte, and positive and 
negative electrodes are aligned to form a structure of several plates. The plates 
made of lead material hence the name lead acid battery. The lead acid 
automotive battery is separated into several cells – usually six – with each cell 
there are several battery element, which are part or fully submerged in an 
electrolyte solution.  
 
7.3 Electronics 
 
In this section of our document we will be describing our expectations for the final 
product of each of the individual electronic components in the project. A detailed 
description of each one of the components will be provided, along with its impact 
on the project as whole; if possible, we will provide a digital render of the finalized 
product. 
 
7.3.1 LED Lights 
 
The LED lights are one of the most significant components in this project. The 
visual sense is one of the most important senses for human beings, due to the 
fact it is the first way in which we interact with our immediate surroundings. For 
this reason, it is imperative for this group to put forth effort into assembling a very 
efficient set of LEDs. 
 
The following figure shows the arrangement in which the lights come and how 
they would be wired to a microcontroller board, in our case, we will be using the 
ATMega 328 processor that comes from the Arduino board. Although we will 
design our own Printed Circuit Board, we will be testing the set of lights with the 
Arduino board prior to the final assembly in order to ensure they work correctly 
and function as we hope to design them. The following figure shows the 
arrangement in which this product comes, as well as how we would hope to wire 
it to an Arduino board for testing purposes. 
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Figure (43) NeoPixel LEDs wired to an Arduino - reprinted with permission of Adafruit 

 
Ultimately, the LED lights will be mounted across the frame of the cage on the 
inside of the metal tubes pointing at the driver. They will be protected by an 
opaque casing, most likely white, whose purpose is to help spread the light 
above the driver more evenly over the area they will be sitting. When the set of 
lights is in function, it should resemble the ambient light that is obtained when 
LEDs are added to the interior of a car, refer to the following figure for an 
example. The only difference in this case is the location of our lights since they 
will be directly above the driver instead of beneath them by their feet; we were 
not able to obtain a sample image for this since it has not been done before. 
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Figure (44) interior lighting example – Reprinted with permission from Heat Your Seat 

 
When functioning correctly, the LEDs will be powered by the integrated circuit 
(IC) that we will design and the module to which they are attached will also be 
connected to the Pulse Monitor. While the system is on and running, the lights 
should always be on at varying colors; these colors depend on the heart rate of 
the user of the vehicle at the moment, but could vary from blue to red; while blue 
would represent low heart rate and red a very elevated one, and all other colors 
in between the rates at separate stages of the persons ride. 
 
The NeoPixel is a very simple component to work with and assemble, especially 
since it comes with its controller already embedded into each one of the LED 
pixels. Since we plan on keeping one pattern and uniform color, we will most 
likely set all of the pixels in series, and since up to one meter of pixels can be 
powered by the same source we do not have to worry about changing our source 
of power. The assembled component will be the set of lights assembled in series, 
connected to the microcontroller, and sharing the same power source as the 
Printed Circuit Board. 
 
After assembling this component into our project, we hope to gain a great 
amount of satisfaction if it works as designed. This is the most visual aspect of 
the process and it is what we hope will set the ambiance for the rider of the 
vehicle, hopefully enhancing their experience and stimulating their body to 
release more adrenaline than they regularly would without this type of addition 
onto the product they are using. 
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7.3.2 Speaker 
 
An audio speaker is another name for an “Electroacoustic Transducer.” This is a 
device that converts an electrical audio signal into a particular amplified 
frequency range that can be heard by human and animal ears alike. The first 
patented electronic speaker was in the year 1876 by Alexander Graham Bell as a 
part of his revolutionary invention, called the telephone. This speaker had the 
capacity of producing intelligible speech, but a much improved version would be 
developed the following year by Ernst Siemens. However, the standard dynamic 
loudspeaker that are most commonly used in audio device such as radios was 
developed in the 1920’s by Edward W. Kellogg and Chester W. Rice.  
 
The audio speakers today uses magnetic field to move a voice coil magnetic that 
is connected to a thin acoustic diaphragm known as a speaker cone. Sound is 
generated when an alternating electrical audio signal is inputted though the voice 
coil – which is a coil wire suspended in a circular gap between the poles of 
a permanent magnet. The coil is then forced to move rapidly back and forth due 
to effects of Faraday's law of induction, which causes a diaphragm attached to 
the coil to move back and forth, pushing on the air creating sound waves.  
 

 
Figure (45) Components that comprises an Audio Speaker –Reprinted with Permission from Dr. K. 

Forinash 

 
There are four main categories of the modern day dynamic speakers. Each of 
these categories have their own frequency range and produce a distinct sound 
qualify from the other. These four categories of speakers are namely: tweeters, 
mid-range, woofers and subwoofers. 
 
Tweeters – Tweeters are speakers that produces a higher end frequency range 
than each of the other categories. Tweeters produce high frequency ranging from 
2 kHz to 20 kHz, causing the sound produced to be very high pitch.  
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Mid-Range – Mid-Range speakers produce sound that when heard sounds more 
naturally to the human voice and most instruments. Mid-Range speakers 
produce a frequency range from 300 Hz to 5 kHz and are usually considered to 
produce the best sound clarity to the human ear. 
 
Woofer – Woofers are on the lower end of the frequency, hence reason these are 
bass speakers that produce a frequency range from 40 Hz to 1 kHz. 
 
Subwoofer – Subwoofers are speakers that produces the lowest frequency range 
of all the other categories. The range for subwoofers are from 20 Hz – 200 Hz. 
Due to their very low frequency, subwoofers produces sounds that are 
unidirectional to the human ear; this mean that it  can be heard from any point in 
a room with the same sound quality because only recognizes frequencies down 
to 20 Hz. 
 
The “Pyle PLMRKT2A 2-Channel Waterproof MP3/iPod Amplified 6.5-Inch 
Marine Speaker System” as stated before system was suitable for our project 
because it will produce enough sound to overcome the noise from the Go-Kart 
engine. Compared to other speakers this product was chosen due to its pricing, 
specifications and its design. The product is compact and is waterproof which 
would work very well for a Go-Kart. Below is an actual picture of the complete 
Pyle PLMRKT2A speaker systems with all its components.  
 

 
Figure (46) Pyle PLMRKT2A Marine Speaker System – permission to Reprint Requested from Pyle 
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7.3.3 Display 
 
The display is an intricate part of the overall projects success. There will be 
multiple items displayed from the display that will be coming from separate 
components. It is the displays function to allow the driver to see the information 
provided accurately and quickly. Of all the electrical components the display will 
be showing the driver’s heart rate, the speed of the Go-Kart, the music selection 
and what the song is being played at the moment. We hope that our prototype is 
able to display all of these without any problems. The display will be mounted to 
the center of the steering wheel so that the driver can still pay attention to the 
road and occasionally look at the screen safely. For the prototype we will connect 
the display to the steering wheel by a pair of zip ties so that if any modifications 
need to be made we can easily remove it. 
 
Our prototype display will be purchased from “Adafruit” and will be a LCD display 
with a 3.5” screen that has a resolution of 320x480 and will also be touchscreen 
and able to show color. The display will be working in conjunction of the 
microcontroller to determine what and where the information will be displayed. A 
lot of what the display will be able to do will depend on what kind of programming 
we do with the microcontroller. Since the display’s main function is to provide a 
visual aid it does not have the function to compute incoming information in the 
way that we would like for our prototype. For this reason the display will be 
receiving information from the microcontroller that has already been compiled 
into something that the LCD display can use. For our prototype we would like to 
see the speed displayed at the top right of the LCD display. The music selection 
would ideally be shown in the center of the LCD display since that will have the 
most options so it should have the most room. Lastly we would like to have the 
heart rate of the driver being shown at the top left of the LCD display. With the 
location of the three of these components we believe it will be visually pleasing to 
the driver thus created an enjoyable environment for him/her. The driver will not 
be able to manually alter the speed and heart rate once shown of the LCD 
display. They will only be able to alter the music selection.  
 
The LCD display manufactured by Himax Technologies Inc. will be converted to 
adapt to our personally printed circuit board. For the prototype we would like to 
power the LCD display by using the logic power supply. This means to connect it 
directly to the logic board so that the logic board can power it directly. We would 
like to use this option due to the fact that it will make the overall design much 
easier to create. By doing this we also increase the voltage to a range of 1.65V to 
3.3V. 
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Figure (47) LCD Display – Reprinted with permission of Adafruit 

 
7.3.4. Pulse Sensor 
 
Pulse sensor is one of the major component of our project. LED lights will change 
ambience of the Go-Kart depending on the pulse sensor data. So to have 
correctly installed pulse monitor is important part of the project.   Data of the 
heart rate, taken from a driver with pulse sensor will be distributed to LED lights 
strip control, and ambience of the Go-Kart will change with heart rate change. 
Below is the picture of the pulse sensor we have chosen. 
 



92 
 

 
Figure (48) – Pulse Sensor kit 

 
Kit of the pulse sensor included: Pulse Sensor Board, 24-inch Color-Coded 
Cable with Standard Male Headers, Ear Clip for Earlobe Heart Rate 
Measurement, Velcro Finger Strap and Transparent Stickers to Protect Sensor. 
 
The installation of the pulse sensor will be done at the driving wheel where the 
sensor itself will be mounted in that way that a driver will be able to have his 
finger of the left hand on the pulse sensor and hold the wheel at the same time.  
 
The arrangement of electronics in which pulse sensor will be implemented 
displayed at the picture below, but with different parts since board will be built by 
us.  It shown the wired connection to a microcontroller board and protective 
plastic cup for the sensor. In our project microcontroller board, as mentioned 
earlier, will be built by our group, but the prototyping and design testing prior to 
final project implementation will be done using Arduino board with ATMega 328 
processor. Same processor will be used at the final stage of the project in a 
board build by us. 
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Figure (49) Electonics of the Pulse Sensor 
 
The picture below shows approximate view of pulse sensor at the final project, 
where it would be located in close distance from driver wheel and covered with 
special protective plastic cover, so the pulse sensor itself would have less 
interference with environment and would be easier to have it under control in the 
finger position. 
 

 

 
Figure (50) Use of Pulse Sensor –Permission to Reprint Requested from tindle.com 
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Overall, since there is no visual role of the pulse sensor, its implementation 
should be concerned more about comfort to a driver. To have pulse sensor 
measuring his/her heart rate while driving might be challenging if pulse sensor is 
fixed to the driving wheel, since all people have different hand size and driving 
habits. We have decided to have flexible mount of the device, where the wires of 
the pulse sensor will be fixed to the driving wheel having of 1.5 inch spare length 
before sensor itself. It will help with mobility of the hand to grab a wheel. Also 
plastic cover have purpose to limit interference of a noise from the environment 
and ability to have pulse monitor on the finger of a driver while driving. 
 
7.3.5 Speedometer 
 
Speedometers are the instruments of the measuring how fast a vehicle is moving 
by applied the centuries old concept of calculating distance travel over a period 
time. The invention of the speedometer brought about the laws that upheld 
enforcement of a sensible speed limit on roadways, resulting in speedometers 
being a standard in all motor vehicle produced in the world today.  
 
The concept of tracking speed is almost as old as the concept of vehicles dating 
back to and quite possible predating, the time of the Romans who used marking 
of the wheels of chariots with counting revolutions to determine distance traveled 
and average daily speed. In the early 1500's the "Chip Log" was invented that 
track the speed of water crafts such as ship by the Nautical speed data called 
"knots". The chip log required a line knotted at regular intervals and weighted to 
be dragged in the water, and the number of knots that was let out over a set 
amount of time would determine the speed of the craft. 
 
Modern Speedometers in today’s vehicles are of two varieties, which are the 
“Mechanical Speedometers” and the “Electronic speedometers.” Mechanical 
speedometers work when the driveshaft that turns the vehicle wheels, the 
speedometer is connected to the driveshaft by a long, flexible cable made of 
twisted wires. At the top end, the cable feeds into the back of the speedometer. 
When one end of the cable rotates, so does the other and as it rotates, it turns a 
magnet inside the speedometer case at the same speed. The magnet rotates 
inside a hollow metal cup, known as the speed cup, which is also free to rotate, 
though restrained by a fine coil of wire known as a hairspring. However, the 
magnet and the speed cup are not connected together, they're separated by air. 
The speed cup is attached to the pointer that moves up and down the 
speedometer dial. It is important to note that this mechanism all works because 
the eddy currents make the speed cup rotate counter-clockwise as well in an 
attempt to catch up with the magnet while, The hair spring tightens, restraining 
the speed cup so it can turn only a little way. As the speed cup turns, it turns the 
pointer up the dial, indicating the car's speed.  
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Figure (51) Mechanical Speedometer Diagram – Permission to Reprint Requested from Unique Cars 

and Parts 

 
The electronic speedometers where developed to solve certain disadvantages 
with the mechanical speedometers. The electronic speedometers are more 
reliable than mechanical speedometers for various reasons which includes 
issues such as mechanical parts being worn out over time yielding inaccurate 
readings or just fail completely. Also in the case of a broken cable, the entire 
equipment would be rendered completely useless, usually requiring a 
replacement or the services of a mechanic to perform the necessary repair to 
restore functionality. Mechanical speedometers are also not ideal on vehicles 
such as bicycles as there are not enough room for to be mounted. Also, long 
speedometer cable used in the mechanical speedometers poses a long standing 
problem on large commercial vehicles such as trucks and buses. Another, less 
thought of but equal as important drawback of mechanical speedometers was the 
issue of visibility while drive on local roadways and freeways.  
 
The Electronic speedometers fixes the majority of these issues just by the way it 
is made. Electronic speedometers work in a completely different way. Small 
magnets attached to the car's rotating drive shaft sweep past tiny magnetic 
sensors this is done utilizing either “Reed Switches” or “Hall-effect sensors” 
positioned nearby. Each time the magnets pass the sensors, they generate a 
brief pulse of electric current. An electronic circuit counts how quickly the pulses 
arrive and converts this into a speed, displayed electronically on an LCD display. 
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Since the circuit is measuring the number of wheel rotations, it can also keep a 
count of how far you've traveled, doubling-up as an odometer, also measuring 
distance travelled. Electronic speedometers are more commonly used in new 
vehicles than mechanical ones because of their reliability, size, and the fact that 
motion sensors can be any distance from the display that shows you your speed, 
making them suitable for any kind of vehicle from bicycles to trucks.  
 
For the purpose of this senior design project we will be utilizing the electronic 
speedometer over its mechanical counterpart because of the advantages 
explained above.  
 
8. Project Testing 
 
In this section of this document we will be explaining, in great detail, how we plan 
on testing each one of the components of the Heart Racer Go-Kart, from the 
frame and engine, to each one of the electronic components; not only as 
individual pieces, but as a whole as well. We will develop testing protocols that 
will allow us to determine the efficiency of each one of the parts of this project, 
and ultimately the efficiency of the machine as a whole. Ultimately, we hope to 
develop a product that has several separate components that work well and 
collaborate with each other in order to meet the goal we have designed this 
prototype to achieve.  
 
 
8.1 Prototype Testing 
 
Prototype testing is another important task that must be completed to make sure 
the project will be successful. Testing will determine if there will be changes 
needed for individual components or to determine what is functioning properly 
and what is not. For our prototype testing we understand that there will be a high 
possibility that changes will need to be made to improve our project. Our 
prototype will be a preliminary model so changes are expected. The tests will be 
conducted in a sequential order to make sure that nothing is missed for the 
finished product. This initial prototype will have all of the components where they 
are supposed to be in the Go-Kart. The electronics, software and power 
components will all be working together.  
 
The initial prototype will go through numerous amounts of tests to make sure 
everything is working together as one. Each test will help us reach our goal for 
the overall project. Before we do the testing of the overall prototype, each 
individual part will go through its own types of tests. All the electronics such as 
the display, speakers, LED lights, pulse sensor, and speedometer will be 
individually tested to make sure that each item is fully functional on their own. All 
the software for each item will be run to make sure that all the coding is fully 
functional with no chance for errors. The power will also be individually tested to 
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make sure that all the on board electronics will be sufficiently powered. These 
individual tests will go into more detail in the sections below.  
 
The prototype testing is probably the most important test of all due to the fact that 
it will determine whether or not the project is fully functional or not. The very first 
thing that will be done is to check and make sure that everything will turn on. We 
will first test to see if the engine itself will turn on. Once the engine is turned on 
we will proceed to all the electrical components. The first electrical component 
that will be turned on is the display. The display was chosen to turn on first, due 
to the fact that it will be showing information from the speedometer, pulse senor 
and the music selection. We want to make sure that when these components are 
being turned on they will appear on the display screen. The next component we 
will turn on the speedometer. This is chosen as the second item to be turned on 
due to the fact of where it is positioned. After the speedometer has been turned 
on the pulse sensor will be turned on. The pulse sensor is third on the list 
because it is the last component that will be mounted on the steering wheel. It 
however is probably the most important component so making sure that it is 
turning on is vital for the project. Finally we will turn on the speakers. The 
speakers will be the final electrical component to be turned on due to the fact that 
there will be no information on the display from the speakers, unlike the 
speedometer and pulse sensor. Once all the components of the prototype are 
receiving power and turned on that will be there end of the first test.  
 
The second test will be to see if the display is receiving all the information it 
needs to display for the driver. Once all the electronic components are turned on, 
the speed, heart rate and music should all be showing up on the screen. Even if 
the Go-Kart is at a stopped position the display should show that it is at 0 mph 
and heart rate should appear as 0 bpm if no one is connected to it. Once this test 
is completed we will know whether or not the microcontroller is integrating the 
display, speedometer, pulse senor, and music properly. This test is also 
important for the project due to the fact that the driver will be interacting with the 
display and we want him/her to be able to see and use all the functions for it.  
 
The third test will be to see if all the separate components of the project will be 
capable of working in unison. For this test all of the equipment will be turned on 
ready to use. For this test to be successful we want to see the speedometer 
fluctuate on the display according to the speed of the Go-Kart. We also want to 
see a changing heart rate appear on the display depending on the driver. 
Another item will be that the music will be played from the speakers when the 
specific genre is chosen from the display. Also as the heart rate fluctuates we 
want to see a change in the LED lights. The lights should be changing colors 
depending on the information received by the pulse sensor. 
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8.2. Component Testing 
 
During the process of testing the functionality of this project it is of great 
relevance to assess the functionality of each one of the components. In this 
section, component testing, we will describe the methods for testing each one of 
the components that make part of the Heart Racer Go-Kart and determine the 
benchmarks for passing each one of the challenges the parts will be submitted 
to. We will determine through the different evaluations and experiments on our 
components how well we have built and designed them. If at any time, and this is 
expected to occur eventually, any of our components fails to pass one of its tests, 
its design will be reevaluated as well as the method followed to put it together. 
We have decided to make the commitment to build an effective and reliable 
product as well as our abilities permit us within the time that we have been given 
to complete the project. For this reason, we will adjust and reevaluate our design 
as many times as possible until we have components that are capable of passing 
all of the tests that we have designed consistently. 
 
8.2.1. LED lights 
 
The LED light system that will be attached to this vehicle is subject to many 
stages of testing. The many stages will be designed to assess its functionality 
and efficiency from the moment we acquire the product and start playing with it, 
until the moment we have finished programming it and assembling it onto our 
vehicle. The purpose of creating and designing multiple stages of testing for this 
product is to be able to ensure that it works correctly every time we start a new 
task on it, as well as help the group as a whole acquire a more elaborate level of 
knowledge on the product and how it works as an electronic component. 
Consequently, the members of this group should have earned enough 
knowledge on this component to be able to apply it and utilize it on projects of 
different natures as well as completely different applications of such product for 
other purposes. 
 
The very first test that we will run on this component will be upon receiving the 
product from the seller. A set questions should be asked upon inspection of the 
set of LEDs, and unless all of them have been answered with a satisfactory 
response, the failure of this section will result in the group having to return the 
product to the seller for a replacement. Refer to the following table for first test 
questions and passing decision. 
 
 

Question Yes No 

Does the product look damaged?   

Are all components in the box?   
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Is the product severed at any of its connection points?    

Passed?   

Table (17) Stage 1 Test for LEDs 

 
Upon completion of the first test, we will be able to jump onto a second stage of 
testing for this product. In this stage, we will test basic functionality in order to 
ensure the product is manufactured up to the standards the seller claims. In this 
test we will run basic codes from the Arduino board and will power the strip to 
make sure it turns on and all of its colors work. Refer to the following table for the 
plan for this stage of the process. 
 

Question Yes No 

Is the voltage constant across the strip?   

Does the strip turn on?   

Does the Red color work?   

Does the Green color work?   

Does the Blue color work?   

Do combinations of one or more colors work?   

Can we get the strip to change colors under a clock?   

Passed?   

Table (18) Stage 2 test for LED Strip 

 
A passing grade on the former stage will allow us to move on to another stage in 
which our testing methods will become more detailed and specific towards our 
project. With the beginning of this stage, any test performed on this product will 
be performed with the sole purpose of achieving the main goal of the project. 
This is the stage that marks the beginning of the software design for the Heart 
Racer Go-Kart and its effects on the separate components it is meant to work 
with. The following table shows a detailed rubric of the questions we will ask 
ourselves and what the standards for passing are. 
 

Question Yes No 

Is the voltage constant across the strip?   

Does the strip turn on?   

Does the board communicate properly with the Strip?   
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Does the Strip change colors with the clock?   

Does the strip change to the correct colors when indicated?   

Does the strip offer consistent colors?   

Does the strip offer consistent brightness?   

Can the strip stay on, and work properly, for longer than 20 min?   

To pass, the answer to all must be “yes”. Passed?   

Table (19) Stage 3 Test for LED strip 

 
The last stage of testing for the LED strip will occur twice, and the same set of 
steps will be followed every time this occurs. The first time we will follow the 
procedure will happen with the LED strip and the Printed Circuit Board designed 
by the group connected directly with each other, as well as the Pulse Monitor, but 
not yet mounted onto the Go-Kart; the purpose of following this method will allow 
us to correct any imperfections and mistakes before assembling the product onto 
the vehicle. The second time we test the completed product will occur with the 
finalized prototype, assembled onto the Go-Kart and fully wired to the Integrated 
Circuit we will design, which will also include the Pulse Monitor, during this stage, 
testing will occur by creating a real life setting: the Go-Kart will be driven by 
different individuals and the reaction of the LED’s to the different heart rates and 
their behaviors will determine whether or not the product has successfully passed 
the test. Refer to the following tables for the fourth stage of testing and the two 
instances in which it will occur. 
 

Question Yes No 

Is the voltage constant across the strip?   

Does the strip turn on?   

Does the board communicate properly with the Strip?   

Does the Strip change colors with the clock?   

Does the strip change to the correct colors when heart rate indicates?   

Does the strip offer consistent colors?   

Does the strip offer consistent brightness?   
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If answers to all previous questions are yes, then move on to next 
question. 

  

To pass, device must perform successfully with changing heart rates 
9/10 times in a run. 

  

To pass, device must perform successfully with changing heart rates 
9/10 times with different users. 

  

Table (20) Stage 4 LED strip testing – not mounted on Go-Kart 

 

Question Yes No 

Is the voltage constant across the strip?   

Does the strip turn on?   

Does the board communicate properly with the Strip?   

Does the Strip change colors with the clock?   

Does the strip change to the correct colors when heart rate 
indicates? 

  

Does the strip offer consistent colors?   

Does the strip offer consistent brightness?   

If answers to all previous questions are yes, then move on to next 
question. 

  

To pass, device must perform successfully with changing heart rates 
9/10 times in a run. 

  

To pass, device must perform successfully with changing heart rates 
9/10 times with different users. 

  

Table (21) Stage 4 LED strip testing – mounted on Go-Kart 
 

The previous tests and procedures have been designed to be followed in 
sequential order, we believe if we follow the timeline and consistently test the 
product as we build it, there should not be major altercations on the road and we 
should be able to complete a working product within the time allotted to complete 
the Senior Design project at the University of Central Florida. By ultimately 
conceding passing grades to the LED strip on the Heart Racer Go-Kart on all four 
stages of testing we assume we have produced a successful product that will 
work properly when used by any individual under any given conditions.  
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8.2.2 Speakers 
 
When designing audio devices such as speakers an engineering has to take into 
consideration a variety of factor in order to get the desired results. It is quite 
difficult to compared audio signal processing products objective as there are too 
many parameters used to obtain the data found in there reference such as data 
sheets which are often times missing. All audio specifications comes with 
conditions; these conditions refers to the rigorous procedure that the product 
endures during the testing phase to meet the  expectations of the design, and 
must be stated along with the testing results. 
 
In order fully comprehend the capabilities of an audio device, one must first 
understand the conditions and parameters under which said device was design 
and tested. The classic audio test is the general basis on with most audio device 
are tested. The classic audio test involves checking the product to eliminate or 
correct “Audio Distortions.” Audio Distortions as its name suggests, measures 
unwanted audio output signals. Distortion is the name given to anything that 
alters a pure input signal in any way other than changing its magnitude. The most 
common forms of distortion are unwanted components or artifacts added to the 
original signal, including random and humming related noise. A spectral analysis 
of the output shows these unwanted components. The staple of a perfect audio 
device is one in which the spectrum of the output shows only the original signal 
and nothing else; hence, no added components, no added noise – nothing but 
the original signal. The following tests are designed to measure different forms of 
audio distortions: 
 
The “Total Harmonic Distortion Test” checks for the nonlinearity that causes 
unwanted signals to be added to the input signal that are harmonically related to 
it. The spectrum of the output shows added frequency components at two, three, 
four, five times, of the original signal etc…; but no components at for example, 
2.6 times the original or any fractional multiplier, only whole number multipliers. 
 
The THD test is basically done by exciting the device with a single high purity 
sine wave and then checking the output for evidence of any frequencies other 
than the one applied. When examining the output by the use of a spectrum 
analyzer is employed to obtain the level of each harmonic and performing an rms 
summation. The level is then divided by the fundamental level, and cited as the 
total harmonic distortion, this is usually expressed in percentages. Due to this 
process the Total Harmonic Distortion (THD) is then defined as the ratio of 
the rms voltage of the harmonics to that of the fundamental component. 
 
The manufacturer is required to cite the measurements of harmonic amplitudes 
and must state the test signal frequency, its level, and the gain conditions set on 
the tested unit, as well as the number of harmonics measured. It is important to 
note for example, THD of a 10 kHz signal at a +20 dBu level using maximum 
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gain, is apt to differ from the THD of a 1 kHz signal at a -10 dBV level and unity 
gain. 
 
THD+N is the rms summation of all signal components with the exception of the 
fundamental, over a particular prescribed bandwidth. The Total Harmonic 
Distortion + Noise Test is quite similar to the THD test review above in that it 
checks for the nonlinearity that causes unwanted signals to be added to the input 
signal that are harmonically related to it, but instead of just measuring individual 
harmonics this tests measures everything added to the input signal. This test 
examines everything thing that comes out of the audio device, for example: 
harmonics, hum, noise, RFI, buzz and so on. 
 
The THD+N test requires the use of distortion analyzers make this measurement 
by using a deep and narrow notch filter removing the fundamental and measuring 
the remaining signal using a bandwidth filter, typically 22 kHz, 30 kHz or 80 kHz. 
The remaining signal contains harmonics as well as random noise and other 
distortions. The THD + N requires the same conditions as the THD test such as, 
the same frequency along which the same level and gain setting. However, in 
this test it is the residual noise bandwidth that is specified, along with whatever 
weighting filter was used. The preferred value is a 20 kHz or 22 kHz 
measurement bandwidth, and "flat," that is, no weighting filter. This is done 
instead of stating the number of harmonics measured.  it is important to note that 
using an 80 kHz bandwidth is crucial, not because of 20 kHz harmonics, but 
because it reveals other distortions that can indicate high frequency problems. 
 
Intermodulation Distortion is an audio measurement designed to quantify the 
distortion products produced by nonlinearities in the unit under test that causes 
complex waves to produce beat frequencies, that is, sum and difference products 
not harmonically related to the fundamentals. For example, two frequencies, f1 
and f2 produce new frequencies f3 = f1 - f2; f4 = f1 + f2; f5 = f1 - 2f1; f6 = f1 + 
2f2, and so on.  
 
This is a more meaningful test than THD, intermodulation distortion gives a 
measure of distortion products not harmonically related to the pure signal. This is 
important since these artifacts make music sound harsh and unpleasant. The 
IMD test is done by  test signal is a low frequency (60 Hz) and a non-
harmonically related high frequency (7 kHz) tone, summed together in a 4:1 
amplitude ratio. This signal is applied to the unit, and the output signal is 
examined for modulation of the upper frequency by the low frequency tone. 
 
The Intermodulation Distortion ITU-R Method, tests for non-
harmonic nonlinearities, using two equal amplitude, closely spaced, high 
frequency tones, and looking for beat frequencies between them.  
 
The ITU-R method uses a test signal of a common pair of equal amplitude tones 
spaced 1 kHz apart. Nonlinearity in the unit causes intermodulation products 
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between the two signals. These are found by subtracting the two tones to find the 
first location at 1 kHz, then subtracting the second tone from twice the first tone, 
and then turning around and subtracting the first tone from twice the second, and 
so on. Usually only the first two or three components are measured, but for the 
oft-seen case of 19 kHz and 20 kHz, only the 1 kHz component is measured. It is 
also important to note that there are many variations exist for this test. Therefore, 
the manufacturer needs to clearly spell out the two frequencies used, and 
their level. The ratio is understood to be 1:1. 
 
The Signal – To – Noise Ratio is use to indicate the noisiness of an audio device. 
The SNR is calculated by measuring a unit's output noise, with no signal present, 
and all controls set to a prescribed manner. The result is then used to find a ratio 
between it and a fixed output reference signal, with the answer expressed in 
decibels (dB). In the SNR there is no input signal, instead the input is closed or 
intermitted. The usual practice is to leave the unit connected to the signal 
generator with its low output impedance and set it to zero volts. The magnitude of 
the output noise is measured using an rms-detecting voltmeter. Noise voltage is 
a function of bandwidth thus, wider the bandwidth, the greater the noise.  
 
Equivalent input noise, or input referred noise, is how noise is specified on mixing 
consoles, standalone mic preamps and other signal processing units with mic 
inputs. EIN test is one with the gain set for maximum and the input terminated 
with the expected source impedance, the output noise is measured with an rms 
voltmeter fitted with a bandwidth or weighting filter.  
 
The Bandwidth or Frequency Response test is the one in which the unit's 
bandwidth or the range of frequencies it passes. All frequencies above and below 
a unit's Frequency Response are attenuated, sometimes severely. This is 
measured by a 1 kHz high, pure and precise tone. The amplitude is applied to 
the unit and the output measured using a dB-calibrated rms voltmeter. This value 
is set as the 0 dB reference point. Next, the generator is swept upward in 
frequency (from the 1 kHz reference point) keeping the source amplitude 
precisely constant, until it is reduced in level by the amount specified. This point 
becomes the upper frequency limit. The test generator is then swept down in 
frequency from 1 kHz until the lower frequency limit is found by the same means.  
 
The Common-mode Rejection Ratio (CMRR) Test give a measure of a balanced 
input stage's ability to reject common-mode signals. Strictly speaking the 
common-mode signals is the average of the signals present at the two inputs of 
a differential amplifier, although it is more often meant to be the voltage level 
present at both inputs, as if they were tied together.  
 
In the CMRR test in which the device is adjusted for unity gain, or its gain is first 
determined and noted where each input I driven from one half the normal source 
impedance. The output of the balanced stage is measured using an rms 
voltmeter and noted. A ratio is calculated by dividing the generator input voltage 
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by the measured output voltage. This ratio is then multiplied by the gain of the 
unit, and the answer expressed in decibels (dB).  
 
The Dynamic Range is another way of stating the maximum SNR ratio. The 
Dynamic range refers to ratio of the loudest undistorted signal over the quietest 
discernible signal in a device as expressed in decibels (dB). In the Dynamic 
Range Test refers to taking a ratio of the maximum output voltage and the output 
noise floor.  
 
The Crosstalk or Channel Separation Test is one in which the Signals from one 
channel leaking into another channel. This happens between independent 
channels as well as between left and right stereo channels, or between all six 
channels of a 5.1 surround processor, for instance. A generator drives one 
channel and this channel's output value is noted; meanwhile the other channel is 
set for zero volts. Whatever signal is induced into the tested channel is measured 
at its output with an rms voltmeter and noted. A ratio is formed by dividing the 
unwanted signal by the above-noted output test value, and the answer expressed 
in decibels (dB). 
 
Impedance is a measure of the complex resistive and reactive attributes of a 
component in an alternating current (AC) circuit. Impedance is what restricts 
current flow in an AC electrical circuit; impedance is not relevant to DC circuits. In 
DC circuits, resistors limit current flow because of their resistance.  
 
Input impedance measures the load that the unit represents to the driving source, 
while output impedance measures the source impedance that drives the next 
unit. Rarely are these values actually measured. Usually they are determined by 
inspection and analysis of the final schematic and stated as a pure resistance in 
ohms. Input and output reactive elements are usually small enough to be 
ignored. 
 
The Maximum Input Level Test refers to the input stage is measured to establish 
the maximum signal level in dBu that causes clipping or specified level of 
distortion. the final product process, the design engineer uses an adjustable 1 
kHz input signal, an oscilloscope and a distortion analyzer. In the field, apply a 1 
kHz source, and while viewing the output, increase the input signal until visible 
clipping is observed. 
 
The Maximum Output Level Test measures the device’s output to establish the 
maximum signal possible before visible clipping or a specified level of distortion. 
The output is fixed with a standard load resistor and measured either balanced or 
unbalanced, using an oscilloscope and a distortion analyzer. A 1 kHz input signal 
is increased in amplitude until the output measures the specified amount of 
distortion, and that value is expressed in dBu. Next, the signal is swept through 
the entire audio range to check that this level does not change with frequency. 
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The Maximum Gain test is done by testing the ratio of the largest possible output 
signal as compared to a fixed input signal, expressed in dB, is called 
the Maximum Gain of a unit. This is done by measuring all level & gain controls 
set maximum, and for an input of 1 kHz at an average level that does not clip the 
output, the output of the unit is measured using an rms voltmeter. The output 
level is divided by the input level and the result expressed in dB. The results are 
assumed constant for all frequencies within the unit's bandwidth and for all levels 
of input, unless stated otherwise. 
 

 
Figure (52) Signal Processing Definitions & Typical Specs – Reprinted with Permission from Rane 

Audio Products 
 

Abbrev Name Units Required Conditions Preferred Values* 

THD+N 
Total Harmonic Distortion 
plus Noise 

% 

Frequency 
Level 
Gain Settings 
Noise Bandwidth or 
Weighting Filter 

20 Hz - 20 kHz 
+4 dBu 
Unity (Max for Mic Preamps) 
22 kHz BW 
(or ITU-R 468 Curve) 

IM or 
IMD 

Intermodulation Distortion 
(SMPTE method) 

% 

Type 
2 Frequencies 
Ratio 
Level 

SMPTE 
60 Hz/7 kHz 
4:1 
+4 dBu (60 Hz) 

IM or 
IMD 

Intermodulation Distortion 
(ITU-R method) 
(was CCIF, now changed to 
ITU-R) 

% 

Type 
2 Frequencies 
Ratio 
Level 

ITU-R (or Difference-Tone) 
13 kHz/14 kHz 
(or 19 kHz/20 kHz) 
1:1 +4 dBu 

S/N or 
SNR 

Signal-to-Noise Ratio dB 
Reference Level 
Noise Bandwidth or 
Weighting Filter 

re +4 dBu 
22 kHz BW 
(or ITU-R 468 Curve) 
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Gain Settings Unity (Max for Mic Preamps) 

EIN 
Equivalent Input Noise or 
Input Referred Noise 

-dBu 
Input Terminating Impedance 
Gain Noise Bandwidth or 
Weighting Filter 

150 ohms 
Maximum 22 kHz BW 
(Flat - No Weighting) 

BW Frequency Response Hz Level Change re 1 kHz +0/-0.5 dB (or +0/-3 dB) 

CMR or 
CMRR 

Common Mode Rejection or 
Common Mode Rejection 
Ratio 

dB 
Frequency (Assumed 
independent of level, unless 
noted otherwise.) 

1 kHz 

-- Dynamic Range dB 
Maximum Output Level 
Noise Bandwidth or 
Weighting Filter 

+26 dBu 
22 kHz BW 
(No Weighting Filter) 

-- 
Crosstalk (as –dB) 
or 
Channel Separation (as +dB) 

-dB 
or 

+dB 

Frequency 
Level 
What-to-What 

20 Hz - 20 kHz 
+4 dBu 
Chan.-to-Chan. & Left-to-
Right 

-- Input & Output Impedance ohms 

Balanced or Unbalanced 
Floating or Ground Referenced 
(Assumed frequency-
independent, with negligible 
reactance, unless specified.) 

Balanced 
No Preference 

-- Maximum Input Level dBu 
Balanced or Unbalanced 
THD at Maximum Input Level 

Balanced 1% 

-- Maximum Output Level dBu 

Balanced or Unbalanced 
Minimum Load Impedance 
THD at Maximum Output Level 
Bandwidth 
Optional: Maximum cable length 

Balanced 
2k ohms 
1% 
20 Hz - 20 kHz 
Cable Length & Type 
(or pF/meter) 

-- Maximum Gain dB 

Balanced or Unbalanced Output 
(Assumed constant over full BW 
& at all levels, unless otherwise 
noted.) 

Balanced 

Table (22) Common Signal Processing Specs with Required Conditions 

 
The speaker chosen for this project are the "Pyle PLMRKT2A 2-Channel 
Waterproof MP3/iPod Amplified 6.5-Inch Marine Speaker System." This particular 
system was choose because its specs list by the manufacturer which boast very 
high sound quality, along with its versatility of easily installation and its affordable 
pricing with our budget. 
 
Although the manufacture specification of the speaker systems looks good on 
paper we need to perform a product test in order to if it meets the desired needed 
for our project. Below are a series of testing question which will verify if the 
speaker systems works and meeting everything we are look for: 
 
 

Question Yes No 

Does the product look damaged?   

Are all components in the box?   
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Is the product severed at any of its connection points?    

Passed?   
Table (23) Stage 1 Test for Speakers System 

 
After completing this test stage we will be able to verify basic functionality and 
operation of the product. 
 

Question Yes No 

Does the product turn on?   

Is the Voltage constant across the speakers?   

Is the Voltage constant across the amplifier?   

Is the speaker power rating correct?   

Is the amplifier power rating correct?   

Is there any short in the connection wires?   

Is there any major distortions in the sound quality?   

Passed?   
Table (24) Stage 2 Test for Speaker System 

 
The completion of stage two with a passing grade allows for us determine if 
speaker system specs are as stated by manufacturer. 
 

Question Yes No 

Is the voltage constant across speakers?   

Is the voltage constant across amplifier?   

Are the speakers compatible with the board?   

Is the Amplifier compatible with the board?   

Can the speaker be mounted to the frame?   

Can the Amplifier be mounted to the frame?   

Are the speakers loud enough to be heard during driving?   

Can speakers operate for more than 20 minutes?   

Can Amplifier operate for more than 20 minutes?   

Passed (must score yes on all)?   
Table (25) Stage 3 Test for Speakers 

 
Passing these test will ensure that the “Pyle PLMRKT2A 2-Channel Waterproof 
MP3/iPod Amplified 6.5-Inch Marine Speaker System” is suit fit for our project. 
This final test, will judge how the system perform will the Go-Kart is completely 
assembled and they are mounted to the frame. 
 
8.2.3 Pulse Sensor 
 
Component testing of the pulse sensor hardware will be tested as part of overall 
project design along with functionality of the pulse sensor hardware part itself. 
Different testing strategies needed to find malfunction of the hardware, since 
such malfunctions might be due to different reasons such as damaged by 
misuse, damage by incorrect voltage source supply, environment use, or 
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something else. Therefore the purpose of the testing is to ensure that hardware 
part is working as it is supposed to every time it is required to perform its work. 
First tests should be followed not along from receiving the product from the 
merchandizer, to check arrival condition and overall requirements of the 
purchased product and arrived one. Here are the list of the questions might be 
use to inspect received pulse sensor piece. 
 

QUESTION YES NO 

Does the box damaged?     

Does the any of the components damaged?     

Does everything included in the box?     
Table (26) Hardware Testing 1 

 
If pulse sensor passes the first test, we can implement example codes onto 
Arduino board to check functionality of the strip. We will not able to check 
accuracy of the device since for that purpose more professional and reliable 
heart rate/pulse sensor is needed as second controlling device. Therefore at the 
second step of component testing only working conditions would be tested.  
Example codes could be found online from the same seller sparkfun.com. Such 
example codes usually include visual representation of the heart beat as a graph, 
where dynamic of the heart rate could be seen along with minimum and 
maximum values. These values must be compared to the values for the healthy 
person and real medical data of the heartbeat to check for any environmental or 
signal interference and pulse sensor device. Further correlation of the device 
might be necessary even despite the fact of using heart rate more for the 
entertainment purposes rather than medical, but the LED light software will 
depend on the data output of the pulse sensor. Here are the second step testing 
questions: 
 

QUESTION YES NO 

Does the pulse sensor powered on by voltage source?   

Does any reading occur before using pulse sensor?    

Does this reading differ more than interference error might be?   

Do the readings occur when pulse sensor is used?   

Do the reading match with expected values of bpm?   

Does the correlation needed for signal interference?   

Does the correlation needed to match expected values of bpm?   

Passed?   
Table (27) Hardware Testing 2 

 
After example code is tested and working conditions checked for the hardware 
device, prototyping of the software could be done to check needed functionality 
of the device.  Since pulse sensor is the input data source for the LED light strip 
hardware, implementing of the combinational tests should be considered as well. 
Here is the table for test questions of the project prototyping: 
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QUESTION YES NO 

Does the pulse sensor powered on by voltage source?   

Does any reading occur before using pulse sensor?    

Does this reading differ more than interference error might be?   

Do the readings occur when pulse sensor is used?   

Does the board communicate with the pulse sensor?   

Do the reading match with expected values of bpm?   

Does the correlation needed for signal interference?   

Does the correlation needed to match expected values of bpm?   

Does the pulse sensor data updated with the clock?   

Do the reading updates fast?   

Can pulse sensor be used for more than 1 hour?   

Are there any visible or non-visible damage after 1 hour testing?   

Passed?   
Table (28) Hardware Testing 3 

 
The final step is to test component as a whole design of the embedded system of 
the Heart Racer Go-Kart together with other components. This will allow us to 
see if the software design was implemented correctly, if there is enough power to 
power up all the devices, the communication of the different devices among each 
other and if there are any correlation should be done. 
 

QUESTION YES NO 

Does the pulse sensor powered on by voltage source?   

Does any reading occur before using pulse sensor?    

Does this reading differ more than interference error might be?   

Do the readings occur when pulse sensor is used?   

Does the board communicate with the pulse sensor?   

Does the readings displayed on the monitor?   

Do the reading match with expected values of bpm?   

Does the correlation needed for signal interference?   

Does the correlation needed to match expected values of bpm?   

Does the pulse sensor data updated with the clock?   

Do the reading updates fast?   

Does the LED light update follow?   

Does the LED light displays appropriate to bpm color?   

Is there consistency of the heart rate?   

Can pulse sensor be used for more than 1 hour?   

Are there any visible or non-visible damage after 1 hour testing?   

Passed?   
Table (29) Hardware Testing 4 

 
This test questions should be used before board will be mounted to the Go-Kart 
and after mounting the board to the Go-Kart. In the first case performance of 
overall design must be checked before final step and any of the errors must be 
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fixed. It is important testing step since if error will not be discovered and PCB 
board will be mounted along with pulse sensor hardware into the Go-Kart, it 
would be much more difficult to reprogram the board, since Go-Kart is not very 
“mobile” in terms of carrying it around. Also removing any mounted parts could 
destroy hardware parts and would be necessary to buy, replace them, that all 
process will be repeated from the beginning.  Second time this test should be 
done is when no errors are discovered and all hardware parts are successfully 
installed into Go-Kart. In this case usability of each device, comfort of the driver 
should be checked, along with environmental harshness on the hardware and 
normal tear and wear of the parts.  All of the above tests should pass the testing 
routine. Multiple steps of the testing encouraged performing since heart rate 
could vary; as many as possible of such rating should be tested. Passing rate of 
multiple testing should be 90% with the same driver and 90% with other drivers. 
 
8.2.4 Display 
 
LCD is the acronym for Liquid Crystal Display. The LCD is a common technology 
used computer monitors, smartphones, mp3 players and television today. The 
LCD technology like its counter parts the LED and gas-plasma technologies, 
makes it possible for screens to be much thinner, light weight, efficient and more 
cost effective than the much more retro Cathode ray tube displays or CRT. The 
LCD works by using either a passive matrix or an active matrix display grid also 
known as a thin film transistor or TFT display. The passive matrix LCD has a grid 
of conductors with pixels located at each intersection in the grid. A current is sent 
across two conductors on the grid to control the light for any pixel. This allows for 
the screen to be switched on and off more frequently, improving the screen 
refresh time. 
 
Over the past few years, LCD displays are becoming more reasonable price 
even for larger screens. This can be attributed to a rise in technology 
advancement in other screen technologies such as LED displays. Another 
reason for this is also because LCD materials are now more cheaply available 
and the manufactures has become that more efficient, as to less the time and 
cost to produce a LCD display. 
In order to achieve this level of productivity and efficiency companies have 
invested millions into research and testing to expedite the process. As far as the 
testing is concerned, there as two most common test that is performance on a 
finish LCD product. These test check to see exactly the performance capabilities 
of LCD displays. One of the most common ways to test a LCD display to verify 
performance, is the DisplayMate’s video diagnostics test. Developed by 
Princeton trained physicist and display technology expert Dr.  Ray Soneira, 
DisplayMate has a several test to check for multiple display related issues.  
 
The first of these test we will be looking at, is the Gray-Scale or Saturation test. 
This test checks the screen performance very thoroughly from both side of the 
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intensity spectrum to determine white-level saturation, low saturation colors and 
Extreme Gray-Scale with Bars.   
 
The bad pixel and light bleed test allows for testing to confirm if there are any 
stuck or dead pixels. This is accomplished by displaying a blank screen showing 
each of the primary colors as well as the black and white. Using the primary 
colors almost a full proof way of revealing any malfunctioning pixel that might be 
not otherwise be notice during regular operation. This test also checks for any 
“backlight-bleed” by way of noticing these issues via the black or gray screen. 
 
The Font test checks for the readability of the font to the user. This can be also 
referred to the Font Scaled test, as displays paragraph of text in various sizes on 
both the black and the gray backgrounds to determine how legible it is to the 
user. 
 
The subjective test is a real world beta test by a user, or multiple. This is usually 
done by using the screen to watch a Hi-Resolution Movie as well as playing 
video games in Hi-definition. Although highly opinionated and vary for user to 
user, this is this most important test in that the costumer ultimately has to be 
satisfied with the finish product. Other test are more of a protocol with in the 
design and testing phase but at the same time extremely important, tests such as 
energy consumption. 
 
As previously stated our prototype display will be purchased from “Adafruit” and 
will be a LCD display with a 3.5” screen that has a resolution of 320x480 and will 
also be touchscreen and able to show color. The display will be working in 
conjunction of the microcontroller to determine what and where the information 
will be displayed. A lot of what the display will be able to do will depend on what 
kind of programming we do with the microcontroller. However, although the 
manufacture specification of this product seems to be satisfactory with our 
project, it is quite necessary to perform a product test of our own in order to 
determine if the product meets the desired requirements for our project. Below 
are a series of testing question which will verify if the LCD display is satisfactory, 
it is important to note the to receive a pass, the product must receive a yes in all 
categories. 
 

Question Yes No 

Does the product look damaged?   

Are all components in the box?   

Is the product severed at any of its connection points?    

Passed?   
Table (30) Stage 1 Test for the LCD Display 

 
After completing this test stage we will be able to verify basic functionality and 
operation of the product. 
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Question Yes No 

Does the product turn on?   

Is the voltage constant across the Display?   

Is the LCD screen a color display?   

Is the LCD screen size correct?   

Is the LCD touch screen functionality satisfactory?   

Is the LCD screen visibility satisfactory?   

Passed?   
Table (31) Stage 2 Test for the LCD Display 

 
The completion of stage two with a passing grade allows for us determine if 
speaker system specs are as stated by manufacturer. 
 

Question Yes No 

Is the voltage constant across the Display?   

Is the LCD display compatible with the board?   

Is The LCD display fully function after being connected to the 
board? 

  

Can the LCD display be mounted to the frame?   

Is the display fully functional after being mounted to the Go-Kart?   

Is the display visible enough to be seen during driving?   

Can the display operate for more than 20 minutes?   

Passed (must score yes on all)?   
Table (32) Stage 3 Test for the LCD Display 

 
Passing these test will ensure that the LCD display is suitable fit for our project. 
This final test, will judge how the system perform with the Go-Kart is completely 
assembled. Parts of this test will take part before and after the speaker system is 
mounted to the Go- Kart frame. 
 
8.2.5 Engine Testing 
 
To make sure our project will be working come presentation time, we will need to 
test our engine. The engine should never be tested indoors but outdoors instead. 
There are extreme health concerns when an engine is being used indoors. One 
of the dangers of using this engine indoors is that carbon monoxide is produced 
from the engine exhaust. Carbon monoxide is a poison that can go unnoticed 
and is lethal in a matter of minutes. 
 
Before the engine is tested the first thing that needs to be done is make sure that 
the oil and fuel levels are both at a high level. If the oil and fuel levels are low you 
must add more. To do this be sure that the engine is turned off, nowhere near an 
open flame, and make sure that fuel cap is sealed properly when completed to 
avoid the danger of any fuel from leaking while driving. Once that check has 
been completed now determine if the engine is cold or warm. Determining this is 
important because a cold engine is started slightly differently than a warm 
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engine. To start a cold engine you must first move the Choke to the CHOKE 
position. To start a warm engine you must first move the Choke to the RUN 
position. The steps after moving the Choke to the RUN or CHOKE position are 
the same for both cold and warm engines. Once the Choke is in the RUN or 
CHOKE position the next step is to open the fuel valve, which should be located 
below the Choke. Once that step is completed slide the Throttle Lever away from 
the SLOW position. Before the Starter Handle is pulled turn the Engine Switch 
on. Now that the Engine Switch is on, pull the Starter Handle slowing multiple 
times to allow gasoline to flow into the carburetor. Finally, the last step is to let 
the Cable retract all the way and then pull quickly until the engine starts.  

 
Allow the engine to run for a few seconds and then check in what position the 
Choke Lever is in. If the Choke Lever is in the CHOKE position, move it over to 
the RUN position. If it is already in the RUN position, leave it there. If the engine 
has already been warm once this step is completed the engine is ready to go. 
But if the engine has been sitting around for a long period of time without being 
turned on we will need to go through a break-in procedure. 
 
For a cold engine before we go for a full speed test we must first follow a break-in 
procedure for the engine. There are six total steps that we must go through 
thoroughly to make sure we do not harm the engine in any way. The times for 
each step may vary due to certain factors but if need be it is possible to either 
shorten the time or extend it, depending on what you are observing from the Go-
Kart. Step one is to run the engine between 0-30% of its top speed for about 3-5 
minutes. The main function of this step is to warm up the engine. Step two is to 
run the engine for 5-10 minutes while driving at 50-70% its top speed. This step 
is put in place to make sure that the previous step was followed properly and the 
engine is being broken in properly. Step three is to stop the engine and let it cool 
down for about 15 minutes. While the engine is cooling down take this time to 
check for any fuel or oil leakages. Also if any bolts and nuts need to be tightened, 
do so. Step four is to run the engine at around 90% its top speed for about 10 
minutes. During this step it is safe to occasionally use full throttle. For step five 
allow the engine to cool down for another 15 minutes and again while this is 
happening check to see if there is any fuel or oil leakage and tighten any nuts 
and bolts you see necessary to tighten. For the final step, step six, run the engine 
to its full capabilities, applying throttle as much as you see fit for around 5-10 
minutes. Once all of these steps have been completed the engine has been 
warmed up properly and the risk of damage has drastically decreased. 
 
Once our engine is ready to go, the next test is to see if it will be able to reach 
the 40 mph goal we have set. The test will be in an open area away from people 
and anything else that could interfere with the results. Ideally the test would be 
conducted on pavement but if it cannot be tested that way then an open field 
would be the next best option. Also the engine will be tested two different ways. 
The first way is without any of the other parts on the Go-Kart, such as the LED 
lights, speakers, etc. The second way is to include all of the parts. These two 
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different tests are important to us because we want to see if the added weight is 
an issue for us to reach our goal. If the weight is an issue then we can either get 
a better engine or try and minimize the weight of the parts. Each solution offers 
its own obstacle.  
 
Finally the last type of testing conducted on the engine would be sound testing. 
We need to see how loud the engine will be when driving around. This is 
important due to the fact that we need the music to be able to be heard when 
driving around. If the engine sound overpowers the music a solution needs to be 
put in place. Solutions could include lowering the engine sound by muffling it or 
raising the speaker volume. 
 
Tables ()()() below describe a checklist that our team has created to make sure 
that the engine is functioning properly and to a standard that we have set. The 
checklist will determine if the engine is to pass the tests. If the engine does not 
pass the checklist we will go back, look at what question prevented it and make 
appropriate changes.   
 

Maintenance YES NO 

Is the oil at a high enough level?   

Is the fuel at a high enough level?   

Is the fuel cap sealed properly?   

Have the break-in procedures been implemented?   

Are there any obvious damages to the engine?   

Table (33) Engine Maintenance Checklist 
 

Safety YES NO 

Is the engine anywhere near an open flame?   

Is the engine being tested indoors?   

Is the engine being tested outdoors?   

Is the engine properly mounted to the Go-Kart?   

Table (34) Engine Safety Checklist 

 

Functionality YES NO 

Can the engine turn on?   

Is the engine capable of reaching 40mph?   
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Will the engine sound drown out the speakers?   

Will the engine interfere with the other components?   

Table (35) Engine Functionality Checklist 

 
8.2.6 Frame Testing 
 
Frame testing is another very important part of our project. The frame of the Go-
Kart must ready for the final presentation to be a success. The frame will hold all 
of the elements we want to include in the Go-Kart. Elements such as: LED lights, 
speakers, display, speedometer, engine and roll cage. The frame should also be 
able to protect all of the elements from being damaged by impact. The roll cage 
will be connected to the frame by bolts for easy removability and connection so 
the tests will also determine if this design will still produce excellent results.  
 
The frame will go through various amounts of tests to see if it is as reliable as we 
hope it is. All of these tests should be conducted outdoors in a safe environment. 
They will be conducted on both pavement and grass to see how the roll cage will 
react to each type. Also in many of these tests a driver will be needed to drive the 
vehicle and in order to protect the driver we ask that they wear a helmet and try 
to keep all body parts inside the vehicle away from harm.  
 
The first test that will be conducted is to see if the frame is capable of supporting 
all of the elements that will be included in the Go-Kart. Will that added weight 
cause the Go-Kart to scrape against the ground? For this test we will fully load 
the Go-Kart with all the elements and a driver and see if the weight causes any 
deformation in the frame. If the added weight causes any deformation we will 
need to determine if that deformation is a concern. If it is a big concern than 
adjustments will need to be made but if it is not a big concern than it will remain 
as is. 
 
The next test will be to see if the frame is capable of taking a strong enough 
impact. This test is necessary to see how sturdy the Go-Kart is. Also we want to 
make sure that all elements are mounted properly onto the Go-Kart. To conduct 
these tests we will purposely crash the Go-Kart against a solid barrier to imitate it 
being hit by another Go-Kart or from just hitting a wall during a race. The tests 
will begin with a small amount of impact to the front of the Go-Kart. Then we will 
slowly raise the amount of impact each test until we feel confident about the Go-
Karts strength from the front end. The next test will be to test the strength of the 
Go-Kart when it takes a rear impact. Again we will gradually increase the amount 
of impact each test until we feel confident about the strength of the Go-Kart. If 
everything in the Go-Kart remains intact and in place than the tests will be rated 
as successful and we will move on to the next test. 
 
Now we will test the roll cage placed around the Go-Kart. The roll cage serves as 
a very important element in our project. Its main function is to hold LED lights 
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around the driver. But another function of the roll cage will be to protect the driver 
in case the Go-Kart flips while being driven. While protecting the driver if the Go-
Kart flips the roll cage will also protect all the onboard electronics and engine 
from being smashed. Now to test if the roll cage is strong enough to hold 
together we will flip the Go-Kart four different ways.  
 
The first way we will flip the Go-Kart is from the front end. To do this we will raise 
the Go-Kart from the front end to cause the Go-Kart to do a back flip. Once the 
Go-Kart is flipped over we will analyze the bars to make sure that the stress and 
strain on them is not causing any cracks or bending. We will also check to see if 
the welded connection between bars is still intact. If any spacing is seen the area 
will need to be re-welded. Another thing that will be checked is to make sure that 
all the electronic components on the Go-Kart stay on the Go-Kart.  
 
The second way we will test the roll cage is by causing the Go-Kart to do a front 
flip by lifting it by the rear end. Again we will check bar connections and bars 
themselves, to make sure they can hold up to the stress and strain. We will also 
again make sure all electronic components remain on the Go-Kart. Next the Go-
Kart will be flipped over its right side. This will be done by lifting it from the left 
side. Finally the Go-Kart will be flipped over its left side by lifting it from the right 
side. 
 
Another test that will be conducted is a speed test. This test will be necessary to 
make sure that the frame of the Go-Kart will hold together at high speeds. It will 
also be to see if the frame will be able to hold all of the elements in the Go-Kart. 
At high speeds the frame will go through various amounts of vibrating. Over time 
this amount of vibrating will shift components that may cause elements to stop 
working and ultimately malfunction. First we will accelerate the Go-Kart as 
quickly as possible from a stopped position. This is necessary to make sure that 
all components of the Go-Kart will stay connected to the frame without their 
position being altered. Now we want to stop the Go-Kart as quickly as possible 
from its top speed. This will also be to see if the components attached to the 
frame will be able stay in place with the force created by stopping the Go-Kart 
from high speeds. 
 
If during any of these tests the frame cannot withstand the stress and strain a 
new design will need to be created. Either the structure design needs altered or 
the material of the frame needs to be changed. If this were to happen and the 
material for the frame has already been purchased the easiest option would be to 
reinforce the design of the frame 
 
Tables ()()() below describe a checklist that our team has created to make sure 
that the frame is functioning properly and to a standard that we have set. The 
checklist will determine if the frame is to pass the tests. If the frame does not 
pass the checklist we will go back, look at what question prevented it and make 
appropriate changes.   
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Maintenance YES NO 

Is there any rust on the frame?   

Is there any rust on the roll cage?   

Are all cracks on frame patched?   

Is the roll cage secured to the frame?   

Are all electrical components secured to the frame?   

Table (36) Frame Maintenance Checklist 

 

Safety YES NO 

Is the roll cage safely secured?   

Are there any cracks on the frame?   

Can the frame sustain a front impact?   

Can the frame sustain a rear impact?   

Can the frame sustain a side impact?   

Table (37) Frame Safety Checklist 

 

Functionality YES NO 

Are all components properly mounted?   

Can the frame support all of the weight?   

Does the frame hinder the speed of the Go-Kart?   

Can the roll cage support the LED lights above the driver?   

Table (38) Frame Functionality Checklist 

 
8.3 Software Testing 
 
Software testing, according to William Hetzel, “is any activity aimed at evaluating 
an attribute or capability of a program or system and determining that it meets its 
required results” <Hetzel88>. Despite the fact of importance of software testing 
itself, is not considered a science and remains more an art among programmers 
and testers. It happens because of limited understanding and complexity of 
software and involves more than just a debugging. Software can involve such 
characteristics of the software design as verification and validation, quality 
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assurance or reliability estimation. Correctness testing and reliability testing 
considered the most important fields of testing.  
 
Most of the software malfunctions and defects are not made due to hardware 
design or manufacturing mistake, they are human design errors and will not be 
noticeable until activation of the software. So, bugs in software will practically 
always be found in a moderate complexity design, due to limited ability of a 
programmer to trace such complexity. To find human errors and bugs in software 
takes time, experience and could be considered equally difficult with software 
complexity. The amount of tests which could be provided in order to discover the 
design imperfection in software is equally difficult for the same reason of 
complexity. Not all possibilities could be tested due to lack of for example time or 
resources. Another issue on software testing is dynamic nature of programming, 
whereas fixing one error could make program pass one test but fail two others, 
whereas previous results had opposite effect. 
 
Despite all difficulties and different aspects taking into account of testing 
software, software testing is playing important role and to have a plan to organize 
testing and test software during all development cycles of our project is a crucial 
point.  
 
8.3.1 Quality of the software 
 
First what we have to test, or consider to be tested, for all of the software in our 
project is quality of the software. And since quality cannot be measured directly, 
aspects such as engineering, adaptability and functionality could be measured 
and conclusion upon results could be made. Functionality is an exterior factor 
and could be judge by the following criteria of the software:  

 Correctness – is the used algorithm correct with respect to given 
specifications? Is input – output algorithm behavior produces results as 
was intended? 

  Reliability – is our developed software functioning correctly within needed 
environmental conditions? How long software can stand such conditions? 
Is the software reliable? 

 Usability - is this software could be used to achieve specified goals with 
efficiency, effectiveness and satisfaction? Is this software is useful in 
terms of easiness or memorability?  

1. Learnability: How easy is it for users to accomplish basic tasks the first 
time they encounter the design? 

2. Efficiency: Once users have learned the design, how quickly can they 
perform tasks? 

3. Memorability: When users return to the design after a period of not using 
it, how easily can they re-establish proficiency? 

4. Errors: How many errors do users make, how severe are these errors, and 
how easily can they recover from the errors? 

5. Satisfaction: How pleasant is it to use the design? 
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 Integrity - measures the how high is the source code's quality when it is 
passed on to the QA, and is affected by how extensively the code was unit 
tested and integration tested. 
 

Engineering is an interior factor and could be judge by the following criteria of the 
software: 

 Efficiency - is the response time of the software satisfactory to the result 
we are trying to achieve? Can we improve response time?  

 Testability - is the software system and documentation supports testing? If 
the testability of the software is high, then finding faults in the system is 
easier. 

 Documentation - is written documentation will be provided with software?  
Will it explain how software operates or how to use it? Documentation is 
an important part of software engineering and can include following:  

1. Requirements - statements that identify attributes capabilities, 
characteristics, or qualities of a system. This is the foundation for what 
shall be or has been implemented. 

2. Architecture/Design - overview of software. Includes relations to an 
environment and construction principles to be used in design of software 
components. 

3. Technical - documentation of code, algorithms, interfaces, and APIs. 
4. End user - manuals for the end-user, system administrators and support 

staff. 
5. Marketing - how to market the product and analysis of the market demand. 

 

 Structure - is the high level structure of a software system, the discipline of 
creating such structures, and the documentation of these structures. It is 
the set of structures needed to reason about the software system, and 
comprises the software elements, the relations between them, and the 
properties of both elements and relations. 
 

Third aspect to judge quality of the software is adaptability, i.e. future quality. 
Adaptability criteria measurements are: 

 Flexibility – can software respond to potential changes external or 
internal? Do such changes reflect cost effectiveness?  

 Reusability - can we reuse any developed software such as libraries in our 
code? Can our code be reused by other project development?  

 Maintainability – how easy software can be maintained by a user if 
necessary? Can a user resolve following: 

1. isolate defects or their cause, 
2. correct defects or their cause, 
3. repair or replace faulty or worn-out components without having to replace 

still working parts, 
4. prevent unexpected breakdowns, 
5. maximize a product's useful life, 
6. maximize efficiency, reliability, and safety, 
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7. meet new requirements, 
8. make future maintenance easier,  
9. cope with a changed environment. 

 
After answering questions to each aspect of quality  let say on the scale from 0 to 
10, we will be able to see how our software could be classified and if it could be 
named quality software or not. 
 
8.3.2. Verification and Validation  
 
Another important aspect of testing is to check verification and validation of the 
software to establish confidence that the software is fit for purpose of the project. 
This doesn’t mean completely free of errors, but software should be good enough 
to use with confidence. Here terminology Verification means that software should 
conform to its specification: Are we building the product right? Whereas 
terminology Validation means the software should do what the user really 
requires. Are we building the right product? Verification should be done statically 
and dynamically. Software inspections and walkthroughs are the static part of 
verification where analysis of the static system representation is performed. 
Software testing is the dynamic part of verification and concerned with exercising 
and observing product behavior. Below is a diagram representation of what was 
written above. 
 

 
Figure (53)  – Verification and Validation of the software  

 
8.3.3. Inspection of the Software 
 
Along with validation and verification testing and inspections have to be 
considered as part of the software testing. Many different defects may be 
discovered in a single inspection. In testing, one defect may mask another so 
several executions are required. Even thou inspection can only discover defect of 
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the software, not correct them, this might help in early stage of development of 
the software. Typical defect might be error in documentation, logic or function. To 
perform inspections we have considered checklist to follow. These checklists are 
based on the sample checklist from NASA’s “Software Formal Inspections 
Guidebook”. Inspection should be done by members of the group who were not 
involved into code programming step. After inspection is performed results have 
to be discussed among all group members and any found defects should be 
corrected by the developer of the program if possible. 
 
8.3.3.1 Detailed Design Checklist for Inspection Purposes  
 

FUNCTIONALITY YES NO 

Does the design implement the specified algorithm?     

Will this design fulfill specified requirements?     

Does it conform to the architecture?     
Table (39) - Functionality of the software 

 

LOGIC YES NO 

Is there logic missing?     

Are all variables and constants defined and initialized?     

Are literals used where a constant data name should be 
used?     

Are greater-than, equal to, less-than-zero, or other conditions     

each handled?     

Are branches correctly stated?     

Are actions for each case correct?     
Table (40) - Logic of the software 

 

PERFORMANCE YES NO 

Are synchronization mechanisms correct and will they       

perform as required?             
Table (41) - Perforamnce of the software 

 

DATA USAGE YES NO 

Are all data blocks specified and used?         

Are all routines that modify a data block aware of the data     

block's usage by any other routine?         

Are all logical units, events, and synchronization flags 
defined?     

Table (42) – Data Usage of the software 

 

LINKAGES YES NO 

Do argument lists match in number, type, and order?       

Are all linkages input and output properly defined and     
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checked? 

Is the data area mapped as the receiving unit expects it to be?     

Are messages issued for all error conditions?       

Do return codes for particular situations match the global     

definition of the return code as documented?       
Table (43) - Linkages of the software 

 

TESTABILITY YES NO 

Is the design described in a testable, measurable, or       

demonstrable form?             

Does the design contain checkpoints to aid in testing?       

Can all logic be tested?             
Table (44) - Testability of the software 

 

RELIABILITY YES NO 

Are defaults used and are they correct?         

Are boundary checks performed on memory accesses to ensure     

program memory is not being altered?         

Have linkages bee checked for inadvertent destruction of data?     

Is error checking on inputs, outputs, linkages, interfaces,     

and results performed?             

Are undesired events considered?           
Table (45) - Reliability of the software 

 

LEVEL OF DETAIL YES NO 

Is the intent of all units or processes documented?       

Is the expansion ratio of code to design documentation     

less than 10:1?               

Are all required module attributes defined?         

Are all assumptions made about this module documented?     
 Table (46) – Level of Details of the software 

 

MAINTANABILITY YES NO 

Do changes to this unit have minimal effect on other units?     

Doe the header meet project standards?         

Does the header include purpose, author, environment, input      

and output parameters?             
Table (47) -Maintanability of the software 

 

TRACEABILITY YES NO 

Are all parts of the design traced back to the requirements?     

Can all design decisions be tracked back to trade studies?     
Table (48) - Traceability of the software 
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CONSISTENCY YES NO 

Are data elements named and used consistently throughout     

the unit and unit interfaces?           

Is the design of all unit interfaces consistent among themselves      

and with the system interface specification?         
Table (49) -Consistency of the software 

 

CLARITY YES NO 

Is the unit design including the data flow, control flow,      

and interfaces, clearly presented?           
Table (50) - Clarity of the software 

 
8.3.4 Debugging 
 
Debugging is another important part of software testing and in comparison with 
validation and verification, debugging is concerned with locating and repairing 
errors. Debugging involves formulating a hypothesis about program behavior 
then testing these hypotheses to find the system error. When received test result 
differs with expected result, we will assume an error had been made, and then 
we have to locate such error. After error is located, specifications have to be 
reviewed and error repair design emerges. If such error repair method 
approachable and solves issue, then error will be repaired and program could be 
tested again to allocate reappearance of the same error or confirm its successful 
fix. Below is the diagram represents steps of debugging described above.  
 

 
Figure (54) - Debugging Process 

 
8.3.5 Component Software Testing 
 
Component Testing is a testing of individual program components. Such testing 
is the responsibility of the component developer. Music, Lights, Heart Rate and 
Display are the components used in our project and therefore component testing 
will apply. Usually tests are derived from the developer’s experience; therefore 
they will be created based on the experience of our team. 
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Component testing will involve few test cases. Test cases are the inputs to test 
the system and the predicted outputs from these inputs if the system operates 
according to its specification. We will pick few inputs with predicted values and 
known behavior to perform component test cases. Also, since we really care 
more about output of or design rather than code implementation, we will consider 
test case known as black box test case. It is an approach to testing where the 
program is considered as a black box. Therefore, the program test cases are 
based on the system specification, test planning can begin early in the software 
process and such test cases are data driven. Also we will take in consideration 
another approach where the code is ignored completely and test cases are 
based only on the specification documents. 
 
8.3.5.1 Lights 
 
To create and use test cases for light component testing we have to consider 
number of colors LED lights might have along with the range of the heart rate of 
the average adult.  Such relationship between heart rate and color was derived in 
software part section 6.2.3. of this paper. That table would be the reference to 
the component testing questions of the software for LED lights and the heart 
rates. 
 

QUESTION YES NO 

Does the LED light is violet if heart rate is 60?     

Does the LED light is violet if heart rate is 73?     

Does the LED light is blue if heart rate is 105?     

Does the LED light is orange if heart rate is 161?     

Does the LED light is light orange if heart rate is 160?     

Does the LED light is reddish orange if heart rate is 173?     

Does the LED light is indigo blue if heart rate is 100?     

Does the LED light is green if heart rate is 120?     

Does the LED light is yellow if heart rate is 139?     

Does the LED light is light red if heart rate is 180?     

Does the LED light is indigo if heart rate is 90?     
Table (51) LED Software Testing 1 

 
Of course it is visually hard to compare light spectrum of indigo or indigo blue, 
the change of the color as the result of change in the heart rate data is actually 
what is important.  As it was described earlier, such component testing could be 
done in early stage of the software development, here the LED strip are not 
necessarily have to be connected to the same board as pulse sensor. If the 
testing software developed where the input data could be managed by outputting 
it from the keyboard, such software testing would fully suffice with the required 
configurations of the functionality for this piece of software.  
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Second set of questions referred to the frequency of a set timer/clock and delay 
between readings received by the microcontrollers and output light color is 
“displayed”. 
 

QUESTION  YES  NO 

Does the clock timed out and light has changed color?     

Does it happen within 2 seconds?     

Does it happen after 2 seconds?     

The color stayed the same because heart rate stays same?     

Does correlation of the clock is necessary?     
Table (52) LED Software Testing 2 

 
8.3.5.2 Music 
 
Music is another part of the software design which should be tested. Since music 
is stored on the USB device and read into microcontroller, ability to read music 
files such as mp3, m4p, wav and some other popular extensions for the music 
file formatting should be considered as part of software testing. Music cannot be 
heard without speakers and viewed without display, this 2 hardware parts should 
also be included into final software development and software testing for music.  
On the fists step of the software development testing code could be 
implemented, where through debugger information of successful reading of the 
file is possible, control functions such as pause, stop could also be checked. 
 

QUESTION  YES  NO 

Does the music file have correct extension?     

Does the music file is readable?     

Does the function “choose” responded when prompt?     

Does the function “play” responded when prompt?     

Does the function “pause” responded when prompt?     

Does the file starts where it was left before function “pause” 

was called? 

    

Does the function “stop” responded when prompt?     

Does the file starts from the beginning if function “stop” was 

called priory? 

    

Table (53) Music Software Testing 
8.3.5.3 Heart Rate 
 
As it was mentioned before, software for the heart rate and software for the light 
are interrelated and based on the same data: readings of the pulse sensor. Since 
there is no possible way without another pulse sensor to determine correct 
reading of existing hardware part, we will assume that hardware testing 
performed on the earlier stage guarantees that the part we are using is fully 
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functional. To test heart rate software part only clock rate and data itself should 
be considered. 
 

QUESTION  YES  NO 

Does the clock timed out and heart rate outputted new data?      

Does it happen within 2 seconds?     

Does it happen after 2 seconds?     

The data stayed the same because heart rate stays same?     

The data changes because heart rate changes?     
Table (54) Pulse Senor Software Testing 1 

 

QUESTION  YES  NO 

Does the heart rate reads 90 bpm and displays 90 bpm?       

Does the heart rate reads 120 bpm and displays 120 bpm?       

Does the heart rate reads 143 bpm and displays 143 bpm?       

Does the heart rate reads 167 bpm and displays 167 bpm?       

Does the heart rate reads 200 bpm and displays 200 bpm?       

Do any values inputted below 1 bpm are readable?       

Do any values inputted above 200 bpm are readable?       
Table (55) Pulse Sensor Software Testing 2 

8.3.5.4. Display 
 
Display testing as previous component testing will rely on the functions 
implemented by the software and described in the Software development section 
6.2. of this paper.  Display implements the user interface, which it its terms is a 
“window” for a user to communicate with the functions of the software. Following 
functions was considered to be implemented on the TFT monitor: response to 
touch of the screen in the field of music player. View of the music player 
functions, view of the heart rate data and view of the speed data. Here is the 
table of questions to check described functions of the display. 
 

QUESTION  YES  NO 

Does the music files displayed on the left part of the monitor?       

Does the “play” function available next to each music file?      

Does the playing file name available at the bottom of the left 

section of the screen?    

    

Does the “pause” function available next to “playing” music 

file?  

    

Does the “stop” function available next to “playing” music file?      

Does the “return” function available next to “playing” music 

file?  

    

Does the speed information displayed at the top right corner     
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of the display?   

Does the heart information displayed at the bottom right 

corner of the display?   

    

Does the speed information reflect changes every 1 second 

on the display?   

    

Does the heart information reflect changes every 1 second 

on the display?   

    

Does the music information changes with heart rate change?      

Does the music information changes with speed change?      
Table (56) Display Software Testing 

  
Here are some but not all questions should be answered in order to perform 
component testing of the software. Each test could be done by itself or in pair 
with other components test. Multiple testing also required checking stability, error 
rate and seeing possible bugs on the software.  
 
External testing software and emulations also would be considered for 
component testing, such software as Vector Software. Vector Software provides 
automated tools for testing embedded software using unit and integration tests. It 
uses a "tool chain" method that supports a total cross-development environment 
that includes a cross-compiler, debug emulator, target board and real-time OS. 
Vector's tool includes configurable target integrations for each tool chain an 
embedded software code system needs. 
 
Overall, after completing software testing part, all the visible, logical, arithmetical, 
language related errors and bugs should be detected and corrected. The final 
software could be implemented into the final embedded parts of the project and 
tested as a whole system with software and hardware parts in mind. 
 
9. Administrative Content 
 
In this section we will cover the administrative side of the project. Finances were 
a great part of the project due to each group members own financial burdens. As 
a group we also set milestones for the project and that will also be discussed in 
great detail. Setting milestones was important for this project due to the fact that 
it held each group member accountable for their individual parts and also kept 
track of where the project was in terms of completion. The administrative side of 
the project was different from what we are accustomed too in our engineering 
course work but we believe that it was all done efficiently and effectively.  
 
9.1 Finances 
 
Finances are a very important part when dealing with large amounts of materials 
that need to be purchased between four group members. Each group member 
needs to agree with the price of each component. They also need to agree on 
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what the overall budget should be. This being a large project with multiple 
separate components that need to function properly at the end of Senior Design 
II, makes the importance of each component even that much greater. Not only 
that but also the fact that all four group members are college students that have 
minimum income. During the school year most of us do not work because of the 
added work load it would give us on top of our school work. For this reason most 
of us do not have much money to spend, especially on extra things such as a 
school project. Most of a college student’s income goes to housing, tuition and 
food. For these reasons the budget needs to be something that each individual 
can achieve without created a financial burden that could put them in a 
dangerous position.  
 
So at the beginning of our project proposal, we as a group discussed the fact that 
each person will be able to, at most, spend $250 on the project. Having each 
member in the group agree to this gave us a maximum budget of $1000. This 
amount may seem to be plenty for a project but in our case we need to spend it 
very wisely. Some of the parts for this project alone could cost near $500. An 
example would be the purchase of a Go-Kart. No one in the group currently owns 
one or knows someone who would let us borrow theirs. So the purchase of one is 
necessary for our project. If we were to spend near half of our budget on a single 
item it would put major constraints on all of the other components.  
 
The other components may also not turn out to be cheap either. What if a very 
important component of ours such as the speedometer cannot be found for less 
than $200 dollars, our budget would only have $300 left in it. And what if a part 
malfunctions, we would need to purchase another one. For these reasons we 
found it necessary to carefully go through each item needed and place an ideal 
maximum price, we as a group, would be willing to spend on it. Of course as we 
go and look for each element we will try to find the cheapest option in hopes of 
saving money because in reality it would be nice if each group member would not 
need to spend $250 of their own personal money. Although we would like to find 
the cheapest models of each component that may not be possible if certain parts 
have certain design constraints that must be dealt with. 
 
One aspect of financing that could prove to be extremely beneficial is having a 
contributor or sponsor. Sponsors can offer a great amount of financial support if 
needed. Depending on the type of sponsor our project receives will depend on 
how that sponsor will want to assist us in our project. The sponsor in our case 
could either give us money that would go towards our budget, decreasing the 
amount each of us need to spend for the project, or they could supply us with a 
Go-Kart that we can work on. Ideally if we were looking to receive a Go-Kart from 
our sponsor we would reach out to Orlando Grand Prix and Fun Spot. In reality 
any type of sponsorship that our group would be able to receive would be 
extremely beneficial, whether they want to help our project financially or help by 
supplying parts. The following is a list of possible sponsors that we intend to 
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reach out too for our project: Orlando Grand Prix, Fun Spot, Bobcat for Hire, 
University of Central Florida Electric Vehicle Program, Boeing and Duke Energy. 
 
Another aspect of finances is how our team will go about splitting the expenses 
evenly. Multiple ways have been discussed in order to find the most effective way 
to make sure that the expenses have been distributed evenly amongst one 
another. One way to do this is that while everyone is making purchases of 
components there will be a file which contains what was bought by who and how 
much it cost. At the end of the project the totals would be summed up and the 
expenses would be split evenly amongst each group member. Another option 
would be that once a group member reaches their maximum of $250, that 
individual would not purchase any more components for the project. If at the end 
of the project we find that the expenses between group members are not equal, 
we would then proceed to split the expenses evenly. A third option would be that 
for each purchase made the price of that item would be split by four and each 
member would contribute to that individual purchase. This would prevent the 
need to calculate the total expenses and split the cost at the end of the project. 
Now although the third option seems to be the simplest it may be unrealistic. If an 
individual at the time of purchase does not have the needed amount of money in 
their bank account the idea will not work. For this reason as a group we have 
decided to not use this option. Instead the second option was agreed upon. This 
option was unanimously voted for mainly because an individual would never 
need to exceed $250. Also if one person spent $250 and all other individuals 
spent less than that person would receive some money back in order to create a 
balance between everyone.  
 
Now depending on if the project ends up receiving a sponsor will alter the group’s 
decision on how to split the expenses evenly. If a sponsor is attained the option 
that would be most suitable would be the first option. We would begin by using 
whatever the sponsor is willing to donate and then if there stills needs to be 
purchases made it will come from each members own pocket. At the end of the 
project the total expenses would be summed up and then split evenly amongst 
each member. This option seems to be the most ideal due to the fact that with a 
sponsor it would be very unlikely that someone will spend $250.  
 
The budget is displayed in the table below. We chose this budget with extreme 
caution and from plenty of research of each individual item. When researching 
the Go-Kart we wanted to use, prices ranged from $250 all the way to thousands 
of dollars. As a group we did not see the need in purchasing an expensive Go-
Kart due to the fact that we are only using it for this project. Also the Go-Kart is 
not the main focus of the project so we do not want to spend the entire budget on 
it. For these reasons we have only set aside $400 for the purchase of the Go-
Kart.  
 
After researching what type of motor we were going to use for the Go-Kart, we 
found that a sufficient amount to set aside would be $170. Once the motors go 
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past 7 or 8 mph the prices go well over $200. We found that a motor of 6.5 HP 
would be sufficient for a Go-Kart to reach speeds around 40 mph so there is no 
need to purchase a motor with more horsepower.  
 
Next on the budge are the LED lights. After looking up which ones would be the 
best to purchase online the decision was made not to spend more than $30 on 
them.  The LED lights we are interested in purchasing are sold by the meter and 
will have about 30 LED lights per meter. Each meter would cost around $15 and 
we believe that with about two meters of LED lights we would be able to produce 
enough light to produce an ambient effect for the driver to enjoy.  
 
Another item on the budget is that of the display. This is an important aspect of 
the project due to the fact that the display will be touch screen for the drivers’ 
enjoyment and it will also show the music selection and heart rate of the driver. 
Much research has been conducted to find a suitable display that is capable of all 
of these tasks. A key factor that would raise the price of the displays was the 
size. For us size is important because we plan on placing the display in the 
center of the steering wheel. For this reason we would need a small display. The 
smaller the display the cheaper it would be, this actually worked in our favor so 
only saw the need to set aside $70 for the display.  
 
Next on the budget is the pulse sensor. This may be the most important 
component to the project because it is what will determine how all the other 
components will function. Depending on how sophisticated the pulse sensor is 
depends on how high the price will be. Some pulse sensors go for around 
hundreds of dollars but this seemed unnecessary for our project. The pulse 
sensor we have been researching does not need to be the most sophisticated 
one on the market. Instead we need one that is simple and only needs to be able 
to read the pulse of the driver, nothing else. For these reasons we decided that 
$50 for the pulse sensor should be enough to accomplish what is needed from it. 
 
Following the pulse sensor we have the speakers. Now for the speakers we have 
set aside $50. For our project we need two speakers that are capable of 
producing enough dB’s in order to be heard over the motor. The speakers do not 
need to be the most artistic of their kind or brand name. We only need them to 
function properly and this is why a price of $50 is believed to be enough for them.  
 
Now for the roll cage we have estimated that we will need about 20-25 feet of 
steel tubing. On average we have found that 8 feet of steel tubing would cost 
about $20 so to reach 20-25 feet of tubing we would need to spend around $60. 
If our estimations are correct this would be the perfect amount of tubing that will 
be needed to complete the roll cage.  
 
For the speedometer we have also set a budget of $60. Speedometers, 
depending on what they are capable of doing can become very expensive. There 
is also a great difference in price depending on whether or not the device is 
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digital or analog. For our project we only need a speedometer that is capable of 
displaying the speed of the vehicle, nothing else. Also since we are going for 
simplicity and an analog speedometer would be cheaper we believe that setting 
aside $60 would be enough.  
 
Up next is the 12V battery. All of the electrical equipment on the Go-Kart should 
be able to function with a single 12V battery. We believe that if all of the electrics 
in an automobile are capable of being powered by a single 12V battery then the 
same should apply to a Go-Kart. In some cases $10 may seem to be a lot to 
spend on a battery but just in case something happened to the battery we 
wanted to place a little more wiggle room in the budget.  
 
With two items left for the budget and $100 left to spend we have decided that 
$60 will go to the microcontroller and $40 will go to wiring. As we have been 
researching which microcontroller to use for our project we have come down to 
two options, the Raspberry Pi or the Arduino. Both microcontrollers can be 
purchased for under $60. The reason we set aside $40 for the wiring is that these 
$40 will also go to any miscellaneous purchases needed. 
 

Project Budget 

Go-Kart $400 

Motor $170 

LED Strips $30 

Display $70 

Pulse Sensor $50 

Speakers $50 

Roll Cage $60 

Speedometer $60 

12V Battery $10 

Microcontroller $60 

Wires $40 

 Total:$1000 
Table (57) Project Budget 

 
9.2 Project Milestones 
 
Project Milestones gives reference to the point at which major events in the 
project, is used to monitor the overall progress of said project. The milestones for 
a project should present a clear sequence of events that will incrementally build 
up to the completion of the approved project.  Project milestones not only help 
your team stay on track, they are also useful to the project manager to more 
accurately determine whether or not your project is on schedule. There are 
various method in which a team can employ to keep track of project milestones. 
The methods that we used to keep track of our project milestone were weekly 
meeting, a Gantt chart, and table of contents. We also employed the uses online 
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resource such as dropbox and google drive, to regularly upload information on 
each of the completed sections of the project. 
 
As weekly meetings and the table of contents are virtual straight forward, will now 
take a look at what is a Gantt chart. In project management Gantt charts are 
used to show the activities such as the tasks and events displayed against time. 
The first Gantt chart was devised in the mid-1890s by Karol Adamiecki, a Polish 
engineer who ran a steelworks in southern Poland and had become interested in 
management ideas and techniques. Some 15 years after Adamiecki, Henry 
Gantt, an American engineer and management consultant, devised his own 
version of the chart and it was this that became widely known and popular in 
western countries. Consequently it was Henry Gantt whose name was to become 
associated with charts of this type. In its early inception Gantt chart were 
somewhat disadvantaged in its usefulness as these charts were made by hand 
and would require to redrawn each time the project change or made updates. 
This issue however would change with advent of computers and project 
management software, due to the fact that as update is needed the computer 
can reprinted the charts with the new updates in a manner of seconds or 
minutes.  
 
When creating a Gantt chart as with any other milestone tracking chart a team 
must assess the following: Kay Deadlines, Key Dates, External Dates and 
Deliveries. Key Deadlines are significant to denote on Gantt chart because they 
give clear dates by which major parts will of overall process must be completed 
such as product testing, prototyping, research and other vital portions of the 
project.  Key deadlines are important on large to a senior design project because 
it enables the team to easily see what’s due soon and create a strategy 
accordingly. Key Dates on the other hand refers, to specific on date events such 
as team meetings, product launch, and so on. External Dates and Delivers are in 
reference to basic any unseen mishaps in the project being completed. These 
may include issues such as a part becoming unavailable, parts ordered online 
having a delayed shipping date, even parts going bad upon completion. External 
dates and deliveries factors in, the possibility that these events may happen at 
some point and may hinder a particular part of the project being completed on 
schedule.  
 
To create our Gantt chart we used Microsoft excel as it already had a generic 
template layout of this chart. However, in order to make a Gantt chart from 
scratch in excel one must do the following: 
 

 Create a project table – first start by entering your project's data in an 
Excel spreadsheet. List each task is a separate row and structure your 
project plan by including the Start date, End date and Duration, i.e. the 
number of days required to complete the tasks. It is important to note that 
only the Start date and Duration columns are really necessary for creating 
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an Excel Gantt chart. However, if you enter the End Dates too, you can 
use a simple formula to calculate Duration 
 

 Create an Excel Bar chart based on Start date – to does this begin by 
making your Gantt chart in Excel. First set up a Stacked Bar chart then 
select a range of your Start Dates with the column header. Make sure to 
select only the cells with data, and not the entire column. Then, switch to 
the Insert tab > Charts group and click Bar. Finally, under the 2-D 
Bar section, click Stacked Bar. 
 

 Add Duration data to the chart - Right-click anywhere within the chart area 
and choose Select Data from the context menu and click Data Source and 
a window will open. Next, Click the Add button to select more data 
(Duration) you want to plot in the Gantt chart. The Edit Series window 
opens, then In the Series name field, type “Duration” or any other name of 
your choosing. Alternatively, you can place the mouse cursor into this field 
and click the column header in your spreadsheet, the clicked header will 
be added as the Series name for the Gantt chart. Next, click the range 
selection icon next to the Series Values field and a small Edit 
Series window will open. Select your project Duration data by clicking on 
the first Duration cell and dragging the mouse down to the last duration. 
Make sure you have not mistakenly highlighted the header or any empty 
cell. Click the range selection icon again to exit this small window. This will 
bring you back to the previous Edit Series window with Series 
name and Series values filled in, where you click OK. Now you are back at 
the Select Data Source window with both Start Date and Duration added 
under Legend Entries (Series). Simply click OK for the Duration data to be 
added to your Excel chart. 
 

 Add task descriptions to the Gantt chart - Right-click anywhere within the 
chart plot area by clicking Select Data to reopen the Select Data 
Source window. Make sure the Start Date is selected on the left pane and 
click the Edit button on the right pane, under Horizontal (Category) Axis 
Labels. A small Axis Label window opens and you select your tasks in the 
same fashion as you selected Durations in the previous step - click the 
range selection icon, then click on the first task in your table and drag the 
mouse down to the last task. Remember, the column header should not 
be included. When done, exit the window by clicking on the range 
selection icon again.  
 

 Transform the bar graph into the Excel Gantt chart - What you have now is 
still a stacked bar chart. You have to add the proper formatting to make it 
look more like a Gantt chart. Our goal is to remove the blue bars so that 
only the orange parts representing the project's tasks will be visible. In 
technical terms, we won't really delete the blue bars, but rather make them 
transparent and therefore invisible. We start by clicking on any blue bar in 
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your Gantt chart to select them all, right-click and choose Format Data 
Series from the context menu. Then the Format Data Series window will 
pop up; so we switch to the Fill tab and select No Fill. Go to the Border 
Color tab and select No Line.  The tasks on your Excel Gantt chart are 
listed in reverse order, we fix this issue by Click on the list of tasks in the 
left-hand part of your Gantt chart to select them. This will display the 
Format Axis dialog for you. Select the Categories in reverse order 
option under Axis Options and then click the Close button to save all the 
changes to finish your Gantt chart.  
 

 Making Improvements to the design of your Excel Gantt chart - Right-click 
on the first Start Date in your data table, select Format Cells > General 
and write down cell number shown. Click on any date above the task bars 
in your Gantt chart. One click will select all the dates, you right click them 
and choose Format Axis from the context menu. Under Axis Options, 
change Minimum to Fixed and type the number you recorded in the 
previous step. To adjust the number of dates on your Gantt chart, in the 
same Format Axis window, change Major unit and Minor unit to Fixed too, 
and then add the numbers you want for the date intervals. Typically, the 
shorter your project's timeframe is, the smaller numbers you use. For 
example, if you want to show every other date, enter a new number in 
the Major unit. Next, to remove excess white space between the bars, 
click any of the orange bars to get them all selected, right click and 
select Format Data Series. In the Format Data Series dialog, re-adjust 
separated and Gap Width to sue your project needs. It is important to note 
that you design your Excel Gant chart in different ways by changing the fill 
color, border color, shadow and even applying the 3-D format. All these 
options are available in the Format Data Series window.  
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