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1. Executive Summary 
 

Motorcycles have been a widely used method of transportation for several decades 
in almost every corner of the world. Despite their reliability, low cost, and efficiency 
as motor vehicle, motorcycles have always been hindered by one major concern 
with using a motorcycle. Safety concerns have haunted the motorcycle industry 
ever since they began to be in use in major roads and highways. In the United 
States alone, there are roughly between 4,000 and 5,000 deaths annually along 
with another 90,000 injuries due to motorcycle accidents. 
  
Various measures have been taken to try to lower this toll that motorcycles have 
on people's lives such as stricter safety standards for motorcycle design, proper 
training, and higher standards for motorcycle helmets. One of the major 
technological breakthroughs in recent years is the invention of Heads-Up Displays 
(HUD) in cars. These devices allow for drivers to see information normally 
displayed on the dials near the steering wheel on the windshield. By projecting this 
data onto the windshield, the driver does not have a need to take their eyes off the 
road while still monitoring important information about the vehicle such as speed, 
RPM, gas, etc. 
 
Despite their success in cars and trucks, Heads-Up Displays have not been as 
available to the motorcycle community. Our goal for this project is to implement 
this technology in motorcycle helmets in a low cost and effective manner. Few 
companies have attempted to change this such as Skully, NUVIZ, and LiveMap 
with their own iterations of Heads-Up Displays for motorcycle helmets. Although 
successful in their respective endeavors, there are still some characteristics about 
their systems that have not allowed for this technology to be widespread in every 
helmet as it should be.  Along with the Heads-Up Display, there will be a variety of 
sensors on the motorcycle all with a focus on the safety of the motorcyclist. These 
sensors will have a focus on either motorcycle accident prevention or action in the 
event that there is an accident. 
 
The focus of this project is to enhance the Heads-Up Display experience for 
motorcyclists by providing a customizable interface to display the data the user 
wants as well as a lower price and more universal product. This device will be 
universal in the sense that it can be implemented into any motorcycle and 
motorcycle helmet which allows users to utilize their own helmets. This is a major 
difference with helmet designs by wither Skully, NUVIZ, or LiveMap since to use 
their systems, one must use their specially designed helmet.  
 
This device will provide a user-friendly, low cost, and overall effective alternative 
to motorcycle Heads-Up Displays that has the potential to instantly change the 
motorcycle industry by making it safer to ride a motorcycle. This will have an 
instantaneous impact and hopefully help reduce the number motorcycle accidents 
around the world 
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2. About the Project 
 

Driving motor vehicles is known to be one of the most dangerous activities we 
perform during our daily lives. According to the National Highway Traffic Safety 
Administration (NHTSA), the fatality rate for motorcyclists are significantly higher 
than that of drivers in passenger cars. [5] Progression in safety equipment for 
motorcyclists have saved and continues to save numerous lives. However, there 
are often where some people do not use helmets and are considerably in more 
danger than with a helmet. The project aims to improve the functionality of helmets 
for those that already use them, and additionally encourage the use of helmets to 
those who do not utilize them enough. 
 
The objective of this project is to design and prototype a user-friendly heads up 
display (HUD) for motorcyclists with an augmented reality display on the visor of 
their helmet. The focus of the project will be to enhance the safety of the user by 
developing a device that displays various sensor data, and navigation data onto 
their line of sight without obstructing the user’s view of the road and their 
surroundings. By reducing the user’s necessity of looking down to retrieve 
information from the built-in dashboard, the user will be able to maintain the vision 
of their path more consistently. 
 
Many people who ride motorcycles already own a helmet, so the project aims to 
develop a modular solution that will offer our proposed safety and comfort features 
to the users. This device will be designed to easily adapt to almost any motorcycle 
helmet without the need of any modifications to the existing system. 
 
To improve the user’s experience, this device will be easy to use, lightweight, 
rechargeable with a typical phone charger, and most importantly Bluetooth 
compatible to connect to a mobile device. 
 
This project is unique from other projects and current products in the marketplace 
is the full integration in to the helmet like Skully’s concept, however rather than 
using glassware so close to the eyes of the user the display is projected directly 
on to the visor with the use of mirrors and optics. By using lenses to collimate and 
enlarge the images from the OLED display, the system will be able to focus the 
images at infinity. This allows the HUD to be in focus always for the driver. This 
helps from a safety perspective as well as adding additional challenge to the 
project regarding fitment and display. 
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3. About Us 
 

In this section the members of the group talk about who they are and how they 
became interested in engineering and what their future holds once they graduate. 
Each member will be graduating in the summer of 2018 from the University of 
Central Florida with a bachelor's degree in their respective fields.  

 
3.1 Manuel Navas 
 
Manuel Navas was born in Venezuela on February 24, 1992. Just eight months 
later, his parents decided to leave behind the home they knew to start a new life in 
the United States. His parents stressed the importance of academics throughout 
his childhood. Manuel saw his humble upbringing as a motivator to pursue a higher 
education and elevate himself to become anyone he wanted to become. He had 
an innate fascination with numbers from an early age. This blossomed fully in 
elementary school when he was asked what he wanted his career to be, his 
answer: engineering. To start his collegiate career, he first attended UF with a 
major in Mechanical Engineering. After earning his Associate degree, he came to 
the realization that Mechanical Engineering was not his calling. He started to 
search for other engineering disciplines and took notice of UCF’s Photonic 
Sciences and Engineering degree in 2015; which coincidentally, was the 
International Year of Light. Manuel saw this as a sign and dove head first to the 
program. 
 
After a long road, Manuel is ecstatic to finally close this chapter of his life and 
become the engineer that he always wanted to become. The columniation of his 
efforts and studies come down to his optic design of the Heads-Up Display for 
Motorcyclists. Along with his partners, the team strive to make the roads a less 
hazardous place for motorcycles by having all the pertinent information displayed 
at eye level without obstructing the driver’s view of the road. 
 

3.2 Kyle Otsuka 
 
Kyle Otsuka was born and raised in Orlando, Florida by his Japanese parents who 
had immigrated to the United States a few years prior to his birth. Kyle was 
fascinated by the marvels of engineering from an early age and loved to work with 
his hands. He exceled in mathematics and science in school and knew that those 
subjects would be a part of his passion. Kyle began his pursuit of education for a 
bachelor’s in Computer Engineering at the University of Central Florida in the 
summer of 2013. He gained exposure to the subjects within Computer Engineering 
from his classes but was later exposed to the professional environment of the 
Computer Engineering profession during his coop experience at NASA’s Kennedy 
Space Center. The experience he gained there has solidified his passion for 
Computer Engineering and has been significantly beneficial to his educational 
endeavor for his bachelor’s degree.  
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Now, Kyle is utilizing the knowledge and skills gained from past experiences to 
support the VISOR project as a Computer Engineer. The design of the software 
architecture for communication and display will be led by him, and he will also 
support the embedded systems programming for the microcontrollers used for the 
sensors, communication modules, and display. The VISOR project aims to 
improve the safety for motorcyclists, and Kyle is fully dedicated to accomplishing 
that task with his teammates as part of his final project for his bachelor’s degree. 
Kyle hopes to gain valuable experiences from the project and improve his technical 
and interpersonal skills that will be useful in his future.  

 
3.3 Tomas Villarreal 
 
The son of two immigrant parents, Tomas Villarreal has always been exposed to 
the fields of science and technology with his father being an electrical engineer 
himself. Tomas did not always want to be an electrical engineer until a high school 
teacher made him realize about the advantages and importance of engineering in 
the world; it was then that he decided to pursue a career in electrical engineering. 
Being of Colombian descent, Tomas would become the first engineer in the United 
States and is still pursuing more within the field. His ambition is to one day become 
a professional engineer and grow within the field within the years to come.  
 
Now, using the experiences and knowledge gained in his four years at the 
University of Central Florida, Tomas is engaged in a project to create a heads-up 
display (HUD) for motorcyclists. This project is meant to better enhance the user's 
safety and experience while riding a motorcycle by using several electrical 
components to retrieve data to be displayed on the visor of the helmet. 
 

3.4 Vincent Wingfield 
 
At a young age Vincent Wingfield was subject to the passions of his parents that 
would soon form the bases of his own passions: computers and motorcycles. Born 
in the Netherlands and raised in both Belgium and the Netherlands, however due 
to the strict and rigorous academic requirements of these countries his journey to 
becoming an engineer was not an easy one at the age of 14 he was deterred from 
pursuing higher education in the engineering field by his teachers due to having a 
learning disability, yet he still continued onwards driven by his passions. This same 
drive would later gain him a nomination for the Brain Awards in 2015 for a safety 
device for helmets.  
 
Now at the age of 22, Vincent is rounding of his Electrical Engineering bachelors 
at UCF with plans to become a Professional Engineer and possibly achieving a 
master's degree after a few years in the workforce. Using the skills, he has learned 
from Fontys, UCF and various internships and real world experiences he aims to 
find a way to better mankind's quality of life with the implementation of electronics. 
The VIZOR project will help him better connect human and machine by use of 
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sensors and communication, and more personally as an avid motorcyclist will allow 
a chance to give back to the community. 
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4. Why This Project 
 

Helmets in the world of motorsport have been around for well over a century at this 
point, starting off as little more than leather caps to keep the heads of drivers warm 
and keep out some of the wind noise to the full-face carbon fiber models in the 
world today. The modern day full face helmet can trace its roots back to the Bell 
Star developed back in 1968, but in half a century that design has remained largely 
unchanged. The materials and the shape have been updated but compared to 
other items over the past few decades like cars, refrigerators, watches etc. The 
helmet has seen almost no significant advances in functionality, although some 
companies such as Skully have attempted to bring the helmet in to the 21st century. 
Updating the helmets functionality by adding features to allow for a safer riding 
experience stands is something that resonated with us, in addition the constraints 
such as size, safety and cost add an additional layer of challenge we gladly 
welcomed.  
 
The project tests the ingenuity of the team due to its constraints and large 
communication network, communication will not only be performed between the 
helmet and phone but also between the helmet and the motorcycle and motorcycle 
and phone. Another major factor is power consumption not only regarding the 
helmet but also on the motorcycle battery itself. In addition to other factors that 
play a role for this specific project there is plenty of challenge to be found in each 
aspect of this project to the extent that constant communication with other team 
members to ensure that all components will function together is inevitable. We find 
that the inherit technical and communication the project presents us with will 
translate well in to favorable traits for our future careers.  
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5. Goals and Objectives 
 
For this project, there are several limiting factors that have to be taken into account 
when designing. One of which is complying with state regulations to ensure that 
the final product is something that can be implemented for the public. Heads-Up 
Displays (HUD) are typically designed for automobiles and this project will be 
designed for motorcyclists, so there are automatically a few constraints that come 
along with this decision. First, the entire system must be very compact and 
lightweight in order to fit inside of a helmet without discomforting the user.  
 
Power is another factor that will be a constraint for us since it is impossible to run 
a power cable from the motorcycle to the helmet. This would require an external 
power source that can be easily recharged. It is also important to notice that any 
components that are external to the helmet must be easily detachable for safety 
reasons to reduce further injury to the user in the event of an accident. Two 
separate modules are necessary for this project: one to be mounted on the 
motorcycle itself to control all of the sensors as well as retrieve data from the 
motorcycle to then send wirelessly via Bluetooth to the module in the helmet to 
finally display on the visor.  
 
The software used to control the sensors and the display will be limited to the size 
of the flash memory and Random Access Memory (RAM) of the chosen 
microcontrollers. The library used to interface with the Bluetooth modules, and the 
display drivers will have to be able to fit within the available flash memory, along 
with the code used to execute its functionality.  
 
The hardware used to control the sensors and the display will be limited to the 
Microcontroller Units (MCU) that have the interfaces to support the communication 
between the displays, the Bluetooth modules, and all of the sensors.   
 
The smartphone application will be developed for the Android OS and will be 
limited to the available Application Programming Interfaces (API) for map 
navigation. Availability is restricted for this project since the aim is to develop an 
application to provide turn-by-turn navigation to the users. For example, Google 
has a restriction that their map APIs cannot be used to develop a real time, turn-
by-turn navigation application.  
 
The visor will act as the projection screen using the reflections from the light-
emitting diodes (LEDs) and liquid crystal displays (LCDs). This will create a virtual 
image which can appear to be coming from infinity in the image plane. The HUD 
will need to have variable brightness depending on the external lighting conditions. 
Moreover, the optics system will contain other lenses for focusing. To reduce 
external light, the visor should have a reflective coating on the exterior. This in turn 
will aid the projection of the image. One LCD will indicate navigation and other 
GPS information. The other LCD will display oil temperature and fuel gauge as 
default sensor information. It is a goal to have the sensor information customizable 
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to allow the driver to uniquely curate the information displayed at any given time. 
The LEDs will display speed and revolutions per minute (RPM). 
 
From a corporate standpoint there has already been interest in certain aspects of 
the project, primarily a company called Tripage LED has shown interest in the 
development of the project, more specifically the RPM and shift light indicator and 
making the shift light programmable, this is seen as a major advantage as many 
aftermarket products are often bulky, extremely expensive, or require extensive 
modification to the motorcycle to make it work. This would allow for a cheaper 
alternative with the primary focus being entry level racers as well as allowing stock 
motorcycles to have this ability.   
 
What sets this project apart from other projects and current products in the 
marketplace is the full integration in to the helmet similar to Skully’s concept, 
however rather than using glassware so close to the eyes of the user the display 
is projected directly on to the visor with the use of mirrors and optics. By using 
lenses to collimate and enlarge the images from the OLED display, the system will 
be able to focus the images at infinity. This allows the HUD to be in focus at all 
times for the driver. This helps from a safety perspective as well as adding 
additional challenge to the project in regard to fitment and display.  
 
In terms of power delivery, multiple factors were taken in to consideration, factors 
such as average riding time and weights of helmets. Similar products such as the 
Nuviz boast an 8 hour battery life with light use and 3.5-6.5 with heavy use and the 
Sena headset boasts a 10+hour battery life, however it should be important to note 
that most motorcyclist when asked told us that their average ride time is between 
1-2 hours a day, where most sport bike riders were closer to 1 hour a day before 
taking a break. This allows us to have a decreased battery life for our project, but 
a focus should be put on fast charging speeds. And unlike the Nuviz which notes 
its weight as being 240 gram and is positioned on the front right outside of the 
helmet our project focuses on keeping the weight internal and well distributed 
across the helmet to maintain comfort for the user even under longer rides. 
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6. Requirements and Criteria 
 
This section contains information in regard to the personal criteria set forth for the 
project by the group as well as requirements for the project to be considered a 
success. Each of these requirements listed must be met to a certain degree for 
each portion of VISOR.  

 
6.1 Requirements 
 
In this section, the requirements which are measurable values and constraints of 
the design are discussed for both the motorcycle and the helmet. The motorcycle 
is split in to its respective modules to allow for a clearer view of the expectations 
of each component from both a hardware and software stand point. 
 

6.1.1 Motorcycle Requirements 
 
This section discusses the requirements of the motorcycle that we decided that 
our project must adhere to. They are further broken-down into their respective 
subsystems. 
  
RPM Hardware: 

• The unit will use conduction wire wrapped around a spark plug wire to 
measure rpm 

• The unit must interface directly with the central MCU by means of hardwiring 

• Capable of handling a range of 0 to 16,000 rpms with a tolerance of ±1% 

• The unit will receive power from the motorcycle battery 

• The unit will implement active filters as a means to reduce noise 
 
RPM Software: 

• Allow user to select between 2-stroke and 4-stroke engine types by using 
the application  

• The unit will perform post processing on the data to produce an integer to 
be sent out 

• The unit will only transmit post processed data to the central MCU via SPI  
 
Gear Indicator Hardware: 

• The unit will be mounted in part on the gear lever and in part on the frame 
of the motorcycle 

• The unit will be hardwired to the neutral wire found on the motorcycle to 
detect that condition 

• The unit must interface directly with the central MCU by means of hardwiring  

• The unit will receive power from the motorcycle battery 
 
Gear Indicator Software: 
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• The unit will be able to interpret data from the motorcycle to know if neutral 
is active by measuring the voltage on the neutral wire 

• The unit will only transmit post processed data to the central MCU via SPI  

• The unit will only change data if a new condition occurs  
 
Emergency System Hardware: 

• The unit will be mounted in the storage area 

• The unit will use Bluetooth Low Energy to communicate with the phone 

• The unit will receive power from the motorcycle battery 

• The unit will be able to communicate over Bluetooth Low Energy at a 
minimum of 50 meters. 

 
Emergency System Software: 

• The unit will use a 60% lean angle measurement and 0 velocity to determine 
a crash condition  

• The unit will send a signal via Bluetooth Low Energy to the smartphone in 
the event of an accident 

 
Central MCU Hardware: 

• The unit will receive power from the motorcycle battery 

• The unit will use Bluetooth Low Energy to communicate with the phone 

• The unit will be mounted in underneath the riders seat 

• The unit will be able to function up to temperatures of 80 degrees Celsius 
guaranteed 

• The unit will have a Bluetooth Low Energy connection range of up to 6 
meters 

 
Central MCU Software: 

• The unit will receive post processed data from the individual MCUs 

• The unit will format the acquired data into a single string to transmit to the 
helmet MCU 

 
Sonar Hardware: 

• The unit will have an effective range of a minimum of 5 meters 

• The unit will have an analog output to be computed by the corresponding 
MCU 

• The unit will receive power from the motorcycle battery 
 
 
Sonar Software: 

• The unit will perform post processing calculations to determine whether an 
object is detected in the blind spot or not 

• The unit will only transmit post processed data to the central MCU via SPI  
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6.1.2 Helmet Requirements 
 
This section discusses the requirements of the helmet that we decided that our 
project must adhere to. They are further broken-down into their respective 
subsystems. 
 
Helmet Hardware: 

• The unit will have an effective range of a minimum of 5 meters 

• The unit will be powered by a 7.4V battery  

• The unit will provide power to the OLED display using the battery  

• The unit will be able to operate with temperatures up to 70 degrees Celsius 

• The unit combined with the helmet shall weigh under 2 kg.  

• The unit shall be powered on for a minimum of 3 hours.  

• Heat generated by the system mounted to the helmet shall not exceed 40 
degrees Celsius, to prevent damage to the helmet and maintain comfort of 
the user. 

 
Helmet Software: 

• The unit will be connected to the smartphone and the motorcycle module 
via Bluetooth Low Energy 

• The unit will receive data input via Bluetooth Low Energy  

• The unit will display the received data on the OLED display via SPI 

• The unit will store the RPM count set by the user set through the application  
 

6.2 Criteria  
 
In this section the criteria is discussed. The criteria in this case are objectives 
without a clear indication of how they will be achieved, yet they are objectives that 
the system must be able to complete before being finalized. Similar to the 
requirements section it is split up in motorcycle and helmet criteria which are split 
up in hardware and software. With the motorcycle criteria being divided in to its 
individual modules.  

 
6.2.1 Motorcycle Criteria 
 
This section discusses the criteria of the motorcycle that we decided that our 
project must adhere to. They are further broken-down into their respective 
subsystems. 
 
RPM Hardware: 

• The unit must be able to withstand shock/vibrations caused from the 
motorcycle and road surface 

 
RPM Software: 

• The unit will allow users to select what rpm the shift symbol will display 
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Gear Indicator Hardware: 

• The unit must be able to withstand shock/vibrations caused from the 
motorcycle and road surface 

• The unit must be waterproof 
 
Gear Indicator Software: 

• The unit will be able to interpret user data as either an up or down shift.  
 
Emergency System Hardware: 

• The unit will have an emergency power source 
 
Emergency System Software: 

• The unit will use onboard hardware to measure velocity and lean angle 

• The unit will use set parameters to calculate if a crash has occurred 

• In the event of a crash, the Bluetooth module connected to the 
accelerometer shall communicate with the phone to begin the emergency 
protocol. 

 
Central MCU Hardware: 

• Individual sensors shall be controlled by individual microcontrollers with 
Bluetooth modules to prevent a single point of failure from occurring. 

• All components mounted to the motorcycle shall be selected for universal 
application without requiring the motorcycle to be modified heavily i.e. 
splicing wires, accessing internals, reading ECU etc.  

• Components shall be able to be easily swapped out in case of damage or 
failure 

 
Central MCU Software: 

• The unit will receive data from individual MCUs 

• The unit will transmit the data to the helmet module 
 
Sonar Hardware: 

• The unit will have an effective range of a minimum of 5 meters 

• The unit will have an analog output to be computed by the corresponding 
MCU 

• The unit will be powered using the motorcycle battery  
 
Sonar Software: 

• The unit will transmit data to the central MCU via SPI 
 

6.2.2 Helmet Criteria  
 
This section discusses the criteria of the helmet that we decided that our project 
must adhere to. They are further broken-down into their respective subsystems. 
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Helmet Hardware: 
• Display shall not obstruct view of user. 
• The system shall be safe and not harm the user during a crash. 
• The total cost of the finished project (required components only) shall not 

exceed the cost of primary competitors. 
 
Helmet Software: 

• Sensors being put on the motorcycle shall only display when the user 
toggles them to 

 

6.3 House of Quality 
 
This section is dedicated to the house of quality, which can be seen in Figure 1 
that we needed to create for senior design I. This is a typical six-sigma breakdown 
of the constraints, requirements and specifications and visually analyze their 
influences on each other. This was not altered in the second phase of our project. 
 

 
Figure 1: House of Quality 
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7. Competitors and Similar Products 
  

Nowadays, HUD in the motorcycle world can't be mentioned without also 
mentioning Skully as they were among one of the first to attempt to implement 
HUD in a motorcycle helmet. However, their company went bankrupt and the 
product no longer exists on the market and therefore will not be considered as a 
competitor in this section but instead be given an honorable mention here as being 
one of the first.  

 
7.1 NUVIZ 
 
NUVIZ was founded in 2013 by optics engineers in an attempt to become the 
leaders in the HUD market for motorcyclists. Unlike Skully, their product is a 
standalone module that is able to be attached to most helmets, functionality of the 
system allows the user to have GPS, audio, and recording. GPS and audio 
functionality is done by using the user’s cellphone while recording is done with an 
onboard camera. The system uses an internal CPU to run the applications and has 
a claimed 8 hours of battery life. Where the NUVIZ succeeds is by having a product 
that is marketed at the more affordable price range for this level of equipment as 
well as having it be attachable to different helmets, similar to the SENA systems 
used by motorcyclists for audio. 
 
 Where the NUVIZ falls short is the mounting of the system with all the weight on 
the front right side of the helmet which causes drag issues at highway speeds as 
well as causing a balance issue in addition the module is removable and external 
which in turn means that the module should be removed to safely transport it to 
minimize damage such as scratches to the glassware. Our design intends to 
counter this issue by having the glassware mounted internally and the display 
being presented on the visor of the helmet itself. Additional circuitry will be 
mounted externally as well but mounted on the rear of the helmet to decrease wind 
drag. 

 
7.2 LiveMap 
 
The closest competitor to our project, using similar technology as we intend to use 
and keeping the full design internal. The primary difference being that Livemap is 
similar to Skully in regard to the fact that the design is built in to the helmet. The 
primary downside is that not all helmets designed by a company will be up to safety 
par and in addition fit and finish of these helmets are not always comparable to 
helmets in similar price ranges. The second negative is the price point is well 
beyond the cost of most helmets and putting it out of range for many riders. Our 
product differs in the fact that our technology is mountable to different helmets and 
functions closely to Livemaps system at a lower price point.  
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7.3 UCF Smart Helmet 
 
Another honorable mention goes out to the UCF smart helmet designed by another 
group of UCF students developed from Fall 2016 to Spring 2017. The primary 
difference between their project and ours is that all of our HUD material is internally 
mounted. This project focused on similar objects as ours with a focus put on 
keeping it below a $500 price point. 
 
All the similar products in their own right are successful products yet all of them 
miss something that our project does put emphasis on. And that is the data being 
relayed from the motorcycle to the user to allow a better connection between rider 
and motorcycle which in turn allows the rider to keep their eyes purely focused on 
the road and not on things like the dash etc. Which in turn leads to a safer riding 
environment. 
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8. Major Technologies Related to This Project 
 

VISOR will use a variety of commonly used technologies in order to meet the 
requirements specified. Each of these technologies have been proven to be 
successful in a variety of applications that relate to the goal and objectives of 
VISOR. Each of these technologies described below have had a great amount of 
success in their respective applications which ultimately gave it an edge when 
selecting the different methods used to go about this project. Their reliability and 
popularity provide the best possible option for VISOR's needs. 
 

8.1 Sonar Detection 
 
One of the most intriguing technologies that will be implemented in VISOR will be 
sound navigation and ranging (Sonar) as a detection device. Sonar utilizes a 
technique in which an ultrasonic soundwave is propagated to detect objects within 
a certain range as well as their location. There are two types of sonar devices that 
exist, and both have different applications. Passive sonar essentially only receives 
these ultrasonic soundwaves and can determine where the object that is emitting 
these frequencies is located. On the other hand, there is active sonar which 
propagates the ultrasonic soundwave and waits for the echo. The time it takes for 
the echo to come back to the sensor can be used to calculate the distance given 
the speed of sound. 
  
In the automotive industry, sonar has become popular with recent developments 
in automobile technology. Parking assist devices that have been implemented in 
newer vehicles use sonar in order to conduct its tasks. The principle is very similar 
in which a sonar device is used to propagate ultrasonic soundwaves to its 
surrounding s to map out the surroundings. This data that the sonar sensor 
retrieves is then used to help drivers sense how far the car is from surrounding 
obstacles to avoid a possible collision.  One of the world’s leaders in the automotive 
industry, Toyota, uses this technology for it sparking assist systems by using 
multiple sonar sensors in a strategically designed array around the vehicle to take 
measurements of its surroundings when the parking assist system is in use [3]. 
  
The positive aspect of using ultrasonic frequencies is that they typically face very 
little interference since ambient sounds typically reside in the 0 to 25kHz region. 
The higher the frequency of the soundwave the sensor propagates, the more 
reliable and accurate the readings will be for they will face the least amount of 
interference. A commonly used frequency used for sonar is 40kHz which provides 
a balance of low power consumption and high performance. 
  
Sonar is an excellent option for VISOR’s blind spot detection system for its ease 
to use, install, and sustain. Using this technology provides VISOR with a cheap yet 
very accurate and reliable detection service. Other detection sensors such as 
infrared or LIDAR face issues with either reliability of the sensor and/or costs. A 
typical sonar sensor will cost roughly between $15 to $30 depending on the quality 
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of the sensor. When compared to other detection technologies such as LIDAR, 
one can experience costs as high as 3 to 4 times that of sonar sensors. As far as 
reliability, sonar does not depend much on ambient conditions since sound works 
essentially the same in almost all conditions. In reality, sonar works even better in 
humid/wet conditions since sound travels faster through water than it does through 
air. All in all, sonar is a technology that has been used in a variety of different 
applications whether it is in the automotive industry or even military.   
 

8.2 HUD for Jets/Aviation  
 

The most common form of head-up display for aviation is simply an out-of-sight 
display screen reflected in a transparent flat sheet of glass in the viewer’s line of 
sight out the cockpit front window. The display is tailored for that specific use. It 
must avoid obscuring the view. Therefore, it mostly consists of minimal light-
colored lines and numerals/letters against a dark background. The dark 
background allows the pilot to see through the reflection to brighter objects outside, 
similarly like the matt black upper surface typically found on many car dashboards 
which prevents distracting unwanted images of the top of the dash being reflected 
into the driver's view out of the windscreen.  
 

The glass sheet is called a combiner. It combines the HUD information with the 
view out of the aircraft. There are coatings for glass which allow for reflecting a 
monochromatic image while allowing transmission of other colors. The concave-
shaped combiner glass is coated with an anti-reflection coating material that 
reflects green. The coating reflects green to illuminate the HUD’s symbolism, 
because the human eye is most sensitive to that color. 
 

The HUD projector attached to the ceiling above the pilot contains a backlighted 
liquid-crystal display as the light source to aim the flight data at the combiner 
screen. The LCD aims the information forward, focusing it through a series of 
multiple relay lenses aligned non-symmetrically. As the light hits the combiner 
glass, the rays of light are forced to align themselves in parallel rows to an infinite 
point in space, a little trick that prevents the pilot from needing to refocus his eyes 
as he peers through the screen. That alignment of the light is referred to as 
collimation. The lateral field of view can vary from 15 degrees to as much as 21 
degrees either side of the nose. Vertically, it ranges from 24 to 30 degrees. Older 
HUDs use cathode ray tubes to project the operational data but are quickly being 
traded for LCD light sources. CRT projectors are much heavier and don’t produce 
images nearly as sharp as those from an LCD.  

 
8.3 Tachometer for Dirt Bikes 
 
Not the most exciting technology used in this project but still one that holds some 
central focus for our concept. These systems use anything from a dedicated 
inductive pickup sensor to plain wire to measure the pulse coming from the 
sparkplug wire which then runs to a microcontroller of some sort to convert the 
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measurements from 4-stroke or 2-stroke to RPM output as well as measuring the 
number of hours the engine has been running. The reason this is popular with the 
dirt bike community is due to the engines often requiring full rebuilds after being 
run for a certain number of hours and very few off road vehicles come with any 
measurement of RPM so working on a dirt bike becomes a lot harder. In addition, 
this simple technology allows for a low-cost non-invasive method of measuring 
RPM on a vehicle. This is important to note since other methods to measure RPM 
often revolve around tearing in to the engines internals and placing probes often 
discouraging riders from attempting this method. As mentioned before the 
technology required to run this system is bare bones at best, making it ideal for our 
application since it allows us to keep the cost down and allow us to take 
measurements from the motorcycle with no interference in to its internals. An 
improvement we may try to implement over the simple wire-wrapped-around-
sparkplug technique might be to get a dedicated inductive pickup IC or pulse 
transformer IC to allow for a cleaner signal to be measured. But these 
improvements are dependent on time and cost of components involved compared 
to the percentage improvement perceived. On a final note these systems are 
usually not used on high revving engines often found in sport bikes therefor it is 
crucial to adapt this technology to receive as clean as signal as is possible. 
  



   
 

19 
 

9. Wireless Data Transmission Options 
 

For wireless data transmission of the sensor data and the map navigation data 
between the helmet module, the motorcycle module, and the smartphone 
application, several options were researched to ascertain the most viable option 
for our system. Each of the options mentioned are very popular options that have 
been used in a variety of applications in recent times. Speed, range, power 
consumption, and communication protocols all are factors that are investigated to 
ultimately choose the best option for VISOR. The options investigated for VISOR 
are Wi-Fi, Bluetooth, and Zigbee since they have all been proven to be very reliable 
forms of wireless communication between devices within a small range. 
 

9.1 Local Area Network (LAN) - Wi-Fi 
 
Creating a LAN using a Wi-Fi module for our system was an option that was 
researched. The advantages of a LAN are that the distance that it is capable of 
communicating is up to 200 feet, and can throughput data from 1 to around 
1,331Mbps per second depending on the version. The disadvantage was the 
power consumption by the communication module used to connect to the LAN 
since they broadcast to a very wide range. Transmitting the same amount of data 
would cost about 40 times the power for Wi-Fi than Bluetooth. The advantages 
that a LAN offers would not be used properly for our application, since our system 
is designed to be centered around a motorcycle with a rider’s helmet interacting 
with the module on the motorcycle. The communication range would be less than 
50 feet, since the data wouldn’t be necessary unless the user is physically driving 
the vehicle on the road, in which case the user wearing the helmet will be mounted 
onto the motorcycle. The speed of communication would not have to be anywhere 
close to the 1,331Mbps that it offers, and the power consumptions due to these 
powerful specifications would only be wasted if we were to implement our system 
using a Wi-Fi module. With the constraint that the module on the helmet would be 
battery powered, we aim to minimize power consumption by only using what we 
need. Although sending data would be relatively easy due to the protocols 
established for transmitting data through Wi-Fi, the task can be accomplished with 
other transmission methods.  
 

9.2 Bluetooth  
 
Using Bluetooth as our form of communication was an option that was researched. 
The advantage of using Bluetooth was that the power consumption would be lower 
if we were to utilize Bluetooth rather than Wi-Fi technology. Bluetooth is capable 
of transmitting to a range over 200 feet, and at a speed of around 2-3Mbps. 
Compared to Wi-Fi, the speed is reduced significantly. However, the range and 
speed that Bluetooth offers would not be considered a disadvantage for our 
application since we will be communicating in a range less than 50 feet, and the 
transmission speed of 2-3Mb will not be an issue due to the amount of data we are 
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transmitting being fairly low. Along with Bluetooth, Bluetooth Low Energy (BLE) 
was also researched as a possible solution for our communication. The throughput 
of BLE is around 200kilobits per second, which is much lower than classic 
Bluetooth communication. However, the throughput being around 200kbps should 
not be an issue for the amount of data that will be sent. The major advantage of 
BLE is the significant reduction of power consumption compared to classic 
Bluetooth. The advantage of having low power consumption is extremely valuable 
for our helmet module, as well as our smartphone application. The smartphone 
running the navigation application would have reduced battery usage, as well as 
the helmet and motorcycle module consuming less power as well. The software 
developer of the team, Kyle also has experience working with BLE, and would be 
able to implement designs quicker compared to other forms of data transmission.  
 

9.3 ZigBee 
 
Using ZigBee as our form of communication was an option that was researched. 
The advantage of using ZigBee was that the communication range was at most 
100 meters. The disadvantages were that they had higher latencies due to their 
mesh topologies, and their power consumption is 10 times higher than BLE. Also, 
the majority of smartphones do not support ZigBee without a module attachment. 
The aim of the project is to be able to support the current configurations of 
motorcyclists, and the need of purchasing a separate module would not be idle for 
the ease of use for the users. The long range that it is capable of supporting would 
not be as useful for our system due to the close proximity the modules will be. 
ZigBee is widely used in home networking systems, and has many features that 
allows it to accomplish the task very well. The advantages that ZigBee offers will 
not be utilized well in our system, and thus will not be used for our modules.  
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10. Interface System 
 

The interface system for VISOR will provide users with a user-friendly interface 
that will allow them to customize their experience with VISOR. Giving users this 
power will guarantee an overall greater experience using the technology that 
VISOR offers. This user interface will be created using a smartphone application 
that can be accessed by a single touch of a button. The goal of this user interface 
system is to allow users to customize the data that can be displayed on the OLED 
given several options from the multiple sensors installed on the motorcycle. 
 

10.1 Application Use  
  
The smartphone application will be operated by the user to enter in map navigation 
information and select the desired sensors to display the output of. The application 
would need to be able to utilize a GPS module on the smartphone to locate the 
current position of the user and track them while they are in the navigation session 
to their desired destination. Also, the application would need to be able to utilize a 
BLE module on the smartphone to transmit and receive data from the components 
on the motorcycle and helmet.  
  

10.1.1 Android OS  
  
Smartphones with the Android OS are used worldwide and continue to increase in 
popularity. Most of the current Android smartphones include a GPS module, and 
starting from Android version 4.3, they are capable of BLE communication. These 
two components make Android smartphones a viable platform for our application 
that will be interfaced with the motorcycle and helmet. Application development 
could be done using the Android Software Development Kit (SDK) that is based 
on the Java programming language. Kyle, the team’s software developer has 
experience with the Android SDK, and will allow the team to accomplish rapid 
prototyping of the system. The challenge of developing on the Android platform is 
that development of applications tends to take longer than iOS applications due to 
the wide variety of devices that run the Android OS. Android smartphones have 
varying screen sizes and performance specifications, as opposed to the iPhones 
running the iOS. It will be challenging to design the application to be compatible 
with all active Android devices. However, for the purpose of this project, a small 
subset of phones can be the target for development and would eliminate the need 
to cater to all types of Android devices. 
 

10.1.2 iOS  
  
Smartphones running the iOS are used worldwide as well and are increasing in 
popularity as well. Smartphones that are produced after iPhone 4S support BLE 
communication, and they also include a GPS module. These two components also 
make iOS smartphones a viable platform for our application that will be interfaced 
with the motorcycle and helmet. Application development could be done using the 
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Swift programming language. Kyle does not have experience with the 
programming language and would need to spend time learning the language 
before producing a working application. This would add additional time to the 
prototyping of the system. With the time constraint that we have on the project, this 
factor will be taken into account when considering the platform for our smartphone 
application. The advantages that developing for the iOS platform offers is that 
applications will be able to be monetized better due to the demographic of people 
owning iOS smartphones, and also the ability to deploy the application onto the 
market quicker. Although these advantages are beneficial, they will not be 
important for our project initially. Our focus currently is to develop a fully functional 
prototype of the system, and not to monetize our system as of now. Additionally, 
to develop on the iOS platform, it is necessary to become a member of the Apple 
Developer Program, which has a cost of $99. This factor will also be taken into 
consideration, since the project aims to minimize the development cost while 
producing a high-quality working product.   
  

10.1.3 Map API  
  
The most popular application for navigation on smartphones is Google maps. The 
application allows users to enter their current location and their desired location 
and provides turn-by-turn navigation to the user. Google has their Maps API freely 
available for use and can be utilized to create applications that includes their maps. 
However, they explicitly state that their API cannot be used to create a turn-by-turn 
navigation application. Thus, their API would not be able to be used for the project’s 
smartphone application. Skobbler by Scout has an SDK that can be used to create 
an application to accomplish turn-by-turn navigation. They have many different 
customizable options for the map display and works similarly to Google maps. 
However, their SDK is for paying customers only, and requires a plan to be able to 
access their SDK. Also, currently, the SDK is being migrated to a newer SDK and 
cannot be used until the migration is complete. Mapbox Navigation has an SDK 
that is built on top of their Mapbox Directions API and will allow the integration of 
a turn-by-turn navigation system into an Android application. It is open source, and 
Mapbox provides useful tutorials on how to get started with their SDK. The SDK is 
available both on the iOS and Android platforms. 
  

10.1.4 Development Environment  
  
As a rapid prototyping project, there is a strict time constraint to produce a working 
product. The advantage of the Android platform is that Kyle has experience in 
developing an Android application that uses BLE. The Android development will 
be done using the Android Studio Integrated Development Environment (IDE), and 
the Android SDK. The target Android version for our smartphone application will 
be the same as the smartphone owned by Kyle. It will allow the application to be 
tested without the need of acquiring another smartphone. The Android version will 
be Android 7.0, which is the same version that is running on a large amount of 
Android phones currently being used. With Android’s backwards compatibility, an 
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application developed for Android 7.0 will be able to run on future versions of 
Android, as long as the methods used in the application are not deprecated in that 
specific Android version. 
  
The Mapbox Navigation SDK will be used to integrate a turn-by-turn navigation 
system into our application. The data would then be sent to the helmet module to 
be displayed onto the HUD. The SDK is free to use, and provides large amounts 
of information on how to use the SDK, and will allow the team to accomplish rapid 
prototyping. The current location can be obtained from the smartphone’s GPS 
module, and the destination will be able to be entered in as a coordinate. The SDK 
will allow the tracking of the user as they follow the navigation route, and the 
instructions can be obtained and displayed as they progress through the route. 
The integration of BLE into the Android application will be possible with the 
thorough documentation that is available online, and the sample code that they 
provide. The challenge will be the control of 2 simultaneous BLE connections 
occurring from the smartphone. In the future, after the Android application has 
been developed and is fully functional, the software design could then be ported 
to the iOS to expand the usage of our system to those users as well.   
 

10.2 OLED Display 
  
The main appeal to use an OLED as the display for our Senior Design Project it 
the fine details and resolution that are achievable. Moreover, the part number we 
selected has a plethora of documentation available. We will use the documentation 
to aid in our programming of the display. By efficiently programming the display of 
the data, we can efficiently use the display to its full advantage. The data that we 
strive to illustrate to the driver are RPM (Revolutions per Minute), gear indication, 
blind spot monitoring, speed, navigation, and battery life. This set of data we wish 
to display stems from the general response of other motorcyclists’ opinion on which 
data sets they would prefer to be displayed to them rather than looking down at 
the dashboard.  
  

10.2.1 RPM 
  
To display the RPM measurement, we will be connecting to the ODT sensor on 
the motorcycle. This sensor transmits all the pertinent data about the engine. This 
readout will allow us to measure the RPMs of the motorcycle itself. Our goal is to 
display this information in terms of a bar graph. As the RPM increase, the bars 
would increase as well. In addition, once it passes a certain predefined threshold, 
the colors of the bar graph will start turning to warmer hues of color. For example, 
in the lower range of RPMs the graphs will appear with a green hue, as revolutions 
increase, the colors will start showing a gradient to yellow, orange and eventually 
red. This will indicate that the driver is operating the motorcycle in the “red” band, 
or maximum revolutions, of the engine. Having your engine in the maximum range 
of RPM is damaging to the engine itself and, potentially, the driver will be 
susceptible to danger. By knowing the RPM data, we can accurately discern the 
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performance of the engine and allow the user to define a threshold value of RPM 
to indicate the driver to initiate a gear change.  
  

10.2.2 Gear Indicator 
  
Another feature that most motorcyclists shared to implement in our design is to 
display the current gear that the driver is currently engaged. Typically, drivers 
would need to keep track of the gear that they are in. We are going to develop a 
way to track the gear that the driver is in by having a continuous loop running based 
on RPM readings and the way the gear pedal moves. The loop will output a number 
(1 through 6) or the letter “N” for neutral as the default case. We will section an 
area of the display to generate this image and have the information available for 
the driver as a reference. It is our goal that by displaying this information to the 
user, that they will be more focused on the road rather than which gear they 
currently have selected.   
  

10.2.3 Blind Spot Monitoring 
  
As safety being a top priority for our project and main inspiration for developing 
this prototype, we are striving to incorporate a method to alert the user of an 
obstruction that is near them. Often, these obstructions are other vehicles on the 
road. Since the motorcycle has no metal structure surrounding it, there is no “blind 
spot” per say. However, for the user to see what is to their side or behind them, 
the driver would need to completely turn their head. This naturally creates a safety 
concern for the motorcyclist and other drivers on the road. Although there are side-
view mirrors on the motorcycle, they do not completely show everything that is 
behind them. In fact, most drivers would comment that the mirrors are there for 
show and offer no real utility. Therefore, we will implement sonar sensors that are 
able to detect objects from 20 yards away but only inform the driver of immediate 
danger once the 10-yard mark is breached. At this point, the display will flash a 
yellow symbol either on the left or right side of the HUD. This way the driver will 
intuitively realize which side is the other vehicle is located. The rate that the symbol 
will be blinking will be in relation to how close the other vehicle is in relation to the 
sensor.   
  

10.2.4 Speed 
  
Similarly, with how we extract information regarding the RPMs from the 
motorcycle, the ODT sensor also provides speed information. The speedometer is 
a gauge that indicates the current speed that the vehicle is traveling. We are 
developing methods to analyze that data from the ODT sensor and transmit that 
information to the display. The display will then project the speed on to the visor 
as a way for the driver to always be aware at the current speed at which they are 
riding. By having this information in view, the driver will have better understanding 
of the situation around them. We are striving to have the driver be aware of their 
speed and obey the speed limits and other traffic signs. Our HUD will act as a 
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digital speedometer and display their current speed in real time. The speed will be 
indicated with green digits, since that is the color human eyes are most sensitive 
to view.  
  

10.2.5 Navigation 
  
Another feature that we are going to implement is having a map of the area around 
the driver and display it on the HUD as if it were a mini-map. Moreover, if the driver 
uploads a route that they wish to follow, then the HUD will display the route in its 
entirety and help guide the driver to their destination. Currently, if a motorcyclist 
wanted to navigate from location to location, they would either need to have the 
route memorized beforehand, have a physical map, or have a GPS on their phone 
transmit the voice commands to their speakers inside the helmet. Now we are 
implementing a way to have navigation being displayed in the HUD so that the 
driver can have a reference of their location and where the route is taking them. 
An additional feature would be to provide turn by turn navigation on the HUD itself 
for the driver to be more aware of the route they are traveling. This will also help 
in guiding the driver to their destination effectively. Fully immersive navigation 
system with turn signals indicating the turn that they would need to make in a given 
amount of distance.   
 

10.2.6 Battery Life 

 
Lastly, a feature that is pertinent into the design and operation of the HUD is 
monitoring the battery life of the display. The display is determined to have the 
largest power draw of the whole system. Having identified the part with the most 
draw, we will indicate a battery symbol or battery percentage (this is an option that 
the user can decide how they wish to have the battery information displayed). By 
having the total battery capacity know, we can estimate the time it would require 
to completely drain the battery. Using that range, we will be able to accurately 
display the amount of battery life remaining for the display. The battery pack itself 
will also give a reading on its battery life. However, the battery pack is mounted 
behind the helmet, completely out of view from the driver as they are riding. As a 
critical indication of low battery life, the battery symbol will turn red, have a caution 
sign inside of it and start to blink. This critical state will be determined when there 
is only an estimated 30 minutes left of battery life remaining. 
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11. Electrical Component Selection 

 

The following will discuss the different components that were researched for the 
purpose of this project. The researched information will be used to differentiate the 
options from each other, and the optimal component will be selected and 
implemented into the final design of the project.  
 

11.1 MCU 

 
There are several MCUs that are a part of the design for the helmet and motorcycle 
module. The requirements for the MCUs vary by the functionality they are 
implemented to accomplish.  
 
The helmet module is required to be able to drive the display for the HUD and 
receive the navigation and sensor data via BLE. The display selected will be 
interfaced via Serial Peripheral Interface (SPI). The BLE module will be interfaced 
through a digital I/O interface. The RAM required to drive the 128x128 display is 
estimated to be about 2KB.  
 
The motorcycle module is required to be able to read the data from the various 
sensors and transmit that data to the helmet module via BLE. It also needs to be 
able to send a signal to the connected smartphone to request emergency 
assistance in the case of a crash.  
 

11.1.1 ATmega328p 

 
Due to the wide variety of functions that the system is expected to perform and 
various measurements the system takes finding a microcontroller that would be 
able to handle all of this proved to be a challenge. One of the controllers we looked 
into is the ATmega328p which is known widely in the hobbyist and professional 
circles to be an extremely capable micro controller. Sporting a 20MHz clock, 2kB 
of SRAM, 23 I/O ports and plenty of support in the form of books, videos and 
forums.  
 
The ATmega328p has been the primary choice for various other projects that 
require a cheap and reliable controller. In addition, its low power consumption and 
voltage requirements means it is ideal for mounting it somewhere where it may be 
reliant on a small battery power source. However, documentation on vibration-
based damage is non-existent which is not ideal due to the mounting location for 
these devices, however the chip is said to work up to 105 degrees Celsius 
according to its datasheet which works well since the chip is intended to be 
mounted close to the engine of the motorcycle. On a final note the 328 is widely 
used in the Arduino line up coming back to the point that information on the chip is 
widely available.  
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11.1.2 ATmega1284p 

 
Another chip brought in to consideration for this project is the ATmega1284p, 
sporting 16kB of SRAM, 32 I/O ports with a 20 MHz clock. But unlike the 328 
documentation and support is a far harder to find which could present issues when 
trying to program this chip or set it up to work with other components. However, its 
large amount of SRAM means it is an asset to be used to run the displays any of 
which will be using well over 2kB of RAM to operate. Power consumption and 
voltage requirements are both low enough for them not be a concern when it 
comes to running them from a battery source, an additional decision factor for this 
chip is the fact that it comes in a PDIP format meaning it is easy to replace and 
reprogram as the need arises. In addition, the maximum temperature for this chip 
is 85 degrees Celsius according to its datasheet meaning that if it were to be 
mounted on the helmet location meaning it is well within the expected temperature 
range the rider would be subject to. 
 

11.1.3 ATmega2560 

 
The ATmega2560 has 8kB of SRAM, a 16MHz clock speed with 86 I/O ports in an 
SMD package. A powerful chip at a low price point with its primary downfall coming 
in the form of it being an SMD package meaning mounting and programming will 
be harder. The chip is also found aboard the Arduino Mega line which in turn has 
a support of multiple forums as well with Arduino themselves meaning information 
should be easy to obtain. The temperature range for this chip is identical to that of 
the 1284 meaning it is rated up and till 85 degrees Celsius meaning for helmet 
mounted operation it would be well within range of what the rider is expected to be 
subjected too however for motorcycle mounted application the performance of the 
chip would be able to much for any singular purpose. The primary reason being 
that mounting of the device and shielding it from potential damages including 
replacements are made harder, as is mentioned earlier, due to the SMD package. 
As a central MCU functionality it would be ideal to use as it has plenty of I/O ports 
to use.  
 

11.1.4 MSP430 

 
The MSP430G has 512B of RAM, with an 8MHz clock speed and 24I/O ports. The 
primary benefit of this chip is the fact that it would allow easy access to program 
on to without the need of an FTDI chip since the same chip is used at UCF. Access 
to information and professors with knowledge of the chips functions is very 
common and easily accessible. In addition, most members of the group have at 
least one MSP430, meaning it would lower the overall cost of the project. However, 
the chip would not work for at least one component of this project, the RPM reader, 
for which its clock speed and RAM are barely sufficient and could fail under heavy 
load. Although its primary positive is the ability to program these chips without the 
use of a FTDI chip the same could be done with an ATmega328p. However, the 
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PDIP of this chip and owning the breakout board do allow for easy testing and 
replacing.  
 

11.1.5 PIC32 

 
The PIC32 family line has an abundance of RAM, clock speed and I/O ports with 
values ranging from 16kB of SRAM up and till 640 kB SRAM with an additional 
128MB of DRAM, clock speeds reaching from the low 16MHz range all the way till 
200MHz. In short, the PIC32 family is an extremely powerful chip family that would 
provide more than enough support for any applications/functions we intend on 
running and would be capable of allowing everything to be run on a singular chip. 
Although the support community around this chip is noticeably smaller and almost 
no projects in a similar vein such as ours are done with this chip it is still a 
worthwhile consideration from a budget perspective and with certain chips being 
able to withstand up to 125 degrees Celsius, due to being designed for automotive 
use, would make an ideal choice if the system needs to be simplified down to a 
single chip rather that multiple. 
 
11.2 Voltage Regulator 
 
Due to the fragility of the components used in this project, it is important to take 
into consideration the protection of these components when it comes to supplying 
power to them. Applying to high of a voltage could cause permanent damage and, 
in some cases, could even be dangerous to the user if the failure is grave enough.  
 
To solve this issue, linear voltage regulators are used to provide power rails at 
different voltage levels depending on the components needs. Since most of the 
components used for this project require 5V, a 5V voltage regulator will be used to 
drop the voltage coming from the source whether it’s the 7.4V lithium-ion battery 
or the 12V lead acid battery. The voltage regulator chosen for the 5V power rail is 
the LM2940 voltage regulator by Texas Instruments.  
 

11.2.1 LM2940 Voltage Regulator 
 
This 5V voltage regulator is provided in both a through-hole packaging as well as 
a surface mount packaging which is essential in order to conduct testing and 
development of the final product. It has a very appealing quality that it has a small 
dropout voltage which is important to have when dealing with a battery as your 
power source. The LM2409 voltage regulator only has a dropout voltage of 1V 
compared to the 2V dropout voltage of the popular LM7805 voltage regulator. 
Since the 7.4V battery suffers from a voltage drop over time as it discharges, the 
LM7805 would not be able to work once the battery drops below 7V. This results 
in a waste of resources since it would require recharging the battery without having 
a real need to.  
With the LM2409, the battery will be able to discharge down to 6V without having 
issues with the regulator and still being safe from the danger of discharging the 
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battery too much. The calculated current draw from the devices being powered 
from the 5V power rail is roughly estimated no more than 100mA. With this in mind, 
it is important to consider the maximum output current that the voltage regulator 
can produce. The LM2940 has a maximum output current of 1000mA which means 
that it should be able easily provide the necessary power that the ATmega1284p 
and the Bluetooth module require. 
 

11.2.2 TPS7230 Voltage Regulator 
 
Another voltage regulator would be required in order to step down from the 7.4V 
battery to 3V. This power rail would be used primarily to power the OLED display 
inside the helmet since it requires 2.8V in order to work. For this voltage regulator, 
we can be a lot more lenient with the dropout voltage since the voltage of the 
battery will not be getting anywhere near the value of 3V. After researching, the 
TPS7230 voltage regulator was found to be the best fit. This regulator is also 
available in either a through-hole packaging or surface mount packaging. It has a 
max current output of 250mA which although it is small in nature, it is enough since 
it will only be supplying power to the OLED display which requires roughly 160mA 
in order to function. With a maximum dropout voltage of 1.1V, this regulator will 
safely work until the battery discharges at 6V. 
 

11.2.3 Efficiency 
 
A major factor that must be taken into consideration is the efficiency of the voltage 
regulator. A great indicator of the efficiency of a linear voltage regulator is by 
looking into the quiescent current. This value is essentially current that gets wasted 
as it is driven straight to the ground rail. In an ideal voltage regulator, the current 
going into the voltage regulator is equal to the current coming out of the regulator. 
The smaller the rated quiescent current of the voltage regulator, the better.  
 
For the LM2940 voltage regulator, it has a quiescent current of 10mA for input 
voltages within the range of 2V and 26V. A 10mA quiescent is slightly higher than 
normal, especially when compared to the quiescent current of the 7805 voltage 
regulator (5.2mA). However, it is still a small value that should not affect the overall 
efficiency of our system. On the other hand, for the 3V voltage regulator, the 
TPS7230 has a very low quiescent current of only 0.225mA. This very small 
quiescent current is essential for this specific voltage regulator since the overall 
efficiency in terms of power is affected since it is a larger step down going from 
7.4V to 3V. Having a larger quiescent current will only minimize the efficiency of 
the system even more so. 
 
Another factor to consider with regard to efficiency when dealing with voltage 
regulators is the heat dissipated. The more heat dissipated by the voltage 
regulated results in more power lost to the ambient surroundings. The expected 
output power from the LM2940 is roughly 1 Watt to the load. According to the 
thermal information of the LM2940, there is 40.9°C/W of thermal resistance from 
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junction to the ambient which is definitely something to be aware of since this 
regulator will be installed on the helmet of the user. Too much heat can cause 
issues with other components as well as applying heat to the user's head. 
Calculating the power dissipated through heat when using the LM2940, at an 
ambient temperature of 35°C, it was found to be about 2.8W which is relatively 
low. For the TPS7230, the thermal resistance from junction to ambient is 172°C/W 
which is much higher than the thermal resistance of the LM2940. This higher 
thermal resistance results in a lower amount of power dissipated through heat at 
only 0.67W. 
 

11.2.4 Protection Circuit 
 
When dealing with voltage regulators feeding off of a battery, it is crucial to take 
into consideration the stability of the signal as well as the possibility of feedback 
going into the battery. If not taken care of, there is a high risk of damage to the 
battery which can result in heating or even explosion. To handle this issue, a 
protective circuit must be built around the voltage regulator. This can be seen in 
Figure 2 below. 
 

 
 

Figure 2: LM2940 Voltage regulator with protective circuit 
 

The goal of the protection circuit is to manage the output and input voltages. If the 
output voltage is greater than the input voltage, the voltage regulator could possibly 
be destroyed. The capacitors C1 and C2 are there primarily when the system is 
powered off and on by holding the charge until the next time the system is powered 
on. Another major component in the diagram is the diode D1. Under normal 
circumstances, the diode is in reverse bias as V is greater than Vout. However, in 
the case that Vout is greater than Vin, the diode is then in the forward bias mode. 
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This redirects the current to go back into the voltage regulator instead of going 
directly into the voltage regulator by going through the output terminal. 
 
One issue that arose with the TPS7230 3V voltage regulator was the availability of 
the package size on EAGLE to eventually design for the PCB. Using the TPS7230 
would involve a lot more effort in designing the PCB and for that reason the 
regulator instead. Instead, it was decided to find a voltage regulator that has similar 
characteristics but that has the package size available in the EAGLE libraries for 
simple implementation. After conducting research, the REG102 3V voltage 
regulator was chosen for it had the most similar characteristics to the TPS7230. In 
Figure 3 below, a schematic can be seen for how the REG102 will be implemented 
in the design.  
 

 
 

Figure 3: REG102 Voltage regulator with protective circuit 
 
It is important to notice that the REG102 regulator does have an enable pin that 
needs to be set high in order for the 3V output to be enabled. The datasheet states 
that the enable pin can be set at pretty much any voltage level, however, setting 
the enable pin voltage equal to the input pin voltage can damage the regulator. To 
overcome this issue, a 5V line from the LM2940 output is used for the enable pin 
of the REG102. 
 
With regulated voltage, all of the electrical devices are ensured with a stable signal 
to help ensure the functionality of all of these devices. This helps prevent critical 
damage to all devices and ensures the overall reliability of the entire system which 
once again is the most important factor to consider when dealing with the safety of 
people's lives. 
 

11.3 Display 
 
The display for the system forms the proverbial heart of the heads-up display, 
because of its central role to the system a lot of consideration goes in to multiple 
factors such as: Maximum lumens, form factor, information available (repositories, 
documentation, examples, support network), cost, clearness of the displayed 



   
 

32 
 

images. Due to the location of the display being internally mounted inside of the 
helmet the size constraints are one of the primary requirements that must be 
considered before making any further choices. The ideal size would be around 1 
inch to 1.5 inches square as this is the size that would allow it to be mounted with 
minimal changes to the helmet internals. Another factor would be pre-drilled PCB 
mounting holes to help with mounting and area allocated to the display, other 
considerations such as power consumption due to the system running of a power 
supply and reflective of the screen are looked in to.  
 

11.3.1 NHD-1.5 
 
The NDH-1.5 is a full color OLED with a 128 by 128 pixel amount, pre-mounted to 
a PCB with a pre-drilled holes for easier mounting. A total size of 2.01 by 1.7 inches 
slightly exceeding the maximum limits that are set for the system. It will be able to 
run at a 3V input with a maximum current draw of 330 mA, but typical values are 
closer to half that at 160 mA. Both values are low enough for our battery to still be 
able to power the system for our 3-hour target range considering that the display 
is also the largest power consumer on the helmet. However it should be noted that 
these measurements are for a 25°C but considering the close proximity to the 
human body in an enclosed space with minimal airflow to help cool down the 
system temperatures are sure to be closer to 35°C depending on external 
temperature conditions, leading in to the next section, the operational 
temperatures of the device is set from -40°C to 70°C which are well within the 
range of expected operating temperatures the devices will be experiencing. In 
addition to the electrical characteristics and physical characteristics mostly falling 
in line with the requirements listed the NDH-1.5 has plenty of documentation from 
datasheets to short tutorials on how to program and display data on the screen. A 
potential downside of this system might be the passive matrix meaning two 
voltages are used to operate both the rows and columns.   
 

11.3.2 LCD 

Another display technology that we explored was using an LCD screen. The liquid 
crystal display uses a layer of molecules that are aligned between two transparent 
electrodes. The molecules and electrodes are then placed in between two 
polarizing filters that have their axes perpendicular to each other. LCDs 
themselves do not produce any light and require an external light source to function 
properly. 
 

While researching the different types of displays we could use, we are looking for 
displays that were light, low-power draw, high resolution, and well documented. 
The LCD displays that we were encountering met most of our requirements. 
However, we had issues finding the appropriate displays with enough 
documentation for us to properly integrate within our system. In addition, the quality 
of the product could create more problems throughout the design process.  
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Ultimately, our research found us reviewing all the possibilities of a display and we 
collectively decided to move forward with another option. Citing the previous 
concerns, we also were doubtful about the resolution that we could achieve by the 
display. We wanted a high resolution, full color option. 
 

11.3.3 LCoS 

Liquid Crystal on Silicon is another display technology that we were researching 
thoroughly to meet our display needs for the HUD. We researched this technology 
specifically because this is the same display that NUVIZ uses in their commercial 
products. Since we are attempting to make a similar product, we reviewed already 
existing technology that is being used in production. LCoS works similarly to the 
LCD. LCoS uses a reflective backing in an active-matrix media to filter ambient 
light. This liquid crystal layer has a silicon backplane. The active-matrix, with the 
silicon backing, causes the display to act as a spatial light modulator.  
 

The main appeal to this type of display was its wide uses for near-eye projection 
capabilities like electronic viewfinders for digital cameras, film cameras, and head-
mounted displays (HMDs). These devices are made using ferroelectric liquid 
crystals which are inherently faster than other types of liquid crystals to produce 
high quality images. Google's venture into the wearable computer technology, 
Google glass, also uses a near-eye LCoS display. 
 

Through our research, we found that the displays that use this technology were on 
the more expensive of the spectrum. The trade-offs that we were encountering 
with resolution, power, price, and size were not in our best interests.  
 

11.3.4 LED 
 

Lastly, our research covered the possibilities in using a light-emitting diode for the 
purposes of displaying information to the driver. LEDs have risen to be used widely 
throughout the modern world. The low cost in both purchasing and power 
consumption has allowed for this technology to be used in our daily lives. Typically, 
LEDs are monochromatic and have a large illumination area.  
 

Initially, our design called to have both a display and LEDs as a method to 
implement certain information that would be pertinent to the driver. Turn indication, 
blind spot detection, and a shift light to inform the driver that they preset threshold 
was reached and needed to increase the gear to turn the light off. However, the 
amount of coding required to implement these ideas created a cause for concern. 
This also would be adding into the optical system design process. Instead of a 
single display, the other LEDs and their respective positions would need to be 
taken into consideration to implement them in the HUD.  
 

With these concerns identified and addressed, we decided to remove the LEDs as 
an option in our HUD system. We can create an area of the display to provide all 
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the warnings and pertinent information to the user. This, in turn, will make the 
design streamlined and have less power draw over all.  
 

11.4 Power Choice 
 
To power the whole system, it is required to have two separate power supplies for 
the two separate modules that make up the entire system. The one thing both 
power supplies do have in common is that they both have to be batteries. The 
module on the motorcycle will simply be powered by the battery that the motorcycle 
uses itself. The module installed on the helmet will require a different battery that 
will require a much stricter regimen of requirements in order to satisfy the several 
needs at the helmet. 
 
Some of the factors to consider when dealing with batteries are the battery 
chemistry, capacity, voltage, size and whether it is rechargeable or not. We will 
begin by looking into the different battery chemistries to determine which option is 
the safest and most reliable. Lead acid, lithium-polymer, and lithium-ion are some 
of the most common types of batteries and can be found in almost any setting of 
electronics around the world. 
 

11.4.1 Lead Acid 
 
In order to have a more user-friendly interface, the module installed on the 
motorcycle will be powered by the battery in the motorcycle. This will remove the 
need to recharge the motorcycle module which could become very cumbersome 
for the user if it was required to recharge a device that is already mounted on the 
motorcycle. The battery found on the motorcycle is a lead acid battery that supplies 
12V. Since the battery is constantly recharged by the alternator on the motorcycle, 
there is no real need to look into the capacity of the battery especially since the 
average motorcycle battery has a capacity of 14Ah. The other factors when 
choosing a battery can also be ignored for the lead acid battery since the size of 
the battery is fixed as well as whether it is rechargeable or not. 
 
Capacity of the battery is another detail to pay very close attention to. The goal for 
this power supply is to be able to supply power for at least 3 hours. After calculating 
the approximate current drawn from the entire helmet module, it was determined 
that the battery should have a capacity of at least 2000mAh. This will ensure a 
battery life of roughly 6 hours which will allow the user to use the helmet for multiple 
trips until the next recharge. 
 
As for the helmet module, all of the different characteristics of batteries have to be 
looked at a lot closer as well as other factors. The electronics, including the battery, 
in the helmet module will have to be installed on the back of the helmet. Therefore, 
the size and weight of the battery become huge factors to consider as well as price. 
This module will obviously require a separate rechargeable battery in order to 
avoid wires running from the motorcycle to the helmet of the user.  



   
 

35 
 

11.4.2 Lithium-Polymer 
 
Lithium-Polymer batteries are a very popular choice when it comes to portable 
electronics. Lithium-Polymer batteries are widely used in mobile phones, laptops, 
and tablets due to their reliability and compactness. Similar to lithium-ion batteries, 
lithium-polymer battery cells have a voltage of 3.7V per cell. A common choice for 
lithium polymer batteries is the Venom 20C 2S 2000mAh 7.4V Li-Po Battery which 
satisfies the requirements for our system with regards to voltage and capacity. One 
of the concerns with this battery is the size of the battery with dimensions of 3.25" 
x 1.18" x 0.7". The fairly large dimensions could become cumbersome to the 
motorcyclist for it will become a larger weight and size attached to the helmet which 
could provide some discomfort when using the helmet. Another drawback with this 
lithium-polymer battery is the price. Due to their higher manufacturing costs, 
lithium-polymer batteries will generally be found to be more expensive than lithium-
ion batteries. The Venom Li-Po battery is currently for sale on the Venom website 
for the price of $32.99 which is more than twice as much the price than the average 
lithium-ion battery with the same capacity. 
 
Yet another concern with using lithium-polymer resides with the swelling of the 
battery when exposed to too much heat. There have been several cases with 
lithium-polymer batteries swelling when exposed to too much heat. When this 
happens, the battery is obviously not usable anymore and can be very harmful to 
the user for it has the potential of exploding if not handled properly. For our needs, 
this is a major negative aspect about lithium-polymer batteries since they will be 
exposed to ambient temperatures of upwards to 110°F. Having the lithium-polymer 
battery exposed to these temperatures and attached to the head of the 
motorcyclists could cause serious injury or even death to the user and others on 
the road. In conclusion, the lithium-polymer battery lacks a lot of the major 
concerns that come along with this project and as a result have been determined 
that they are not a good choice of battery to supply power to the helmet module. 
 

11.4.2 Lithium-Ion 
 
One of the most common options for powering electronics is the lithium-ion battery 
chemistry. Lithium-Ion batteries are perhaps the most common type of battery 
used in a single cell of a lithium-ion battery has a voltage of 3.7V. To power the 
helmet module, this would require two cells in series in order to supply the amount 
of power that the system requires. The lithium-ion battery that best matches the 
criteria created to power the helmet module is the Tenergy Li-Ion 18650. This 
lithium-ion battery has a rated voltage of 7.4V along with a capacity of 2200mAh 
with a very compact packaging of dimensions of 2.8" x 1.45" x 0.75"for a very low 
price of $14.99. This battery perfectly meets two of the most important 
requirements needed. This battery operates at a voltage ranging from 6V to 8.4V 
which again is very suitable for the design involving the 5V voltage regulator. 
Remember the LM2940 has a dropout voltage of 1V meaning that any to input 
voltage below 6V will result in the voltage regulator to not work. Having a battery 
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that operates all the way down to 6V means that the battery can drain properly all 
the way through and the entire system will continue to work until the battery shuts 
off.  
 
An important feature to prevent the battery from over charging or over discharging 
is a built-in circuit provided by the Tenergy Li-Ion 18650. This built in circuit 
prevents the battery from swelling and possible explosion while also extending the 
overall battery life. This battery also has a great operating temperature range of -
20°C to 60°C. This operating temperature range will allow the user to utilize this 
system under almost any weather condition without running the risk of overheating 
the battery which could also be very damaging. 
 
To prove the durability of Tenergy's lithium-ion batteries, they have conducted 
several tests to the battery with regards to its durability. Some of the tests that 
directly correlate to this project would be the impact test, thermal shock test, as 
well as the drop test. Having the battery attached to the motorcycle helmet means 
that these different scenarios are possible. As one can see the test results in Table 
1, the battery faced no issues in response to every test by having no fire or 
explosion which is critically important to know when choosing a battery for this 
system. 
 

Table 1: Battery testing by Tenergy. (Reprinted with permission from Tenergy) 
 

 
 
It is also important to realize the charging system for these batteries. One should 
always use a charger that is designed for lithium-ion batteries and that can supply 
an appropriate charging rate that will not damage the battery either. A common 
way to charge lithium-ion batteries is by simply using a USB cable, however, this 
can only be done for single cell lithium-ion batteries since they only have a voltage 
of 3.7V which can be charged by the 5V that USB can apply. Since the battery has 
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a voltage of 7.4V, it cannot be charged using USB. For the Tenergy Li-Ion 18650, 
it can either charge at a rate of 0.5A for standard charging or even go for rapid 
charging at the rate of 1A. There are two chargers that are designed to be 
compatible with the Tenergy Li-Ion, one for standard charging and one for rapid 
charging. For our purposes, the rapid charging battery charger was chosen in order 
to enhance the user's experience with a charging time that is about half that of a 
normal charger. The charger chosen for the lithium-ion battery is the Tenergy TLP-
4000 Universal 1A Smart Charger. This battery charger is specifically designed for 
lithium-ion batteries with multiple cells which perfectly satisfies our requirement. It 
is also very economical as it sells for $23.50 on Amazon. The Tenergy TLP-4000 
Universal 1A Smart Charger is also very easy to use for it has a simple wall plug 
to get its power as well as leads that can be attached to the battery leads for 
charging. 
 
The lithium-ion battery is a great choice to power the helmet module for a variety 
of reasons over using lithium-polymer. It is much safer to use due to its durability 
when it comes to temperature or even certain impacts. Lithium-Ion batteries are 
also generally cheaper than lithium-polymer batteries due to the higher 
manufacturing costs which helps reduce the total cost of the bill of materials for the 
project. Lithium-Ion batteries will also generally have higher power densities than 
lithium-polymer batteries do [7]. This results in a more compact battery which is a 
huge concern for this project considering the limited space allotted to work with on 
the motorcycle helmet without disturbing the motorcyclist with a noticeable weight 
on their head. 
 

11.5 Blind Spot Monitoring 
 
In order to achieve blind spot monitoring for the motorcycle, several factors are to 
be considered when selecting the device to be used. It is important to know that 
there are multiple ways to detect an object using sensors. Some of the types of 
sensors that were taken into consideration for the blind spot monitoring were 
passive infrared sensors (PIR), LIDAR, and sonar. The characteristics observed 
for selecting an appropriate type of sensor was durability, range, accuracy, size, 
price, and efficiency. The type of sensor that best meets these requirements will 
ultimately be the device that is to be used for this project. 
 

11.5.1 PIR 
 
Being a passive sensor, PIR does not emit any type of energy in order to detect, 
instead it receives infrared radiation [6]. This means that a PIR sensor would 
generally be more efficient than a normal infrared sensor. The PIR sensor that was 
mostly looked at as a candidate for this feature of the project was the PIR (motion) 
Sensor by Adafruit. This sensor passes most of the requirements needed for the 
purpose of this project.  
 



   
 

38 
 

When looking at the durability of this device, there are some faults that have to be 
addressed. Since the blind spot monitoring device will have to be mounted onto 
the motorcycle itself, it will need to be able to endure harsh weather conditions 
such as rain, snow, high temperatures, low temperatures, as well as any possible 
objects that might strike it during use on the roads. This device lacks any type of 
protective casing. This would require us to create some kind of housing to protect 
the sensor from any possible damage. Luckily, this sensor is very small in size with 
dimensions of 0.94" x 1.27" x 0.97". Even with a protective housing, this sensor 
will still be small enough to implement in the motorcycle. However, with protective 
housing, the range and accuracy of the sensor may be altered. 
 
One of the most important requirements for the blind spot monitoring device is to 
have good range as well as accuracy. For the purposes of blind spot monitoring, it 
is necessary for the sensor to be able to detect objects up to the widest lane width 
possible. According to the United States Department of Transportation, the widest 
lane widths found are on freeways which is 12 feet [4]. The blind spot monitoring 
device should be able to detect at least 12 feet. The PIR sensor, according to 
Adafruit, can detect up to 7 meters (22.97 feet) which means that it does indeed 
meet our requirement. The other factor to be considered when looking at the range 
a sensor can have is the 'cone' of the device which relates to the angle of the field 
of view that the sensor has. For our purposes, an angle of about 45° is enough for 
blind spot monitoring since the blind spot is only composed of a small window that 
can't be seen by the motorcyclists using the mirrors on the motorcycle or by simply 
using peripheral vision. The PIR sensor provides a cone of detection of up to 120° 
which is too much for the purposes of this project. With an angle of 120°, the sensor 
will be picking up unwanted signals which can mislead the user. Luckily, the PIR 
sensor does provide built-in potentiometers to change the sensitivity of the detector 
to the desired value. 
 
One of the most intriguing aspects of using a PIR sensor is its cost. Cost is a major 
factor to consider when working in any type of engineering project. The unit price 
for a PIR (motion) sensor on Adafruit's website is only $9.95. This, we will find that 
it will be one of the lowest costing sensors that can be found that can help detect 
objects in the blind spot. 
 
The PIR sensor will also be very efficient for the system for it will have a very quick 
detection time as well as a low power draw. The PIR sensor is designed to run 
anywhere between 5V – 12V which is well within the desired range since the 
system will be powered using the motorcycle's 12V battery. The digital output of 
the PIR sensor also makes it very easy to use with the ATmega328p 
microcontroller to then trigger the light on the visor to warn the user.  
 
Despite all of the great aspects of using a PIR sensor, there is a concerning issue 
with it. Since PIR sensors depend on radiated heat to be able to detect, it is limited 
in its ability to detect certain objects. PIR sensors work great with detecting objects 
such as humans since humans radiate heat which can be seen using an infrared 
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sensor. However, when it comes to detecting vehicles, it might run into issues. 
There would be no real issues with detecting a vehicle in a warm climate since the 
metal on the car will heat up more than the ambient temperature. But with a colder 
climate, the exterior of the car will also be cold and therefore will not radiate infrared 
light as well. It is for this reason that it was decided that the PIR sensor cannot be 
used for blind spot monitoring. 
 

11.5.2 LIDAR 
 
LIDAR technology is another strong candidate to use for the purposes of this 
project. This technology has recently been widely used in the automotive industry 
for autonomous vehicles as a form to navigate through streets. LIDAR has been 
very successful due to its high precision and reliability. 
 
The LIDAR-Lite V3 by Sparkfun Electronics is one of the best LIDAR devices found 
for the purposes of this project. It comes in a compact housing of 0.8" x 1.9" x 1.6" 
which is slightly larger than the PIR sensor but is still an appropriate size. The 
LIDAR-Lite V3 is also durable as it already has a special housing that protects the 
components from possible damages for it is designed for uses such as drones, 
vehicles, and robots. LIDAR provides the fastest method of detection by running 
at a frequency of up to 500Hz and by using the round-trip time of the laser which 
speeds up the speed at which data can be read. Because it uses a light to detect, 
a LIDAR sensor can detect an object at the distance of the required 12 feet away 
in roughly 12 nanoseconds.   
 
Despite the high accuracy and the reliability of a LIDAR system, there are several 
drawbacks with regards to price, efficiency, and overall usefulness. One of the 
major drawbacks with LIDAR sensors is price. Due to the complexity of a LIDAR 
sensor, it was found to be the most expensive option by far with a price of $129.99. 
Another major concern using a LIDAR is with how practical it can be. There are 
multiple factors that can alter how dependable of an option LIDAR can be such as 
reflectivity and lighting conditions. 
 
The LIDAR Lite V3 could run into some issues when dealing with the varying 
outdoor conditions. Since the purpose of the blind spot monitor is to detect objects, 
it must be able to do so in almost any given ambient conditions. It turns out the 
LIDAR Lite V3 can detect objects with up to 70% reflectivity for up to 40 meters 
meaning that it could run into issues with various vehicles with different types and 
colors of paint that may not be as reflective. For instance, cars with darker colors 
of paint would be harder to detect since it absorbs some of the light that the LIDAR 
sensor uses to detect. The ambient lighting could also become an issue as high 
brightness could cause interference with the system.  
 
Efficiency of this device also comes into question with the relatively high current 
draw from the LIDAR Lite V3 with a current draw of up to 135mA at 5V DC. To 
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conclude, using a LIDAR sensor was deemed unnecessary for the purpose of this 
project.  
 
Although LIDAR systems are widely used in the automotive industry, they are 
mostly used for mapping out the entire surroundings of the vehicle.  In our case, 
object detection is the only thing desired. Considering the high price for this 
technology, we decided it was unnecessary to have a device with such a high 
capacity to conduct a task can be done with a simpler and cheaper option. 

 
11.5.3 Sonar 
 
An ultrasonic sensor was also heavily taken into consideration as the sensor of 
choice for the purpose of this project. The way an ultrasonic sensor would be used 
in this application is to send high frequency soundwaves to then be bounced off 
objects. The returning soundwave can then indicate us how far the object is 
depending on how long it takes the soundwave to come back to the sensor. This 
type of technology is also widely used in some of the features seen in today's cars 
with parking assist. Ultrasonic sensors are used to detect how far objects are from 
the vehicle to help avoid a possible collision.  
 
Ultrasonic sensors offer very reliable, efficient, and cheap solution to the problem 
we are trying to solve. The ultrasonic sensor to be assessed is the Maxbotix 
Ultrasonic Rangefinder LV-EZ0. This sensor was found to be the best fit four our 
project for it meets the vast majority of the requirements specified. The Maxbotix 
Ultrasonic Rangefinder LV-EZ0 is a very compact device, as seen in Figure 4, with 
dimensions of 0.61" x 0.88" x 0.79". The small dimensions of this device allow for 
it to be mounted almost anywhere onto the motorcycle without any issues. 
Although there is a slight concern with the durability of this device, a protective 
housing will be designed for the sensor which can be easily installed thanks to the 
two screw holes provided on the PCB of this sensor. 
 

 
 

Figure 4: Maxbotix Ultrasonic Rangefinder LV-EZ0 
(Reprinted with permission from Adafruit) 
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Using an ultrasonic also boasts a major advantage that PIR and LIDAR sensors 
lack which is its ability to not be easily interfered. As mentioned before, PIR 
sensors face issues with detection with varying temperatures while LIDAR sensors 
face issues with detection with poor lighting conditions or low reflectivity of objects. 
The Maxbotix Ultrasonic Rangefinder LV-EZ0 propagates soundwaves at 40kHz 
which provides an excellent solution to low interference since the majority of 
ambient sounds lie within the 0 to 20kHz range. Since this sensor is dealing with 
soundwaves, it will not face any issues with varying ambient conditions such as 
temperature or lighting. The range of the field of view for this sensor is also very 
appropriate for the purpose of the blind spot detection. According to the Maxbotix 
Ultrasonic Rangefinder LV-EZ0 datasheet, the sensor can detect objects up to 21 
feet away.  
 
One of the most attractive aspects about the Maxbotix Ultrasonic Rangefinder LV-
EZ0 is its efficiency and cost. This sensor can run off 5V DC while only drawing 
2mA of current which is considerably less than the current draw when using the 
LIDAR Lite V3 (135mA). This high efficiency becomes very useful especially 
considering the fact that this entire system will be working off of a battery. Along 
with a very high level of efficiency and effectiveness, the Maxbotix Ultrasonic 
Rangefinder LV-EZ0 is also available for a very low cost of $26.95 which is a bit 
higher than the PIR sensor but still considerably cheaper than the LIDAR Lite V3. 
 
The Maxbotix Ultrasonic Rangefinder LV-EZ0 also provides three useful different 
output signals: analog, PWM, and serial output. The datasheet provides a formula 
for measuring the distance of the object, (Vcc/512)/inch. This can be calculated by 
retrieving the voltage from the analog output and using it in the formula to find the 
distance of the object with respect to the ultrasonic sensor. 
 
In conclusion, the Maxbotix Ultrasonic Rangefinder LV-EZ0 was the chosen sensor 
for the blind spot monitoring system due to its low cost, high efficiency, reliability, 
and ease of use when compared to the LIDAR Lite V3 and the PIR motion sensor. 
Upon further research, the LV-EZ0 model was chosen as the appropriate model 
out of all of the options that Maxbotix has to offer due to the large field of view. 
Using an ultrasonic will provide us the most reliable and accurate results given 
almost any type of ambient conditions that may be encountered on the road. In a 
project where accuracy and reliability of components is the utmost importance to 
help ensure the safety of the motorcyclist, the Maxbotix Ultrasonic Rangefinder 
LV-EZ0 should adequately fill its role for this project. 
 

11.6 Wireless Data  
 
Data will be transmitted between the helmet module, motorcycle module, and the 
smartphone application. Various wireless data transmitter/receivers have been 
researched to determine the optimal component for this project by considering 
various aspects.  
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11.6.1 HC05 
 
The HC-05 module is a Bluetooth Serial Port Protocol (SPP) module that operates 
at a low power of 1.8V. It has a universal asynchronous receiver transmitter 
(UART) interface that could be connected to the ATmega chips, and the baud rate 
could be set from the software. This Bluetooth module would fit our purpose for the 
project. However, the HC05 module uses Bluetooth 2.0 technology. Using this 
module would not allow us to take advantage of the benefits that BLE offers us for 
our battery powered system. The target smartphones would be able to interface 
with this module since they are backwards compatible.  
 
Also, a benefit of the HC05 module is that it can be set as a slave or master. This 
is a requirement for our project, since one module would be on the motorcycle, 
and another would be on the helmet. These two modules would need to 
communicate with each other with one being the salve and the other being the 
master. A chip that could be set as either would be ideal for our project to 
accomplish the functionality that we are trying to implement. Although the HC05 is 
a valid solution, the module would not be optimal for our project.  
 

11.6.2 AT-09 
 
The AT-09 module contains a BLE chip, a CC2541, and allows serial 
communication to the chip through the Rx and Tx pin. Utilizing this module would 
allow us to use BLE for our data transmission. This module can also be set as 
either a slave or master. The baud rate can be set by sending AT commands to 
the module. This module is a valid solution for our data transmission and has been 
decided as our communication module. A reputable vendor has been found who 
supplies the AT-09 modules and delivers them in a reasonable amount of time. 
This aspect will make the component more desirable for the project due to the 
reliable availability. 
 

11.6.3 HM-10  
 
The HM-10 module also contains the CC2541 chip and supports communication 
to the MCU via UART. The module could also be set to either a slave or master 
and brings the same benefits as the AT-09 chip. However, there is an issue of 
finding a reputable supplier of the module that shows positive reviews from buyers, 
and a reasonable lead time.  
 
Many of the suppliers had comments from buyers where the module did not work 
with the commands specified in the datasheet, and that the pins were not mapped 
out correctly. The time for the package to arrive was relatively long from the 
vendors that offered authentic modules. To avoid possible delays to the system 
development, the component will possibly be avoided. 
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11.6.4 BC127 
 
The BC127 Bluetooth module can be used with Bluetooth or BLE mode. The 
module allows data to be transmitted using SPP and could either be the master or 
the slave. Initially, the design of the helmet module included a built-in speaker, and 
to transmit audio, the Bluetooth module needs to support Advanced Audio 
Distribution Profile (A2DP) connections. The BC127 module supports both SPP 
and A2DP connections and was considered to be the Bluetooth module for the 
helmet system. The need for a speaker is being evaluated by the team and will 
ultimately be decided by considering different factors such as time, and cost.  

 
11.6.5 RN-52 
 
The RN-52 Bluetooth audio module was another module that was considered. The 
module supports both SPP and A2DP connections. However, it does not support 
BLE connections. The module was considered to be an alternative to the BC127 
module, but the lack of support from the Arduino community for this component 
deterred us from implementing it into our system.  
 

11.7 Emergency Detection Component 
 
Accidents happen in the motorcycle world and in most cases, motorcyclists are 
lucky enough to walk away from the incident or the incident occurs in an area 
where there is a consistent traffic flow that someone else will be able to alert the 
authorities. But there are plenty of motorcyclist that take back roads with little to no 
traffic, if a rider was to crash in one of these environments and is unable to reach 
their phone due to serious injuries such as broken limbs or severe damage to the 
skull the ride may not be discovered until it is too late. To combat that issue a 
detection system is to be implemented with this design to attempt to prevent such 
scenarios from occurring. The requirements for this component are the ability to 
withstand shock damage, be small due to size constraints on the motorcycle, have 
a small power draw due to ability that it must be able to run on a backup power 
supply if necessary and must be able to predict semi-accurately if crash conditions 
are met. As is expected of these components like the rest of the motorcycle data 
collection is that the device should be easy to implement without interfering or 
using the internal of the motorcycle to take measurements.  
 

11.7.1 MPU6050 
 
MPU6050, a 6 degrees of freedom accelerometer with gyroscope. Capable of 
taking measurements at +-2000 degrees/second. With a low power requirement 
and plentiful documentation regarding communicating with the ATmega328p and 
MSP430 chips it makes for a solid choice. As it would allow angles to be measured 
at a high rate of speed meaning if an accident did occur it would be able to relay 
that information as soon as possible, in addition it’s low voltage requirements 
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means it could be set up on a backup power supply in case of the motorcycle not 
being able to provide power to the system. The accelerometer would allow for 
velocity calculation using the equation: 
 

𝑉𝑓 = 𝑉𝑜 + 𝑎𝑡  

 
where Vf is the velocity of the motorcycle, Vo is the previous measurement of 
velocity, “a” is the acceleration as measured by the 6050 and “t” is the time. 
Although since the MPU6050 is continuously updating numbers time will not play 
a factor and instead the equation will run a loop at the highest data collection rate 
the MPU6050 is capable of. Additionally, if the data collection rate isn’t fast enough 
external clocks can be mounted up and to 19.2MHz to improve sampling rate, it’s 
low power requirements as mentioned earlier also means it can be operated on 
voltages as low as 2V meaning the use of an external backup power supply is easy 
to implement for additional safety in case of battery failure on the motorcycle. On 
a final note the MPU6050 can be brought on a pre-built board called the GY-521, 
due to its small nature the board makes prototyping and testing a lot easier. 

 

11.7.2 VL53L0X 
 
T.O.S. sensor or Time of Flight sensor, more specifically the VL53L0X originally 
set to be a sensor used for the blind spot monitoring system on the motorcycle 
before being outvoted for different options, can measure the distance between 
itself and an object meaning it could be set to measure the distance between itself 
and the ground at a 90-degree angle. It is a low power, having low voltage 
requirements to operate as well as low current draw overall.  
 
Operating temperature is not idea at a maximum of 70°C but it will be within an 
acceptable range for its location as it will be mounted away from the engine or 
exhaust. However, the sensor would have to be mounted externally to accomplish 
this and would require more advanced mathematics to ensure that a crash 
occurred, in addition to those factors due to the external mounted format it would 
be susceptible to the elements meaning damage is more likely to occur. This in 
turn would also make the Time of Flight sensor a single use object due to the high 
probability that an even a low speed crash would can destroy the chip. An 
additional concern is that two chips would need to be used for lean angle and 
velocity measurements to more accurately predict if a crash has occurred. 
Although it could be offset with the use of the cellphones internal GPS to measure 
velocity and have the data be relayed back and forth which would increase the 
coding work load required.  
 
Also, the maximum range of 2 meters is more than enough for our intended 
purpose and its small package size means finding a location for it and mounting it 
will be easier. However, plenty of documentation on a multitude of these chips exist 
and would severely help. Although pricing is low enough to make it an attractive 
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option to be used for this project. On a final note, the component has many 
attractive aspects but above all will provide a challenge to implement successfully. 
 
11.8 Speakers 
 
Using a headset has become a very common object in the motorcycle helmet the 
primary leader in these systems is Sena, they produce a ride range of Bluetooth 
headsets for helmets ranging from a bulky model to slim to ones with built in 
cameras, other companies such as Bilt produce helmets with built-in Bluetooth 
headsets. Although at first it was not considered to be a necessary component to 
the system it is currently considered to be a requirement to use the full functionality 
of the navigation system to be able to listen to the directions.  
 
To design a functional system the Sena system is to be dissected, which will reveal 
that it uses flat speakers mounted internally on the helmet, and a Bluetooth module 
that allows the user to pair with other devices, select songs, answer or decline calls 
and many other functions. However, if most of these functions are not required for 
the system and therefor can be rejected and instead be replaced with a simpler 
system, the simpler system can be achieved by dissecting a set of Bluetooth 
headsets.  
 
It is also our intention to reuse the speakers found inside of this headset due to 
low cost and it will easy fit to the helmet. Added benefits are the fact that the system 
only has to send and not receive data therefore a lower end Bluetooth module can 
be used as it will only act as a slave device. The maximum volume of the speakers 
will be around 90 dB which according to the World Health Organization can be 
safely listened to for 2.5 hours [8]. However, an issue that may present itself is that 
the volume inside of a helmet at a speed of 70 mph can range from 90 dB to 109 
dB meaning a lot of instructions can be drowned at those speeds that is where a 
clear display is important to still convey directions at a higher speeds.  
 
It should be noted that noise inside of a helmet also depends heavily on the quality 
of the helmet and type of helmet being used an accurate number does not exist 
but many papers such as the one that quotes the 90 dB to 109 dB range find that 
the noise in most helmets tends to exceed 100 dB [10], as most of the riding will 
be done around town at speeds of 45 mph the helmet noise at highway speeds is 
not a direct concern but should still be mentioned. 
 
Audio clearance and ability to produce a clear signal with crisp notes and louder 
bass might be ideal for audiophiles but as mentioned previously the system is not 
designed for music feedback but instead directions, so quality and other factors 
that are important for music are not considered crucial to the speakers and data 
transmission used for the system, allowing the system to use a cheaper set of 
speakers driving overall cost down. Power consumption will be able to be 
controlled with limiting the maximum volume of the speakers allowing the system 
to hit the goal of a 3 hour operating time as is mentioned in the design criteria.  
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12. Glassware 

 
The preliminary design stems from the display, an OLED (Organic Light Emitting 

Diode), size constraints from the helmet, and budget. The display selected has a 

square area with the diagonal size of 1.5 inches. After determining the object that 

is to be projected, the next physical attribute to determine was the curvature of the 

visor of the helmet itself. Due to its curvature, our initial design was to make the 

HUD visible by using the reflection from the visor. This is possible by treating the 

visor as a curved mirror, which would give the driver the illusion that the HUD was 

coming from outside the helmet.  

By removing all the padding from the helmet, we determined the maximum volume 

that the display plus all the optical components can achieve. This sets the focal 

length of the lenses used, in addition to the refractive power needed to produce an 

image with enough resolution to determine individual pixels and minimize first and 

third-order aberrations. After the display passes through the imaging system, it will 

pass through a 50-50 or a polarized beam splitter. One path will go directly towards 

the visor and the other path will pass through the driver’s eye. The combination of 

the two images being resolved on the retina, allows the driver to focus on the road 

and have the information being displayed to be viewed seamlessly.  

To determine the proper parameters of the lenses, we created a lens design 
through Zemax OpticStudio. The schematics of the design will be presented in a 
later discussion. This design will show the values of the aberrations in the image 
plane and using the three main color wavelengths of the display (RGB), the 
chromatic aberration introduced by the lens will be identified and corrected to 
ensure that the color image of the OLED will not blur once it reaches the driver’s 
eye.  
 

12.1 Achromatic Doublet 
 
After determining the ideal lens design for imaging the display, we inquired with 
various lens manufacturing companies to order lenses that would match our 
criteria. The companies which we reviewed were Thorlabs, Edmund Optics, and 
Newport. The type of glasses that will suffice our application and meet our budget 
requirements are N-BK7 and N-SF11 glass for crown and flint glass respectively. 
Since the display is covers the full range of colors, the type of lens needed would 
be an achromatic doublet. This type of lens design is created by using a crown and 
flint glass cemented together. 
 
The specific attribute of the achromatic doublet that will benefit our prototype is 

that two wavelengths of light will have the same focal point. This is imperative 

because the index of refraction of glass is dependent on wavelength. The two 
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wavelengths that are selected for focusing purposes are 487.6nm and 656.4nm, 

blue and red light respectively. 

Due to the size constraints of the helmet, the box that will house the display and 

optics would be made in such a way to fit comfortably inside the helmet without 

causing discomfort to the driver. Our design accounts for having our optical path 

length reduced significantly. This fact would in turn require the lens to be a fast 

lens, meaning having a high refractive power and a short focal length. Based on 

the calculations in Zemax, the lens will require an effective focal length of 50mm. 

The diameter of the lens would be approximately 25.4mm. Therefore, the f number 

(F/#) would be approximately 2, this is shown in the equation below.  

𝑭/# =
𝒇

𝑫
=

50𝑚𝑚

25.4 𝑚𝑚
= 1.96 

This factor is used to describe the “fastness” of the lens as well as providing a 
reference point to describe the exit pupil diameter and the image space. Since 
there is no physical aperture in the system, the diameter of the lens itself serves 
as the field stop.  

The following section describes the selection process for deciding which glass 
manufacture to order our optical components. Furthermore, it will outline the pros 
and cons of having a single achromatic element or multiple lenses aligned together 
to have a combined total equal to a doublet of equivalent power. 

The two main types of lenses used for optical systems are known as convex and 
concave lenses.   
 

12.2 Convex Lens 
 
Convex lenses are described as positive or converging lenses. This attribute of the 
lens denotes how the light path is affected by the lens. In a converging lens system, 
the refractive power of the lens, causes the light path to bend towards the optical 
axis. A point on the object converges to a conjugate point in the image plane. The 
term positive lens refers the sign of its refractive power, 𝜙, to be greater than zero.  
 
In addition to bend the light towards the axis, the image that is formed is a real 
image. Real images can be detected by sensors, meaning the light truly converges 
at the focal plane. These images are typically unmagnified and upside-down.  
Lenses demonstrates the physical dimensions of an equi-convex lens and shows 
the reference plane of which its dimensions are measured. R is the radius of 
curvature. Note how the back surface 𝑅2 is measured behind the lens, the sign 
convention denotes this as a negative distance. FFL and BFL are front focal length 
and back focal length respectively. EFL is the effective focal length that is 
measured from the principal planes, 𝑃1and 𝑃2. 𝑇𝑐 is the measurement of the 
thickness of the lens from the surfaces’ vertices. 𝑇𝐸 is the equivalent thickness 
referenced to the focal planes. 
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12.3 Plano-Convex Lens 
 
Plano-convex lenses are defined as lenses with a negative refractive power, 
therefore, considered as a diverging lens. The negative refractive power denotes 
that the light path bends away the optical axis, which means the light diverge in 
the image space. However, an image is still formed in the object plane. If one were 
to trace backwards where the light path appears to bend within the glass, and 
optical axis. By tracing these rays backwards and finding the location where they 
appear to converge, one would find that’s the image location.  
 
Since the actual light paths do not physically converge, this is referred to a virtual 
image. Sensors are not able to detect these types of images; however, the human 
eye can still detect them. These images are typically magnified and upright. This 
illustrates a standard plano-convex lens. Note how the light path (shown as red 
lines) is traced backwards towards the optical axis, this shows the image location. 
For the achromatic doublet, a plano-convex lens is required. Meaning one of the 
surfaces is planar. 

 

12.4 Beam Splitter 
 
The beam splitter model number, BS016, is a 50:50 Non-Polarizing Beam Splitter 

Cube. 50:50 signifies that the reflected and transmitted beams have equal intensity 

after passing through the cube. This model in Figure 5 is designed to split light in 

the visible spectrum, 400 - 700 nm, and the cube size is equal to 20 mm. 

 
 

Figure 5: Schematic and operation of a beam splitter 
(Permission granted by Edmund Optics) 
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12.5 Glass Manufacturers  
 
This section will discuss the companies that we reviewed to provide the lenses that 
are required in order to create the optical system necessary to effectively image 
the display. Although there are any number of companies that produce lenses, 
here we are limiting our search to just a select few. Besides costs, any lens with 
the set specifications do not change from manufacturer to manufacturer. For 
example, an N-SF2 glass lens with a focal length of 25mm would be same from 
Thorlabs, Schott, Newport, etc. Below is the breakdown of the companies we 
reviewed, their catalog that were pertinent to our design, and their respective 
prices.  
 

12.5.1 Glass Properties 
 
The Sellmeir equation is a relationship between refractive index and wavelength for 

a transparent medium. The equation shown below is demonstrating the 
dependence of refractive index and wavelengths. Using the Sellmeier relation, the 
graphs of the two glasses shown in Figures 6 and 7 can be plotted in such a 
manner that the refractive index of the glass at any given wavelength can be 
known. The coefficients B and C are given with the glass properties.  
 

𝑛(𝜆)2 − 1 =
𝐵1𝜆2

𝜆2−𝐶1
+

𝐵2𝜆2

𝜆2−𝐶2
+

𝐵3𝜆2

𝜆2−𝐶3
                                 

 

 

Figure 6: The refractive index profile of SF11  
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Figure 7: The refractive index profile of BK7  

 
After the conclusion of senior design I, we realized that the original design to use 
the curvature of the helmet visor to act as a curved mirror. However, the visor had 
an extreme curvature in both X and Y-axes. This led to the visor having two 
different focal lengths. In addition to the curvature, the astigmatism from the visor 
made the image indecipherable. For example, an illuminated screen with an image 
of a bird reflected a completely vertical line. This caused us to alter our initial optic 
design this will be discussed further in the simulation of the optics.  
 
As for glassware, the inability to image through the visor caused a revisit of the 
lenses needed. We still used a bi-convex and plano-convex lens in our final design, 
however, we did not need the achromatic doublet due to the change of image 
quality is minimal when compared to the price. We had a budget to adhere to and 
therefore, the doublet was removed. Instead, we placed an aperture in between 
the lenses. This created a field stop, as such limited the field of view, and the 
overall image quality improved.  

 
12.5.2 Thorlabs 
 
Beginning with the most familiar optics company to undergraduates within CREOL, 
Thorlabs is provides quality Quartz glass at a reasonable price. Table 2 below 
outlines the Thorlabs lenses we inquired about. The first lens, which is a N-BK7 bi-
convex lens, with a diameter of 25.4mm, and the effective focal length of, f = 50.0 
mm. Lastly, to make an achromatic doublet, the Flint glass needs to be a plano-
concave lens. Model number, LC2679, is a N-SF11 plano-concave lens, with a 
focal length of, f = -30.0 mm. Theses lenses are equal in diameter.  
 
Moreover, we inquired about the achromatic lenses that Thorlabs produce. The 
achromatic lenses they have for commercial use have an Anti-Reflection Coating 
(ARC) within the visible regime, which essentially eliminates the reflections at each 
surface of the cube. By having this coating, aligning the image from the display 
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would be less challenging. The mode number of this achromatic lens is AC254-
045-A. The lens has a focal length equal to 45.0 mm, a diameter equal to 25.4mm. 
Table 2 below outlines the products discussed from this manufacturer.  
 

Table 2: Product list of Thorlabs and their specifications 

 

Glassware 
Type 

Product 
# 

Specifications    

   Focal Length 
(mm) 

Refractive 
Power 

(Diopters) 

Diameter/ 
Size (mm) 

Price 

($) 

Convex Lens LB1471 50.0 20.0 25.4 23.60 

Concave 
Lens 

LC2679 -30.00 -33.3 25.4 29.30 

Achromatic 
Doublet 

AC254-
045-A 

45.0 22.2 25.4 76.50 

Beam 
Splitter Cube 

BS016 N/A N/A 20 184.62 

 

12.5.3 Edmund Optics 
 
Similarly, we investigated the catalog of Edmund Optics. We found the 
components that are similar in design and effect as Thorlabs’ production. My 
findings with their respective specifications are found in Table 3 below. The 
concave lens, model number: #45-020, has a smaller diameter than the ones 
previously found. However, the concave lens is a faster lens than the Thorlabs 
model, costs less than Thorlabs, and is arguably a better-quality item. Therefore, 
the concave lens from Edmund has my consideration for the optics design.  

 
Table 3: Product list of Edmund Optics and their specifications 

  

Glassware 
Type 

Product 
# 

Specifications    

   Focal Length 
(mm) 

Refractive 
Power 

(Diopters) 

Diameter/ 
Size (mm) 

Price 

($) 

Convex Lens #32-624 50.0 20.0 25.0 26.50 

Concave 
Lens 

#45-020 -30.00 -33.3 20.0 25.00 

Achromatic 
Doublet 

#49-792 50.8 19.7 25.4 96.50 

Beam 
Splitter 

Cube 

#47-122 N/A N/A 20 220.00 
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12.5.4 Newport 
 
As I have outlined in the previous sections, I inquired the production line that 
Newport has available through their online store. Although, Newport is mostly 
known for hardware and fabrication of various devices, my research led me to them 
as lens makers. I reviewed their catalog in search of similar products that I required 
for my design. The findings of the lenses that they produce and have available are 
outlined in Table 4 below. Upon reviewing the product list, I found that their prices 
were at strikingly higher than the previous companies that were inquired 
previously. Due to budget constraints, and personally financing the glassware, 
these products will not be used in consideration.  
 

Table 4 – Product list of Newport and their specifications. 
 

Glassware 
Type 

Product # 

 
Specifications    

   Focal Length 
(mm) 

Refractive 
Power 

(Diopters) 

Diameter/ 
Size 
(mm) 

Price 

($) 

Convex Lens KBX052 50.2 19.9 25.4 23.60 

Concave 
Lens 

SPC034 -50.0 -20.0 25.4 161.00 

Achromatic 
Doublet 

PAC040  50.8 19.7 25.4 94.00 

Beam Splitter 
Cube 

10BC17M
B.1 

N/A N/A 25.4 253.00 
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13. Summary of Selected Components 
 

Considering the information gathered from the research of various components, 
parts have been selected that will allow us to meet our outlined requirements and 
criteria. The parts are shown below in Table 5 and their justifications are discussed 
below.  

Table 5: Selected Components List  
 

MCU (Helmet) ATmega1284p 

MCU (Motorcycle Sensors) ATmega328p 

MCU (Emergency System) ATmega328p 

MCU (Motorcycle Central) ATmega1284p 

Sonar Maxbotix Ultrasonic Sensor 

Bluetooth module AT-09 

Gyroscope MPU6050 (GY-521) 

Battery Tenergy 18650 Li-ion 7.4V 2200mAh 

Voltage regulator 5V LM2940 

Voltage regulator 3V TPS7230 

DC-DC converter LTC1174 

OP-AMP TL084 

Hall sensor US5881 

OLED NHD-1.5-128128UGC3-ND 

Convex Lens LB1471 

Concave Lens #45-020 

Achromatic Doublet AC254-045-A 

Beam splitter BS016 

 
The reason for selecting the ATmega1284p as the primary MCU for the helmet 
design is since the large amount of RAM it possesses allows for us to fully utilize 
the OLED which requires at a minimum of 2kB of ram to operate found by using 
the equation of  
 

𝑅𝑟𝑒𝑞 =  
𝑊∗𝐻

8
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where W and H are the amount of pixels in our case both W and H are 128. The 
operating temperature range combined with the low voltage and power 
consumption means it is ideal to run from a rechargeable battery supplied to the 
back of the helmet without becoming too concerned about reaching our time goal 
of 3 hours of continuous operation. An added advantage is the fact that it comes 
in the PDIP format meaning it is easy to remove, replace and recode if the need 
arises.  
 
The ATmega328p was selected for both the motorcycle and emergency system, 
the primary reason for choosing this microcontroller stemmed from the high clock 
speed which is beneficial to for the RPM functionality of the system, its overall 
higher RAM over the MSP430 made it more favorable for the sonar being used in 
the system. Another added benefit is the fact that it can be fully programmed using 
a spare Arduino without the need to buy an additional FTDI chip (as is seen in 
Figure 8 and Figure 9) setting it apart from the PIC even if it would allow for a single 
central MCU for all controls to run to. Due to the ATmega328p being heavily 
documented and used for various other projects finding documentation to support 
our project will be easy and will allow for us to ask help from a wide variety of 
individuals with a wide variety of background experience if the need arises.  
 

 
 

Figure 8: Connection from Arduino to ATmega328p 
 
Table 6 and Table 7 shows the connections made from the Nano to ATmega328p 
chip to further clarify the images, the left side indicating the connections that need 
to be made to the right side. It should be noted that all of these connections use 
the format without an external clock and instead operate on the Nano’s internal 
clock. 
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Table 6: Wiring for Bootloader 
 

Nano (Bootloader) ATmega328p 
(Bootloader) 

VCC (5V) PIN 7 (VCC) 

VCC (5V) PIN 20 (AVCC) 

GND PIN 8 & 22 (GND) 

D10 PIN 1 (RST) 

D11 PIN 17 (D11) 

D12 PIN 18 (D12) 

D13 PIN 19 (D13) 

 
Like the ATmega1284p, the 328 comes in PDIP format meaning removal, 
replacement and reprogramming of the 328 is easy and accessible. In addition, 
the ATmega328p is popular enough that certain stores carry the chip meaning if 
spares are needed in a short time frame they are easy to get a hold off. The reason 
it was picked for the emergency system lies solely with the fact that it would ease 
the stress on the team and design constraints by using a uniform chip on the 
motorcycle, meaning the code used for the Bluetooth module can easily be 
replicated and reused compared to a different code that would have to be used for 
chips like the MSP430. 
 
    Table 7: Wiring for coding 

 

Nano (Code) ATmega328p (Code) 

VCC (5V) PIN 7 (VCC) 

VCC (5V) PIN 20 (AVCC) 

RST PIN 1 (RST) 

RX0 PIN 2 (RX) 

TX0 PIN 3 (TX) 
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Figure 9: Code upload without FTDI 
 
Power conservation is one of the main factors that affected our decision on 
selecting a transmission method for our data. The three standards listed above are 
reliable and are heavily used in a wide variety of applications. Considering all 
factors, for our configuration, using BLE as our transmission method was the most 
valid. The amount of data that we will be transmitting will be relatively low and will 
be satisfied with the 200kbps transmission speed offered by BLE. The integration 
of a BLE module into our design will occur more rapidly than other transmission 
methods. Power consumption will be the lowest by using BLE, and the currently 
owned smartphones will be capable of being used for our system without the need 
of external modules. 
 
For the BLE module, the AT-09 module, shown below in Figure 10 was selected. 
The module is very similar to the popular HM-10 module used to integrate BLE 
communication on many different projects. The issue with the HM-10 was finding 
a reputable vendor and was avoided for this project where there is a strict time 
constraint. A reputable vendor was found for the AT-09 module with sufficient 
datasheets that will allow rapid integration into our system. 
 

 
 

Figure 10: AT-09 Module 
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For the emergency system we selected the MPU6050 chip, in large part due to the 
low cost and large amount of documentation surrounding this chip. What set it 
apart from the time of flight chips was the simple fact that the MPU6050 allows us 
to set more parameters for what the system will consider a crash compared purely 
to the single parameter the time of flight sensor will allow us to use. The MPU6050 
is also often used alongside the ATmega328p chip meaning future trouble shooting 
will be straightforward. An added benefit is that the chip is often mounted on the 
GY-521 breakout board making the early prototyping stages a lot easier to work 
with. Thus far the only downside of this chip seems to be the higher cost associated 
with just the chip compared to buying the GY-521 board. 
 
The TL084 op-amp is used due to its low noise, this is crucial to the RPM sensor. 
Since a lot of noise can be picked up by the wire it is important to have the signal 
become as square as possible. An added benefit is that multiple group members 
possess this chip from previous projects meaning the total cost to the project gets 
lowered. The rail-to-rail capabilities of this chip ensure that we can fully utilize the 
5V output the RPM reader requires. In addition the TL084 also comes in quad 
packages meaning less space can be used by implementing a single chip, this is 
important due to the large amount of filter designs and the added Schmitt trigger 
that are to be used will take up a lot of space if they are to be implemented 
individually however if they are all combined on a single chip space requirements 
become a lesser concern in addition to keeping the cost low.  
 
The LTC1174 DC-DC converter is used due to its ability to provide both a positive 
and negative output voltage up and till 12.5V. For the RPM reader only a 5V pulse 
is required meaning there is plenty of overhead to allow for errors and possible 
voltage drops that are unanticipated. In addition, the datasheet shows multiple 
circuit designs that would allow for the required voltage to be reached. A down side 
is the large amount of components that is to be used to achieve the required 
voltages however its overall compact design and high temperature range of -40°C 
till 85°C means that it will be able to operate near the engine and in the confined 
spaces that it will be located in with minimal airflow to produce cooling. Its high 
efficiency rating of 94% will also ensure that minimal heat is generated from using 
the chip. 
 
The US5881 Hall sensor was selected in part due to its low cost, as well as having 
a wide range of operating voltages meaning regulation is not required as it will 
operate up and till 24V DC, as it will be mounted close to the engine temperature 
is a concern but considering the airflow will help cool it down and the max operating 
temperature is in excess of 100°C and is designed for high noise applications and 
the automotive industry. A final addition is the frequency that this component is 
used in similar projects meaning a lot of information is available and additional 
resources if the need arises.  
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14. Power Management  
 

For the purposes of this project, power management is a key factor that must be 
investigated thoroughly. Power management will allow for VISOR to optimize its 
resources as much as possible as well as reducing overall manufacturing and 
maintenance costs. Several aspects of VISOR can be monitored in order to help 
ensure power management. The batteries used, battery charger, emergency 
system, and other electronic components involved in this device. The main 
objective of investigating the power ratings for all of these components is to find 
the best balance of power efficiency and performance. This definition of balance 
alters depending on the component and its function within VISOR. 
 

14.1 Components 
 
Power management of the components including the Bluetooth module, DC/DC 
converter, OLED display, and speakers will require several factors to be looked at. 
Most importantly, loading on these devices must be closely looked at to avoid 
damage to these components or lack of performance from these devices. This can 
be done by looking into the datasheet for the electrical characteristics of these 
devices to see their power requirements as well as their performance for different 
levels of power applied. 

 
14.1.1 Bluetooth Low Energy 

 
One of the most important devices in VISOR is the Bluetooth module used. The 
AT-09 Bluetooth module will provide VISOR with a form of communication between 
the motorcycle module and the helmet module. As one can imagine, the AT-09 
Bluetooth module is a device that will be heavily used during the operation of 
VISOR.  
 
For this reason, it is important to monitor the power consumption of the AT-09 to 
acquire an accurate representation of the systems consumption from the power 
source whether it is from the motorcycle battery or the lithium-ion battery in the 
helmet. Since VISOR will have several AT-09 Bluetooth modules installed, there 
will also be different functionalities that must be taken into consideration for power 
consumption. 
 
On the helmet module, there will be one AT-09 Bluetooth module that will be 
treated as a receiver to retrieve all of the data coming from the motorcycle module. 
The AT-09 Bluetooth module offers several modes at which it can be functioning 
at including an active mode or one of three low power modes. For VISORs 
purposes, the active mode will be implemented in order to optimize speed and 
performance. This is necessary for the system considering the importance of the 
data that is being transmitted from the motorcycle to the helmet.  
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The helmet module will be using the AT-09 in the Active Mode Rx. Running at a 
voltage of 5V with a typical supply current of 17.9mA, the AT-09 will still provide a 
very manageable power consumption rating for the system. Although the low 
power modes that the AT-09 Bluetooth module offers are very intriguing by drawing 
as low as 0.5µA, the performance of the module is a factor that cannot really be 
sacrificed. 
 
On the other hand, the motorcycle module will be utilizing the AT-09 module for a 
different purpose. Here, there will be two AT-09 Bluetooth modules: one for the 
emergency system and another one for the central MCU that will be gathering 
sensors on the motorcycle. They will be on separate MCUs, but will still be powered 
using the same battery source. Each of the AT-09 Bluetooth modules here will be 
running in the Active Mode Tx to act as a transmitter to send data from sensors to 
the helmet module to then be displayed on the HUD. The Active Mode Tx that will 
be used also offers a low supply current while running at 5V as well. Drawing only 
18.2mA of current which is almost the same as the Active Mode Rx. 
 

14.1.2 High Efficiency Voltage Converter  

 
For the RPM sensor, operation amplifiers will be used in several filtering and 
amplifying stages. In order for an op-amp to work, it is required to connect a 
positive voltage rail as well as a negative voltage rail. To optimize the use of this 
op-amp, the 12V from the motorcycle battery will be used to supply the voltage for 
the op-amps. To obtain -12V, a high efficiency, DC/DC converter will be used. The 
LTC1174 by Linear Technology is a DC/DC converter that offers inverting which is 
perfect for this application.  
 
Boasting a high efficiency rating of up to 94%, the LTC1174 will provide a reliable 
method for producing -12V without altering the efficiency of the system. Although 
this DC/DC converter is optimized for +5V output applications, it is capable of 
inverting voltages up to 12.5V but with a bit of an effect on the efficiency as well 
as increasing the footprint with more components. Fortunately, the LTC1174 has 
a high efficiency rating to begin which means this application would still experience 
some level of high efficiency.  

 
As seen in Figure 11 below, the efficiency of the LTC1174 takes a considerable 
dip as the input voltage is increased. However, as mentioned before, the very high 
efficiency that the LTC1174 had to begin with allows for VISOR’s application of the 
LTC1174 to still have a very high degree of efficiency by still having over 90% 
efficiency for an input voltage of 12V. Although this figure is for an output voltage 
of 12V, it still provides a solid representation of the change in efficiency with 
respect to input voltage. Linear technology provides a detailed schematic for using 
the LTC1174 in an inverting application for an output voltage of -12V with an input 
voltage of 12V. 
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Figure 11: LTC1174 Efficiency vs Input Voltage 

(Reprinted with permission from Analog Devices) 
  
As seen in Figure 12 below, there is an increase of current output as the input 
voltage is increased. This specific design will provide a -12V output for a 12V input 
voltage at about 73mA. This schematic will be appropriate for its application of 
acquiring -12V to apply to the op-amps used in the RPM sensor. 
 

 
 

Figure 12: LTC1174 schematic for inverting 

(Reprinted with permission from Analog Devices) 
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14.1.3 OLED 
 
There are a variety of different display options that can be used for the HUD. After 
conducting extensive research, the NHD OLED Display was selected primarily for 
its low power consumption.  OLED displays in general offer a very good option 
when it comes to power consumption compared to display output (brightness, 
resolution, and refresh rate). The NHD OLED display requires a fairly low input 
voltage in order to operate with a range of 2.4V - 3.5V. Furthermore, the NHD 
OLED display will also only require between 200mA to 300mA of current in order 
to function properly. Both of these parameters are very solid characteristics that 
this display possesses.  
 
Given that the HUD will definitely be consuming the most power out of any 
component in the helmet module, it is important to minimize its consumptions as 
much as possible to improve overall power management. These values, of course, 
could always be lower depending on the brightness and refresh rate that is used 
on the system. In order to help power management and improve the user's 
experience, the user will be able to adjust the brightness of the display to help 
improve battery life. 
 

14.1.4 Speakers 
 
Although the speakers are not an essential part of VISOR, it is still necessary to 
use the helmet module’s powering system. For the speakers, Bluetooth 
headphones will be stripped and used to communicate with the smartphone. It will 
use its own circuitry and Bluetooth module; however, power will be needed. The 
battery included in the speakers will be removed to facilitate charging the system.  
 
By having all components running off of a single power source, the user only has 
to charge the 7.4V lithium battery instead of having two different batteries to 
charge. The 3V power rail that the TPS7230 3V voltage regulator will provide. If 
the functionality of the speakers is not sufficient with the 3V power rail, the 
ATmega1284p in the helmet module also provides a regulated 3.3V power rail that 
can be used to improve volume of the speakers. 
 
14.2 Battery 
 
The batteries in this project will be the primary sources of power for the two 
modules of the motorcycle. Reliability as well as capacity are two major concerns 
with powering VISOR since the system must not fail at any moment while it is being 
used on the road. The build of the batteries must also be able to sustain the variety 
of conditions it may face in the outdoors. This will help optimize the battery's 
capacity as well as prevent issues such as leakage, swelling, or overheating. 
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14.2.1 Lithium-Ion 
 
The power source required for the helmet module of VISOR will have to be a 
portable source that is also easily rechargeable. Lithium-ion batteries offer the best 
solution to this problem for they have high charge densities which allow for 
compact dimensions per cell of lithium-ion. A single cell of lithium-ion batteries 
holds a potential of 3.7V. Each cell is capable of safely charging up to about 4.2V 
and discharge all the way down to about 3.0V. For VISOR, a single cell would not 
be sufficient for some of the requirements that are posed by the other electronic 
components. To satisfy the needs by VISOR, a battery pack containing two cells 
of lithium-ion will be required. With two cells, the battery pack will have a voltage 
of 7.4V that can be charged up to 8.4V and discharged down to 6.0V without 
running into any issues with the battery.  
 
Battery life is another key aspect that has to be looked at in order to help ensure 
the helmet module can be powered for several hours. After calculating the amount 
of current being drawn from the helmet module, the battery should have a fairly 
large capacity of at least 2000mAh. Once again, the size of the battery must be 
taken into consideration for lithium-ion batteries since larger capacities tend to be 
larger in size. Depending on the characteristics of the battery also depends a safe 
current that can be drawn out of the battery. The supply current must be less than 
the maximum allowable current output of the battery in order to meet safety 
standards since there are risks of damage to the battery and possibly even to the 
user. 
 

14.2.2 Sealed Lead Acid 
 
To supply power for the motorcycle module it was decided to simply use the battery 
installed already on the motorcycle. This lead acid battery offers a very reliable 
power source for our system that can be manipulated to meet the needs of the 
electronics in the motorcycle module. These batteries often hold massive 
capacities that allow for a lot more freedom when it comes to leading. 
 
Another positive aspect of using the lead acid battery on the motorcycle is that it 
will require no maintenance since the battery is automatically recharged by the 
motorcycle itself. This allows for less responsibility from the user as well as less 
manufacturing costs for VISOR. The lead acid battery that is on the motorcycle 
that will be used for testing purposes has a rated 12V and 8.6Ah capacity. This 
should be sufficient enough for the motorcycle module’s low overall current draw. 
 
14.3 Battery Charger 
 
Using a rechargeable battery is a necessity for VISOR in order for it to be a user-
friendly device. Battery charging can be tricky due to its multiple parameters that 
must be satisfied in order to have a safe and reliable system. Current ratings and 
battery chemistry are the two most important characteristics that should be 
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analyzed to ensure the proper charging system is being used for the chosen power 
source. Factors looked at into battery charging are feasibility for users, reliability 
of charging, and speed of charging. These factors will be met through proper 
research and design of a charging system along with a protection system to deal 
with the dangers that are associated with battery charging. 
 

14.3.1 Lithium-Ion Battery Charging System 

 
Charging a lithium-ion battery requires looking into a variety of factors. One of the 
most methods of charging a lithium-ion battery within a portable system is by using 
a microUSB battery charger. Although these microUSB chargers offer efficiency, 
low cost, and reliability, it is not entirely applicable for this specific application. USB 
is only capable of applying up to 5V which will not be sufficient for the two-cell 7.4V 
lithium-ion battery that will be in use for VISOR. Different approaches can be taken 
to charge a 7.4V battery with a microUSB, however, there are issues regarding 
efficiency, costs, and reliability. Fortunately, Tenergy offers an option that is 
compatible for VISOR.  

 
The Tenergy TLP-4000 Smart Charger offers multiple features that satisfy the 
needs of a successful charging system for a portable device. The Tenergy TLP-
4000 Smart Charger is capable of charging lithium-ion battery packs of one cell up 
to four cells with a capacity larger than 1000mAh. This means that it will be 
compatible with the battery pack that will be implemented in the helmet module. 
This charger also provides a user-friendly interface by providing a simple 
procedure for charging by using a standard wall plug for the input and leads that 
can be customized to have a JST connector applied for easy and secure 
connection to the battery.  
 
There is also an LED to indicate the charging status of the battery. This battery 
charger also has a built in MCU for voltage detection of the battery to appropriately 
charge and prevent overcharging with very little error at a tolerance of +1.5%. The 
charging current of this charger is rated at 1A which will allow for rapid charging of 
the battery as well as a safe input current that will not damage a lithium-ion battery. 
For the battery with a capacity of 2200mAh, the charger should be able to fully 
charge the battery in less than three hours.  

 
The Tenergy TLP-4000 Smart Charger also provides several levels of protection 
that will help ensure the standard of safety that VISOR requires as well as prolong 
the lifespan of the battery. There is over voltage protection that is done using a 
Zener diode. Other levels of protection the Tenergy TLP-4000 Smart Charger 
offers is short circuit protection as well as reverse battery connection protection. 
The motorcycle module will not require any form of a charging system since the 
module will be powered by the motorcycle battery which is automatically charged 
by the motorcycle itself. 
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14.3.2 Battery Protection Circuit 
 
Dealing with lithium-ion batteries in a portable setting are very beneficial, however, 
they can also be very dangerous if the proper precautions are not practiced in 
design. Lithium-ion batteries can act in a very volatile manner for a variety of 
reasons, more commonly due to high current drawn from the battery. To help solve 
this issue, a protection circuit is necessary to avoid the damaging consequences 
of a lithium-ion battery under hazardous operating conditions. When selecting the 
proper lithium-ion battery for the helmet module, it is necessary for the protection 
circuit to be built into the battery. This will result in a larger footprint of the battery; 
however, the safety of the user will definitely outweigh this slight drawback. 
 
Dealing with lithium-ion batteries in a portable setting are very beneficial, however, 
they can also be very dangerous if the proper precautions are not practiced in 
design. Lithium-ion batteries can act in a very volatile manner for a variety of 
reasons, more commonly due to high current drawn from the battery. To help solve 
this issue, a protection circuit is necessary to avoid the damaging consequences 
of a lithium-ion battery under hazardous operating conditions. When selecting the 
proper lithium-ion battery for the helmet module, it is necessary for the protection 
circuit to be built into the battery. This will result in a larger footprint of the battery; 
however, the safety of the user will definitely outweigh this slight drawback. 
 
The Tenergy 7.4V lithium-ion battery provides a built-in protection circuit that offers 
protection to the battery in the event of either over charging or over discharging. 
Although the battery has a discharge cut-off voltage of 6.0V, the overcharge 
protection of the battery has an overcharge detection voltage of 4.25V. For the 
over discharge protection of the battery, there is an over discharge detection 
voltage of 2.40V as well as an over discharge current detection current of 7.5A. 
Both of these qualities of the protection circuit of the Tenergy 7.4V battery will 
provide VISOR with a safe and reliable source of power.  

 
Although the VISORs helmet module will not be discharging or charging the battery 
anywhere near these rates, it provides a sense of reliability in a worse-case 
scenario event such as a short circuit within the system for any reason. Having this 
technology incorporated in the battery will eliminate any circumstance in which the 
user is faced with danger due to the lithium-ion battery. 

 

14.4 Emergency System 
 
The emergency system requires a high grade of reliability when it comes to 
supplying power to it. The main component of VISOR’s emergency system will be 
an accelerometer that will help detect whether there has been an accident. It is 
important to supply power to this accelerometer at a rating that allows the sensor 
to operate a high level. Low power modes will not be used and will not affect the 
design in terms of efficiency as much since it will be powered by the motorcycle 
battery which allows for a lot more freedom when it comes to loading.  
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14.4.1 Accelerometer/Gyroscope 
 
VISOR will have a MPU6050 3 Axis accelerometer/gyroscope as its sensor in the 
event of an accident with the motorcycle on the road. The MPU6050 offers low 
power modes, however the normal operating conditions for this device are still very 
conscious with respect to power consumption. It operates at a voltage ranging from 
2.375V to 3.46V. Although the lead acid battery on the motorcycle allows for a lot 
more freedom for loading, one must still attempt to avoid drawing too much current 
from the battery to avoid battery drainage and damage. The MPU6050, fortunately, 
requires a very low current of 0.5mA in order to operate at its normal setting. This 
normal setting will allow for the MPU6050 to operate at its highest frequency which 
will provide VISOR with the most accurate and frequent readings about the status 
of the motorcycle.  
 
The MPU6050 is definitely an appropriate option for the emergency system with 
regards to power management. It provides VISOR with a highly functional 
accelerometer/gyroscope with minimal power consumption or requirements for 
powering. 
 

14.5 Microcontrollers 
 
Microcontroller selection for VISOR depends on multiple deciding factors such as 
pinouts, communication protocols, speed, and overall power consumption. 
Microcontrollers typically offer a variety of different power modes at which they can 
be operated at. This will depend on the function of the microcontroller in its 
application. These power modes alter the amount of power consumption the 
microcontroller will need by changing the clocks and capabilities. For instance, in 
the active mode, a microcontroller will consume the most power but will also have 
the highest performance where as low power modes will sacrifice performance to 
save power. VISOR will be using both the ATmega328p and the ATmega1284p in 
order to conduct its designated instructions to control the peripherals.  

 
14.5.1 ATmega328p 

 
The most influencing factor for speed in a microcontroller is the clock rate at which 
it is running at. The higher this clock rate is, the more instructions can be performed 
in a period of time. For the ATmega328p, in order to increase the clock rate to 
improve microcontroller performance, more power must be applied. The ATmega 
can operate at voltages ranging from 1.8V to 5.5V. The clock rates range from 
0MHz to 20MHz depending on which power mode is being used by the 
ATmega328p. The several low power modes that the ATmega328p offers are very 
enticing for they will consume minimal amounts of power from the source. This is 
a huge advantage of using these low power modes especially within the 
constraints placed by the power sources chosen.  
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However, for the purposes of VISOR, the Active mode will be required in order to 
meet the criteria of this project with regards to computing power since the low 
power modes sacrifice too much when it comes to clocks used and speeds that 
the ATmega328p can be operated at.  
 
With this in mind, the adequate clock rate must be selected along with a power 
rating that will not affect the overall performance of the system. By analyzing Figure 
13 below, it is easier to compare the different options available for running the 
ATmega328p. Consideration will also be put forward to having a using a standby 
mode for the VISOR allowing for the clocks to be able to run at a lower frequency, 
in short meaning the ATmega328p should be able to operate in Active and low 
power mode which will be prompted by either user input or system input such as 
low battery or as mentioned earlier allowing the system to enter some form of a 
standby mode. 
 

 
 

Figure 13: Active Supply Current vs Clock Rate for ATmega328p 
(Reprinted with permission from Microchip) 

 
To make use of the ATmega328p’s 5V digital pins, there will be a 5V power rail 
applied to the microcontroller. By analyzing the figure above, the 5.0V curve is 
used to obtain the most accurate and relatable supply currents and frequencies. 
The default frequency for the ATmega328p is set at 1MHz. For VISOR’s needs, 
this clock rate will be sufficient enough to conduct all of the tasks that it will be 
conducting. As seen in the Figure 13 above, there is a steeper slope of the curves 
in the frequency range of 0MHz to 4MHz when compared to frequencies greater 
than 4MHz. This will result in lower current consumption and overall better power 
efficiency. By following the 5.0V curve to the frequency of 1MHz, one can see that 
the supply current needed is minimal at a value of roughly 0.9mA. Despite 
operating in the active mode, this is still a very low rate of consumption for the 
ATmega328p which will be very beneficial for VISOR’s purposes since there will 
be multiple chips used simultaneously. Table 8 below will provide additional 
information about how supply current differs depending on the clock rate used. 
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Table 8: Power Supply Current ATmega328p 
 

 
 

Paying close attention to the data relating to the active mode with Vcc = 5V, there 
is a relatively high current consumption. Consuming currents as high as 9.0mA, 
the active mode running at 8MHz offers a very high-performance rating. However, 
as mentioned earlier, a clock rate of 8MHz would be unnecessarily high for 
VISOR’s purposes. Running the ATmega328p at a clock rate that high will not 
provide much of an advantage with respect to computing power but will affect 
power efficiency by consuming about ten times more power. 

 
14.5.2 ATmega1284p 

 
Similar to the ATmega328p, the ATmega1284p has an operating voltage range of 
1.8V to 5.5V. There are also a variety of power modes that can be used for the 
operating voltages that correspond to different performance ratings. Once again, 
for the purposes of VISOR, there is no dire need for an extremely high-speed rating 
from the microcontrollers. Running the ATmega1284p at a clock rate of 1MHz will 
be sufficient to conduct the tasks needed. Using Figure 14 below, the data from 
the 5.0V curve will provide the data needed to compare the different supply 
currents for the ATmega1284p and the clock rate. 
 

 
 

Figure 14: Active Supply Current vs Frequency for ATmega1284p 
(Reprinted with permission from Microchip) 
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The ATmega1284p offers very similar characteristics to the ATmega1284p in 
terms of the relation between the power consumption and the clock rate. For 
frequencies below 4MHz there is a bigger drop-off in current consumption for all 
voltage levels between 1.8V to 5.5V. By further analyzing the figure above, if the 
default setting for the ATmega1284p of 1MHz clock rate is used, there is minimal 
amount of supply current of roughly 1.4mA. This is higher than the supply current 
needed when compared to the supply current for the ATmega328p due to the 
ATmega1284p’s higher capabilities and computing power. Continuing to follow the 
5.0V curve of the figure above demonstrates higher power consumption ratings as 
frequency increases which, once again, is not necessary for the purposes of this 
project. 
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15. Standards 
 

Due to the nature of this project it will be subject to several standards, some set 
forth by the governing bodies some set forth by ourselves to create the highest 
level of project we are capable of. Each sub section will discuss a relation of a 
standard or group of standards to a section of our project and how it effects our 
design procedure and choices around this section. It should be noted that although 
some standards are intended for the system to be obtained and are therefore set 
forth as a requirement there are also standards that are used as an equivalent 
benchmark for future improvements if needed. These standards set a high bar that 
may not be reached in the duration of this project but are an attempt to guide the 
project in the correct direction to allow for future developments to fall in line with 
these standards. 
 

15.1 Helmet 
 
One of the most important aspects of this project is safety, this means that first and 
foremost that the modifications done to the helmet must not cause the helmet to 
fall below the standards set forth by the DOT, FMVSS 218. As this is the minimum 
standard a helmet must pass to be considered safe for wear. This is the only 
standard used in this project that does not have a background with electronics or 
communication-based background.  
 
This impacts our design choice by physically limiting how heavily we can modify 
the internals of the helmet and how we must compensate or overcome any fitment 
challenges. For example, drilling into the helmet will void its DOT rating, removing 
to much internal EPA foam will void its DOT rating or any other modifications that 
would compromise the maximum damage the helmet could sustain. This pushes 
our design to have externally mounted components that are easily detachable 
similar to an action camera design. 
 
A second standard that is crucial to user safety is IEEE 1679.1:2017 which governs 
lithium-based batteries, the reason this standard was chosen was due to the fact 
that our system will be rechargeable if this was not the case it would have fallen 
under a different standard. This standard covers stationary batteries which ours 
falls into due to the fact that it is mounted securely to the helmet and therefore 
cannot be moved while under transportation (look more into this standard) 
 

15.2 Motorcycle 
 
Although it is considered to be an independent component of the rest of the system 
the emergency system still falls in to the motorcycle category, the primary standard 
that it has to follow is ISO 11898-1:2015 which although not fully applicable to our 
project is a standard we have set for ourselves to follow as closely as possible as 
it covers wireless data transmission for road vehicles we differ from the standard 
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in the fact that we are not likely to use the CAN method of transmitting data. But 
aside from that we are following the data rate described this standard. This 
standard does not introduce any major constraints to our project as we are capable 
of working alongside this standard and due to it being a personal choice to follow 
so failure to do so will not have any major impact on our projects completion. 
 

15.3 Both Helmet and Motorcycle 
 
RoHS also known as Directive 2002/95/EU controls the amount of harmful 
materials that can be found in electronics and electrical components. Whether a 
component is RoHS compliant is outside of our control however we can look to 
make sure that the components we do select for our project follow this compliancy 
but if no other components meet our requirement we may have to select a 
component that is not RoHS compliant. The standards and compliances that we 
determined to be most relevant to our project is shown below in Table 9. 

 
Table 9: Standards and Compliances 

 

ARINC 764 Aerospace HUD 

FMVSS 218 DOT standard for helmet safety 

IEC 61508 Functional safety 

IEEE 802.15 Bluetooth communication 

IEEE 1679.1:2017 Lithium based battery 

ISO 11898-1:2015 Data logging 

RoHS Non-lead based electronics 

 
15.4 Software 
 
Android Standards: Android follows the coding standards laid out for the Java 
programming languages with the addition of a few more. [1] 
 
Java Language Rules: 

• Don’t ignore exceptions 

• Don’t use generic exceptions 

• Don’t use finalizers 

• Fully define imports 

 
Java Style Rules: 

• Use Javadoc standard comments 

• Write short methods 
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• Define fields in standard places 

• Limit variable scope 

• Order import statements 

• Use spaces for indentation 

• Follow the field naming conventions 

• Use standard brace style 

• Limit line length 

• Use standard Java annotations 

• Treat acronyms as words 

• Use TODO comments 

• Log sparingly 

• Be consistent 
 
Arduino Standards: Arduino does not specify any standards to writing programs 
for their platform. However, they do specify styles for example code that will be 
posted to their website. The specifications are intended to increase the readability 
of the produced code and will thus be easily understood. We will adopt some, but 
not all of the specifications specified to increase the readability of our code. [2] 
 
Arduino Style Rules: 

• Put your setup() and loop() functions at the beginning of the program 

• Comment every variable or constant declaration with a description of what 
the variable does 

• Comment every code block before the block 

• Comment every for loop  
• Avoid single letter variable names. 
• Explain code at the start 

 

15.5 Optical 
 
The ARINC 764 standard outlines the HUD criteria that needs to be adhered for 
the proper implementation for aviation pilots. It describes the physical form factors, 
fit dimensions, electrical interface definition and typical HUD functions. The HUD 
system provides primary flight, navigation and guidance information to the pilot in 
the forward field of view. The HUD accomplishes this by projecting images onto a 
combiner positioned in front of the pilot. The displayed image is collimated 
(appears at infinity to the pilot) and conformal. The conformal nature of 
the symbolism presented to the pilot allows the pilot to see flight information and 
guidance cues together with the outside world visual cues. The system displays 
sufficient data to enable the flight crew to control the aircraft, particularly in low 
visibility operations. In addition, the standard outlines an Enhanced Vision System 
which incorporates the sensor information about the vehicle and displays them on 
to the HUD for the pilot. Although our product is not designed for aviation use, it 
does need to have the image collimated at infinity and the information from the 
sensors around the motorcycle.  
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16. Constraints 

Different constraints have been taken into consideration for this project. The 
constraints considered affect the design decisions of the final design and are 
discussed below. These constraints range from ABET provided constraints such 
as ethical impact of the project to more personalized constraints such as time and 
financing of the project. As mentioned beforehand these constraints dictate the 
future direction of the project and how certain aspect will be handled such as the 
purchasing of components and possible tradeoffs to be made based on these 
constraints rather than technical constraints. 
 

16.1 Economic and Time Constraints 
 
The VISOR project faces multiple economic and time constraints throughout the 
design process. These constraints pose the biggest threats towards the success 
of this project and must be able to be monitored closely in order to avoid any major 
setbacks to the project.  
 
Given the complexity of this project along with the multiple requirements that must 
be met, time becomes a crucial factor. This, along with the condensed summer 
semester schedule, will mean that the working pace for this project will be very fast 
paced as well with very little room for any type of delays. Preparing a strategy 
along with effective design and research will play a major key in our ability to defeat 
this time constraint. With solid preparation, there will be less of a load when it 
comes to the prototyping phase as well as the final product. This will ultimately 
help in the event that there is a drawback within the process. There are a few things 
that can be done in order to minimize the effect of this time constraint on the 
project. Frequent meetings as well as a very high level of communication is 
necessary within our group in order to overcome this constraint that comes along 
with the summer semester schedule. 
 
Economically speaking, there are also some complications that this group will face. 
The most evident economic constraint that this group faces is the fact that the 
project is not being sponsored by anybody else. It is our duty to pay for all parts of 
this project. With our lack of income collectively as a group, this constraint may 
ultimately become one of the most damaging constraints of all for this project. To 
help overcome this constraint, extensive research of components is to be 
conducted in order to help ensure the cheapest option for the project that still 
provides us the best performance.  
 
Couponing will also play a big role with the expenses of this project for they will 
also help reduce the costs for this project whether it is special deals with a certain 
website, free shipping, etc. A very helpful tool that can be used for online 
purchases is Google Chrome's Honey application. The Honey application 
automatically searches for any deals that may apply to your shopping cart and 
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automatically applies the discounts for you. This tool will help us optimize the 
amount of savings we can generate for online purchases.  

 
16.2 Ethical, Health, and Safety Constraints 
 
With almost any technologically based project, there are a number of ethical, 
health and safety constraints that must be put on notice. By considering these 
constraints, we are able to ensure VISOR's minimal impact on the health and 
safety of the users as well as anybody else that may be affected by this technology. 
 
The sole purpose of this project is to enhance the safety of motorcyclists. In doing 
so, there are some ways in which this technology can possibly even be harmful to 
the user since there is electrical circuitry running through the helmet of the user. 
Some of the possible dangers that may come along with this project is the 
possibility of the user experiencing electric shock from the helmet due to a poor 
connection, burning due to the overheating of the components, or even serious 
injury in the event that the battery experiences a fatal damage in which the battery 
explodes on the helmet.  
 
To avoid this issue, all connections will be made more secure by using safer 
methods of connection other than simply soldering parts to each other. 
Furthermore, after assembly, each module of the project will be thoroughly 
inspected in order to reassure that all connections have been correctly made. After 
the inspections, the device will be tested several times without a human wearing 
the helmet or even on the motorcycle. Until the device has been fully inspected 
and tested, the device will not be worn by a human.  
 
There are no real ethical constraints faced with this project for a variety of reasons. 
This project does not collect any personal data, nor does it deal with anything that 
may invade a user's privacy. The one possible ethical constraint that will be taken 
into consideration is testing on human subjects. By being one of the first humans 
to test this technology, subjects are faced with the possibility of facing some kind 
of danger since they are the first subjects to have the technology tested. This 
constraint can become cumbersome to the project since testing is a vital part to 
any design process. If the device cannot be appropriately tested, it is difficult to 
determine the functionality of the device.  
 

16.3 Environmental, Political, and Social Constraint 
 
There is no doubt that VISOR's impact will be very much present in societies 
around the world due to the mass popularity of motorcycles. The dangers that 
come along with the use of motorcycles have forced governments around the world 
to place tougher and stricter rules when it comes to motorcycles and motorcycle 
helmets. In order for VISOR to be a successful and useful product, it must comply 
with all of these regulations.  
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One of the political constraints that VISOR faces is with the U.S Department of 
Transportation. The USDOT has several standards including FMVSS 218 which 
limits the amount of modifications one can make to a motorcycle. This limits our 
ability to modify the helmet such as not allowing to drill holes in the helmet and/or 
removing too much of the internal padding of the helmet. Our procedure for 
installment and assembly of the system will have to pay attention to detail by 
creating a mounting system that is both safe and secure without the need of 
violating some of the standards placed by the Department of Transportation. As 
far as environmental constraints, there are no real issues concerning this project 
due to VISORs lack of environmental footprint.   
 
VISOR's societal impact is very much evident due to the popularity of motorcycles 
around the world. This technology will have a multitude of benefits for society by 
improving motorcycle safety to users. One societal constraint, however, can result 
in the ability for VISOR to be available to all users around the world. This 
technology should ideally be implemented in every motorcycle helmet; however, 
cost and accessibility may be an issue in its attempt to be a global product. VISOR 
requires the user to have a smartphone with Bluetooth capabilities in order for the 
system to function properly, this can be another issue as not every motorcyclist 
around the world may have access to a smartphone. There are no real immediate 
solutions to this issue.  
 
The one advantage of using VISOR is that it is compatible with any smartphone 
with Bluetooth technology no matter how expensive or cheaper the smartphone is. 
A simple Android smartphone of roughly $100 is more than capable of running 
VISOR without any issues. Reducing the total cost of the VISOR project is the best 
way in which we can overcome this constraint. By producing the product with the 
least manufacturing cost, the more accessible it will become to society. 

 
16.4 Manufacturability and Sustainability Constraints 
 
Some of the most threatening constraints that VISOR deals with is the 
manufacturability and sustainability of this product. The restricted dimensions that 
this project deals with is a major constraint that must be taken into consideration 
in the design process of this project.  In order to enhance the safety of the user, all 
electrical components, such as the PCB and the battery, will have to be installed 
in an external casing on the helmet. This implies that the components will have to 
have the smallest footprint possible. This can become difficult in the design 
process since a small footprint typically implies a less efficient system.  A balance 
between small footprint and efficiency will have to be met to create the most 
effective system possible.  
 
VISORs technology will require a very minimal amount of sustainability. VISORs 
few requirements from the user is what makes it such a universal device. This 
technology in reality only requires for the helmet module battery to be recharged 
and to be operated in a manner that favors that lithium-ion chemistry. Extending 
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the life of the battery can be done by properly charging the battery which includes 
fully charging the battery when it is being charged and to not allow the battery to 
be fully drained that often. Other than the battery, there are no other maintenance 
requirements for this system. By practicing proper use and maintenance of the 
lithium-ion battery, this sustainability constraint should be diminished to a much 
more manageable margin. 
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17. Mounting of System 
 

In this section the methods of mounting components will be discussed and where 
they will be mounted. It will include the reasoning as to why a certain location was 
picked over others and what considerations were taken while selecting the area. It 
is important to select the correct mounting location for these components to 
increase correct data feedback with minimal interference from the motorcycle or 
additional external factors. Maintaining the safety of the user is imperative, and the 
method of mounting will allow the detachment of the component in the case of an 
accident. 
 

17.1 Draft 1 for Helmet 
  
The current design for the helmet module is shown below in Figure 15 and Figure 
16. The limited space available to mount the system poses a challenge to the 
project, and the mounting locations will be tested and modified through iterations 
to determine the optimal mounting locations. Section 1 in Figure 15 will contain the 
majority of the module including the MCU, power supply, and the BLE modules. 
Section 2 in Figure 16 will contain the optics necessary to project the HUD onto 
the visor of the helmet.  
 
Another concern is the additional modifications that may be required to have the 
system fit, the primary concern is that these modifications and the extent that alter 
the helmet is limited by FMVSS 218 which is the DOT approved standard which 
measures the helmets effectiveness in a crash. As is mentioned in section 15.1 
where standards relating to the helmet are discussed it explains the modifications 
that are allowed and not allowed in terms of what will make the helmet lose its DOT 
rating.  
 
During the second phase of the project, it was determined that the projection onto 
the visor itself would not be possible due to the budget and time constraint. The 
solution that was implemented is shown below in Figure 17. The projection housing 
is still inside the helmet. However, a mirror is mounted onto the side of the helmet 
and the OLED display will be projected onto it.  
 

 
 

Figure 15: Helmet System Mounting Location Part 1 
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Figure 16: Helmet System Mounting Location Part 2 
 

 
 

Figure 17. Final Helmet System 
 

17.2 Draft 1 for Motorcycle  
 
The current design for the motorcycle module is shown below in Figure 18. The 
mounting locations of various parts were decided by considering their optimal 
mounting locations depending on their functionality. Section 1 in Figure 18 will 
contain the emergency system, and the central MCU that will be responsible of 
sending the various sensor data from the motorcycle module. Section 2 in Figure 
18 will contain the blind spot monitoring system, as well as the RPM counter. The 
blind spot monitoring system will be mounted on both sides, since the system will 
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need to track both sides of the user. Section 3 in Figure 18 will contain the gear 
shift indicator.  
 
During the second phase of the project, it was determined that the blind spot 
system mounting would be best to be mounted in Section due to the close proximity 
to the MCU. 
 

 
 

Figure 18: Motorcycle System Mounting Locations 
 

17.3 Justification and Details 
 
In this section the mounting and communication between microcontrollers and the 
Bluetooth modules will be discussed. It will highlight why certain mounting 
locations were chosen over others and what criteria was used to determine the 
reason. It will also use images alongside text-based explanation to provide a 
clearer image of where the exact locations are on the motorcycle or helmet. It will 
also cover mounting methods and possible issues that may occur with the selected 
position. It will not cover an in-depth analysis of why certain mounting materials 
were used over others but will provide a short reasoning as to why.  
 

17.3.1 Microcontroller Mounting  
 
The microcontroller mounting is split in to two locations, one being the helmet 
mounted system and the other being the motorcycle mounted system. The location 
for these microcontrollers is important since they will be placed in a location where 



   
 

79 
 

it will receive the maximum amount of airflow and produce the minimum amount 
of interference, on the helmet the microcontroller will be mounted on the rear of 
the helmet, the reason for mounting it here is due to the natural aerodynamic shape 
of the helmet flowing air towards the back of the helmet, it will also be a location 
where the least amount of damage is likely to occur the microcontroller and 
surrounding components this is due to the fact that a crash will often have a helmet 
grind over the road on its side meaning side damage is most common.  
 
Another reason for a rear mounted microcontroller is because it will cause the least 
amount of wind interference at higher speeds, at lower speeds the wind force the 
system is subjected to is minimal but will increase rapidly as the speed increases 
at speeds of 70 mph an extension to the side or top of the helmet could cause 
additional discomfort to the user by pulling the users head in the direction of the 
location of the system. 
 
In Figure 15, the back of the motorcycle helmet is shown with the area where the 
microcontroller will be mounted is circled and labeled as. The easiest way to mount 
this helmet and manage the curvature of the helmet is by using double-sided foam 
tape at the edges of the system that stick out pas the curvature, however the parts 
that sit flush with the helmet will be mounted with a strong adhesive Velcro material 
so the system could still be removed from the system for maintenance if it is 
needed.  
 
For mounting on the motorcycle multiple locations will be used since there are five 
total microcontrollers, four of which are directly connected to a measurement or 
data collection function and one used as a central MCU to transmit data to the 
helmet system as is needed. The four microcontrollers used for data collection are: 
RPM, Sonar, Gear shift indicator and emergency detection.  
 
The RPM microcontroller and Sonar microcontroller will be mounted near the 
cockpit of the motorcycle underneath the covers for the ram air-intakes. The 
primary reason for mounting it here is accessibility while still taking the path with 
the shortest distance from measurement to the microcontroller to prevent any 
additional interference coming from the motorcycle. It is also a location that 
prevents damage from the elements or road debris that might fly up and hit the 
motorcycle. The wiring from this location to other parts of the motorcycle is also 
easily doable, since an existing wiring loom is situated in the same location and 
can be traced down to the battery of the motorcycle to power the device.  
 
In Figure 18, a view of the cockpit is shown and the cover for the ram air-intake 
under which the microcontroller is to be mounted. For the emergency detection 
system and central MCU, the location will be underneath the pillion seat. This is 
the location used because of where the emergency detection system will be 
mounted, which is in the same location as its microcontroller. This location is 
provided from all external elements except for heat but that will not be a major 
issued due to the use of heat shielding used below the mounting location.  



   
 

80 
 

In addition to shielding from elements it is also the largest free space on the 
motorcycle for mounting equipment. In Figure 18, the area labeled “1” is the pillion 
seat location which is where the emergency detection system and central MCU 
microcontrollers will be located. The area labeled “2” is referring to the two pieces 
of plastic covering the mounting locations. The side that the microcontrollers will 
be mounted below the left-hand side. It will be secured using zip ties attached to 
the main wiring loom on the motorcycle allowing for flexibility in mounting location 
and due to size constraints is the easiest option to use.  
 
The location for the gear shift indicator microcontroller will be located slightly above 
the area labeled “3” this will be near the battery of the motorcycle and away from 
any road debris that might be kicked up near this area. It will be secured using a 
high strength double sided tape.  
 

17.3.2 Microcontroller Connection to the System   
 

The microcontrollers are connected to the system using two methods SPI and BLE. 
The dataflow from the components on the motorcycle to the main central MCU is 
all done over SPI. This was done to reduce the cost and coding intensity required 
to operate the system instead opting for transferring the data over SPI.  
 
Another consideration was the distance the data must travel where SPI for this 
scenario made more sense. All data collected on the motorcycle after being 
transferred to the main central MCU, which has enough storage to handle the data 
and sending it off without losing anything, will transfer the data to the helmet 
mounted ATmega1284p over BLE. This method is chosen because of the distance 
the data has to travel and the fact that the method allows for the user to be 
wirelessly connected which is safer than being wired to the motorcycle to receive 
data.  
 
The emergency system is the only motorcycle mounted microcontroller system that 
is not communicating with any other module on the motorcycle itself and is instead 
an independent unit that communicates directly with the user’s phone application 
when the conditions for a crash are met. The reason Bluetooth was chosen here 
was based fully on the wireless and distance ability of the 4.0 Bluetooth system we 
are using.  
 
Through further testing in the second phase of the project, the design of the 
motorcycle module was changed to have one MCU to gather sensor data. 
Modularity was the factor for deciding to use multiple MCUs to gather sensor data. 
Due to time constraints, the design was changed to only use MCU. However, the 
emergency system was kept separate to keep the system separate from the main 
system to preserve its independence. The updated diagram is shown below in 
Figure 19. 
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Figure 19: Dataflow of microcontroller 
 

17.3.3 Bluetooth Mounting 
 
There will be a total of four BLE modules on the system that will be integrated, 
excluding the module that is built in to the Android smartphone. The topology of 
the design is shown below in Figure 20. The modules will be designed to connect 
to only one other module and will be dedicated to communicating with only that 
module.  
 

 
Figure 20: Connection between the Bluetooth Modules of the System 
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This decision is based on the fact that switching connections introduces a large 
delay time that will cause data to be sent and received at a slower rate. The 
modules would not be able to send or receive data while they are going through 
the process of searching and reconnecting to another module. Having the modules 
being dedicated to a single module will allow data to be sent continuously, and 
keep the information displayed on the HUD accurate relative to time. With the 
information that is being relayed to the user being time sensitive, it is crucial to 
minimize the time between gathering the sensor data and displaying it on to the 
HUD.  
 
In the case of the emergency system, having an independent connection will allow 
the emergency signal to be transmitted without any disruption to the smartphone 
application. The module will be connected from the beginning, and the connection 
sequence will not be executed during an emergency. The signal will be transmitted 
and received immediately by the smartphone and emergency officials can be 
notified without a large time delay in this time critical situation.  
 

17.3.4 Bluetooth Connection to the System 
 
The helmet module will have two BLE modules that will be connected to the 
ATmega1284p chip. One module will be communicating with the Android 
smartphone to receive the navigation data that will be displayed on the HUD, as 
well as setting the selected sensors that are chosen by the user. The other module 
will be connected to a BLE module on the motorcycle module to receive the sensor 
data that will be displayed on the HUD. The two BLE modules will be interfaced to 
the ATmega1284p through UART and will be polled for data continuously when 
the system is turned on. Regardless of whether the user will be using the 
navigation application, or using all of the sensor data, the system will be ready to 
relay information when the user requests them.  
 
The motorcycle module will also have two BLE modules. However, they will be 
connected to independent MCUs. One module will be connected to an 
ATmega1284p chip that will be connected to the other MCUs that will be used to 
control the sensors. Our design includes a dedicated BLE module for the 
connections, and if we were to have a BLE module for each sensor MCU, we would 
need an equal amount on the helmet, which would not be ideal.  
 
With three different systems needing to send data to the helmet, the helmet would 
need three additional BLE modules along with the BLE module to communicate to 
the smartphone. Instead, we are sending the sensor data to one central MCU, that 
will have a BLE module attached, and send the data to the helmet module. 
Independently, there will be a MCU with a BLE module attached that will be 
responsible for the emergency system functionality. The emergency system will be 
independent of the other MCUs, since it does not need to transmit data to them. It 
will be connected to the Android smartphone to be able to send a notification in the 
case of an accident. The connection will be a dedicated connection as well, and 
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be connected continuously if the device is powered on, and a compatible 
smartphone is within its communication range.    
 

17.3.5 Power and Connection to System 
 
Two set-ups will have to be made in order to connect each of the modules to their 
respective power sources. In order to achieve the highest quality of power supply, 
connection is very important. Simply soldering power rails onto the PCB can be 
unreliable as well as dangerous as the risk for a short circuit increase. To solve 
this issue, JST connectors (male and female) will be used to ensure safety as well 
as a solid connection between the battery and the PCB. In the helmet module, a 
single PCB will be made in order to save space and reduce the number of wires 
running through the helmet. This will imply that only one set of cables will be 
running from the battery. The setup summary is shown below in Figure 21. 
 

 
 

Figure 21: Connection from battery to PCB in helmet using JST 
 

JST connectors are very cheap as well as a very reliable method of connecting 
devices in electronic applications. The PCB will contain the female JST connector 
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while the battery will have the male JST connector. This will also provide a much 
easier interface for charging the battery for the helmet module. Charging will only 
require the user to unplug the male JST connector from the PCB and plug it into 
the female JST connector on the charger.  
 
Moreover, for the motorcycle module, JST connectors will once again be heavily 
used. A single PCB will be made to reduce the number of power wires running 
around the motorcycle. The same procedure will be used as seen in the helmet 
module. In this case, wires from the motorcycle containing 12V will have a male 
JST connector installed on it to then be connected to the female JST connector 
installed on the PCB. This will allow for quick and easy assembly of the system as 
well as a greater level of security. The summary of the system is shown below in 
Figure 22. 
 

 
 

Figure 22: Connection from battery to PCB in motorcycle using JST 
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18. Schematics and Simulation Data 
 
Schematics and simulation data help provide valuable insight as to how a 
component will work under ideal circumstances, this allows for a solid baseline for 
components such as filters to start working from and to verify if a circuit will function 
in the real world. In addition, it will be able to provide feedback on values such as 
current and voltage which can later be compared to the real-world data received 
to ensure the system is operating as expected and if it is not where potential issues 
may lie. 
 

18.1 Efficiency of Voltage Regulators 
 
For the LM2940 an expected voltage output of 5V is expected, a maximum current 
draw of 0.5A is what is allowed. The circuit is designed using a diode for voltage 
feedback exceeding 5V to prevent damage to any of the remaining components of 
the circuit. Figure 23 shows the schematic of the circuit with the capacitor and 
resistor values best fitting a theoretical situation. In Table 10 the values that are 
obtained with changing input values are shown.  
 
It is important to note that these are ideal values and real-world testing may have 
slightly different values due to impedances from wires or internals. As a power 
source the battery at 7.4V is used, to collect simulation data the current draw at 
the input, output and common are measured as the voltage of the battery drops to 
5V as well as Vout which is measured over the resistor R1.  

 

 
   

Figure 23: Schematic using LM2940 5V regulator 
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Table 10: Simulation data LM2940 
 

Vin (V) Vout (V) Input (A) Output (A) Common 
(mA) 

Efficiency 
(%) 

7.4 4.99 .529 .499 30.00 17.8 

7.0 4.99 .529 .499 30.00 18.82 

6.5 4.99 .529 .499 30.00 20.26 

6.0 4.99 .529 .499 30.00 21.95 

5.5 4.99 .529 .499 30.00 23.95 

5.0 4.97 .527 .497 29.9 26.03 

 
The simulation data confirms a low dropout voltage of 0.02V at 529 mA, which 
seems to be lower than what the datasheet provides at almost 0.2V at 500mA. In 
order to calculate the efficiency of this regulator the following equations were used: 
 

 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟

𝐼𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
∗ 100  

 
Where input power and output power are measured in Watts and use the following 
equations: 

 𝐼𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟 = 𝑉𝑖𝑛 ∗ 𝐼𝑛𝑝𝑢𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡  
 

 𝑂𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟 = 𝑉𝑜𝑢𝑡 ∗ 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 
 

As is expected the lower the battery voltage the higher the efficiency, although the 
efficiency of the system will remain low due to inherit functionality of a linear voltage 
regulator. This would indicate the potential of an increased amount of waste heat 
meaning the flow from the helmet should be a central focus in cooling the regulator. 
It should be noted a separate simulation was taken for the 12V power supply from 
the motorcycle, a 500Ω resistor is used for this simulation as the current can be 
lesser for the components that need to be powered on the motorcycle. 
 
Efficiency and heat are not a direct concern at this location due to draw not 
exceeding the recharge capabilities of the motorcycles stator and the heat is easily 
dissipated by applying a heat sink and the mounting location for the heat sink is an 
area where enough airflow exists to cool the component.  
 
For the TPS7230, similar data exists however there is no need to test at the 12V 
range since the regulator will purely exist on the helmet module for regulation of 
voltage for the OLED. As the TPS7230 is not a component available through 
Multisim software, the closest possible, in terms of specifications, is used instead 
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to attempt to represent the real-world data. Using an LT1762CDE-3 which like the 
TPS7230 has a low drop out voltage (300mV compared to 85mV). 
 
Efficiency for this circuit was calculate identically as the LM2940, as mentioned 
before the circuit shown in Figure 24 is using the LT1762 meaning changes such 
as different resistor values and capacitor values will be used to obtain a higher 
efficiency value. The efficiency comparison is shown in Table 11 below. 
 

Table 11: Simulation data LT1762CDE-3 
 

Vin (V) Vout (V) Input (A) Output (A) Common 
(mA) 

Efficiency 
(%) 

7.4 2.99 .609 .598 10.2 17.8 

7.0 2.99 .609 .598 10.4 18.82 

6.5 2.99 .609 .598 10.7 20.26 

6.0 2.99 .609 .598 10.9 21.95 

5.5 2.99 .610 .598 11.2 23.95 

5.0 2.99 .610 .598 11.4 26.03 

 

 
   

Figure 24: Schematic using LT1762 3V regulator 
 

18.2 Charging System 
 
The battery charger show in Figure 25 is using a 1.2 kF capacitor to mimic the 7.4V 
battery being charged at a 1A rate, the things the circuit does not demonstrate is 
the ability to convey the amount of heat produced through the voltage regulation 
since a full bridge rectifier is used to bring down the 120V to 78V and bringing 
down that to 7.4V. The circuit shown also has no built-in protection since the 
battery selected comes with built in protection, it should be noted that a capacitor 
is not an accurate representation of a battery.  
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However, to best represent a battery charging and the time it would take the 
following equations are used: 
 

 𝑊 = 𝑉 ∗ 𝐴 ∗ 𝑇  
 

where W is energy, V is the voltage of the battery, A is the amperage of the battery 
and T is the one hour in seconds, W is then plugged in to: 

 
𝑊 =0. 5 ∗ 𝐶 ∗ 𝑉2 

 
Where V is set to 5V to represent the rated voltage of the battery. The final 
capacitance value calculated is 1.17kF. As mentioned earlier this value is not an 
accurate representation as the discharge and charge times of a battery are heavily 
affected by temperature but for simulation purposes it will suffice to give a general 
baseline, the Figure 26 shows the charging of the “battery” over a 2 hour 
simulation, showing a mostly linear process while realistically the battery will start 
to follow a stronger square root function towards the end of its charging cycle. 
 

 
 

Figure 25: Battery charger mock up 
 

 
 

Figure 26: Simulated charging cycle 
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As can be seen from the Figure 26 a charge of 4.3V is reached after charging for 
2 hours, meaning a 100% charge will most likely take around 4 hours.  
 

18.3 RPM Measurement  
 
The RPM sensor system requires an amplification of roughly 5000, to prevent 
noise from triggering the sensor multiple stages and filters will be implemented, 
first a stage of 100 gain will be used followed by an active low pass Butterworth 
filter will be used, this set up is then repeated again and finally followed by a gain 
of 5 with an active low pass Butterworth filter, this final result is then applied to a 
Schmitt trigger with a 5V maximum output to prevent damage to the ATmega328p. 
To power the TL084 op-amp a LTC1174 DC to DC converter is used to allow for 
12.5V VCC and -12.5V VDD signals. As is shown in Figure 25 the circuit relies on 
two quad op-amps to achieve the required results. It should be noted that for 
testing purposed a 1mV sinewave was used to represent a sparkplug pulse as 
close as possible.  
 

 
 

Figure 25: Schematic of the RPM circuit 
 

The LTC1174 circuit that will be used is taken from the datasheet and simply shows 
the ability to obtain a positive and negative 12V output, however due to the part 
not being available in Multisim the completed schematic is deemed unnecessary 
at this stage, proof of concept that shows the capability to amplify the signal and 
generate the voltage separately are deemed more important in addition that once 
the positive and negative voltage signals are created implementation is very 
straight forward.  
 
The reason the Multisim schematic shows another IC is due to the fact that the this 
component and nothing similar are available through the Multisim library As can 
be seen in Figure 25 above, the first two stages are inverting amplifiers this is done 
because the equation for gain is given as: 
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𝐴𝑣 =
𝑅2

𝑅1
 

 
this allows for even values such as the 100 value we require, the final stage is non-
inverting to prevent the signal from becoming -5V in addition to the fact that the a 
gain of 5 is an odd value meaning we use non-inverting since it has the gain 
equation: 
 

𝐴𝑣 = 1 +
𝑅2

𝑅1
 

 
All the active low pass Butterworth filters that are used are 3rd order filters to better 
allow for an almost perfect square cutoff at the 269 Hz signal. The final stage is a 
Schmitt trigger set to 5V as is shown in Figure 28 showing perfect pulses to be 
measured by the ATmega328p. 
 

 
 

Figure 28: RPM output 
 

18.4 Gear Shift Indicator 
 
The gear shift indicator will be using the US5881 Hall sensor, however to trigger 
the sensor a magnet is required. Neither the sensor nor a method of triggering the 
sensor are available in Multisim. However, in Figure 29 using Easyeda circuit 
design it shows how the sensors are connected to the ATmega328p, from there it 
should be noted that VCC for both sensors is set to 5V and Vout when triggered 
will be in the range of 4V-5V, this in turn will trigger a high output on the 
corresponding digital pin on the ATmega328p. The schematic in this situation does 
not directly address the transfer of data over the AT-09 module but it should be 
noted that the connection for this does not interfere with the connection of the 
sensors. 
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Figure 29: Gear shift schematic 
 

18.5 Emergency System 

 
Like the gear shift indicator, the emergency system using the GY-521 board 
mounted with the MPU6050 chip is not available thru Multisim. However, testing 
procedures for this chip have been performed and the real life simulated data is 
show in Figure 30. 

 

 
   

Figure 30: Angle output from the MPU6050 
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The schematic for the connection between the GY-521 and Nano can be seen in 
Figure 31, like the gear shift indicator schematic no mention is made of the AT-09 
connection with the Nano.  
 

 
 

Figure 31: GY-521 connection schematic  
 

On a final note, all Nanos used in the schematic will be replaced with an 
ATmega328p chip. The primary reason for selecting the Nano schematic instead 
of the ATmega328p schematic is due to the ability to more clearly show the 
connection used and describe the pin out used, for example mentioning pin19 on 
the ATmega328p compared to Digital pin 13 on the Nano this will allow readers of 
the document to more clearly understand the functionality of each pin without the 
need of an additional explanation. 
 

18.6 Sonar Feedback 
 
Due to the lack of software to simulate the sonar detection, other approaches must 
be taken to simulate data that can be read during prototyping. Fortunately, the 
datasheet for the Maxbotix ultrasonic sensor provides information on the analog 
voltage depending on the distance of the object. The Maxbotix ultrasonic sensor 
offers a resolution of up to 1 inch. The datasheet states that for every inch the 
object is away from the sensor, the analog pin should read a voltage of: 
 

𝑉𝑎𝑛𝑎𝑙𝑜𝑔 =
𝑉𝑐𝑐

512 ∗ 𝐼𝑛𝑐ℎ
 

 
Given that the voltage applied to the sensor is 5V, the analog pin voltage can be 
found. Simulating this scenario can give us a rather accurate understanding of 
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what to expect from the prototype. It is unnecessary to do calculations for distances 
less than 6 inches since the sensor is not capable of measuring those distances. 
Table 12 shown below provides the data for the expected results from the Maxbotix 
ultrasonic sensor. 

Table 12: Sonar Theoretical Data 
 

  
Distance (inches) 

 

  
Analog Pin Voltage (Volts) 

6 0.001627604 

12 0.000813802 

18 0.000542535 

24 0.000406901 

30 0.000325521 

36 0.000271267 

72 0.000135634 

108 9.04225E-05 

144 6.78168E-05 

180 5.42535E-05 

216 4.52112E-05 

252 3.87525E-05 

 
As seen in the data above, the voltage on the analog pin of the sensor declines as 
the distance of the object decreases. An emphasis should be placed on the 
distance of 144 inches which is the value that the blind spot monitoring system will 
trigger at. The blind spot detection system will notify the user if it detects a voltage 
that is greater than 67.8168uV, or an object at a distance less than 12 feet away 
from the sensor. It is expected to have less accurate readings for objects that are 
farther from the object due to the very low voltage at the analog pin, however, this 
is more dependent on the quality of the MCU that will be used to read these values. 
 

18.7 Zemax OpticStudio Lens Design 
 
Upon deciding which library of lens manufacturers will suit our needs, the optical 
system design was then implemented into Zemax OpticStudio. This robust 
program has the advantage of inputting initial conditions, weighing several 
constraints with their respective target values, and optimizing the system to meet 
the criteria that you constrained the program to make. However, the program is not 
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perfect and needs to be properly instructed to not arbitrarily select distances that 
are not physically possible (i.e. negative thicknesses, infinite lengths, etc.) These 
are mostly defined in the merit function editor and can greatly aide in the simulation 
of the optical system.  
  
First, the aperture size, wavelengths and fields must be determined before moving 
forward with inputting the design. With the display dimensions known and the 
physical constraints of the helmet given, it was surmised that the aperture size 
would be in relation to the f-number. The initial f-number value was calculated to 
be 1.96. The intermediate image would need to be located 150mm from the last 
surface of the last lens. This image is what the curvature of the visor will use to 
create a conjugate image and this conjugate image is what the driver will see as a 
HUD. The initial maximum field of view from intermediate image was set as 12 
deg. This FOV is sufficient to be imaged from the display and to the visor for the 
driver to be able to see the information without obstructing his vision of the road.  
  
For the design process in Zemax, the system would need to be traced and 
designed in reverse of its intended purpose. Since optics are linear, simply 
reversing the object and image planes will yield the same results. Figure 32 below 
illustrates the layout Zemax rendered for the applications that were mentioned 
earlier.  
 

 
  

Figure 32: Zemax graphical layout of the prescription data 
Right side is the display 

  
It is shown here that the optical system design incorporates two bi-convex lenses 
and two plano-convex lenses. By providing which lenses to use and optimize, time 
was saved by not allowing Zemax to make custom lens design for our application. 
The reason behind our decision not to have custom lenses stems from our budget 
and time restrictions.  
  
In addition to rendering the physical layout of the system, Zemax can render the 
spot size of the image plane once it passes through the optical system. Figure 33 
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below demonstrates the spot diagram. The RMS radius size of the spot was 
calculated to be 188µm which is large compared to the size of the Airy disc, 1.44µm 
which determines the smallest resolution possible of the system. This is a measure 
of the amount a single, infinitely small point can spread from the object to the image 
place. However, the display pixels are not infinitely small, they have real 
dimensions. The goal of the spot size was to see if the system can discern one 
pixel from another adjacent pixel and the resolution of the system is smaller than 
the size of the pixel, which is documented as 192 µm. Therefore, the minimum 
resolution size was reached.  
 

 
 

 Figure 33: Spot Size Diagram 
 

18.7.1 Identifying and Correcting Aberrations 
  
We have met some of our design criteria, however, the system is not a perfect 
imager. There are some third-order aberrations that are prevalent, and one is main 
issue that needs to be addressed in the final stages of the design. Zemax 
measures the third-order (Seidel) aberrations and graphs them at each surface 
and then sums them at the end as Figure 34 demonstrates. The largest third-order 
aberration comes from the spherical geometry of the lenses themselves.  
 
Preliminary designs and paraxial ray tracing assumes that the lens surfaces are 
perfectly parabolic; however, spherical lenses are not perfect and the diagram 
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below is a further demonstration of that fact. To correct this aberration, we could 
add another lens in front of the display. The curvature and power of the lens would 
need to be selected in such a manner that it negates the positive spherical 
aberration. However, in doing so, we would be increasing our expenses on the 
optical hardware and making alignments more difficult.  
 
These are one of the numerous trade-offs that will need to be considered in the 
coming weeks to optimize the optical design. The other aberrations are not quite 
as strong as spherical and therefore do not weigh heavily in our reconsideration of 
the optics. An honorable mention, though, would be coma. Coma is defined as a 
variation in magnification over the entrance pupil. One can notice this effect as the 
image appears to have a tail, like that of a comet.  
 
 

 
 

Figure 34: Seidel Diagram denoting third-order aberrations 

  
During the second phase of the project, changes to the optical system were made. 
As mentioned previously, the achromatic doublets were removed from the design 
and the lenses used would only consist of bi-convex and plano-convex lenses. 
Moreover, we were able to reduce the amount of glassware components 
necessary to image the display. 
 
With the two optical elements selected, we were able to prototype effectively with 
the materials provided. Using the iris as a field stop, we imaged a sharp image 
throughout the system. The final image had a smaller magnification than originally 
intended; however, the resolution of the image superseded the actual size at the 
output.  
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At the output, we placed a curved mirror that had a focal length of 500mm. The 
output image from the lenses and the display was inside the focal length. This 
created a virtual, inverted image to correct the inversion caused by the lenses. This 
mirror was placed on a flexible mount that allowed the user to freely move the 
mirror and image to where the user could adequately see the information displayed 
while also not obstructing their vision of the road.  
 
We were able to create an optical housing to ensure the safety of the optical 
elements while also being compact that we could install inside the helmet. The size 
constraints of the housing and the user’s head all fitting inside the helmet proved 
a challenge. In the end, the housing and one of the team member’s head were 
able to fit inside the helmet comfortably.  
 
Below are the figures that were rendered using Zemax to quantify the performance 
of the lens. Figure 35 illustrates the layout of the optics and the aperture. The 
distance from the display to the center of the first lens is 50.8mm; the other optical 
elements are equidistant from each other at a spacing of 25.4mm. In Figure 36, 
the Seidel diagram shows the third-order aberrations that are introduced by the 
lens system. 
 
As shown the in the figure, the dominant aberration is distortion. This caused the 
image to appear “bulging” which is an attribute of barrel distortion. Another 
aberration was astigmatism; however, this did not affect image quality. Finally, the 
Figure 37 shows the spot diagram at the output of the lens system. The spot size 
is larger than the spot size of the ideal system. However, this did not impact the 
performance of the HUD.  
 

 

Figure 35. Zemax Rendering of the Optical Layout inside the helmet 
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Figure 36. Third-order Aberrations of the Final Design 

 

 

 

Figure 37. Spot diagram of the final design 
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19. Software Info 

The following section discusses the functionality of the software that will be used 
for the project. The major software components are for the Android smartphone 
application, the helmet module MCU, and the motorcycle module MCUs. It will in 
short describe how each component of the software works and how it will interact 
with the physical components it is directly related to.  
 

19.1 Android Application Description  
 
The application would begin by connecting to the necessary BLE modules that are 
on the motorcycle and the helmet. The connection to the motorcycle is the 
emergency system, where the smartphone will act as the master device, while the 
module on the motorcycle will act as the slave device. The BLE module on the 
motorcycle will be considered the peripheral device prior to establishing a 
connection and will be advertising its availability to the central device, the 
smartphone, which will initiate a connection to it.  
 
The data on the smartphone will either be in a state of normal operation, or an 
emergency state of being in an accident. By default, it will be in the state of being 
in normal operation. The smartphone will send read requests to the motorcycle 
module periodically to ensure that a crash has not been detected. In the case of 
the emergency system detecting a crash, the motorcycle module will send a notify 
signal to the smartphone to indicate that a crash has occurred. Once the notify 
signal is received by the smartphone, the application will respond to it by sending 
an alert to the user prompting them whether they need emergency assistance or 
not. In the case that the user is able to respond, they can select “No” if they do not 
require assistance. In the case that they want emergency assistance, they can 
select “Yes” and the application will initiate a phone call to 911. At the same time, 
their emergency contact will be sent a text message explaining the situation, and 
that they are responsive. In the case that the user is not able to respond in the set 
5 minute period, the emergency contact will be sent a text message that explains 
the situation, and the location coordinates of the user. They will be asked to contact 
emergency officials on behalf of the unconscious user.  
 
The connection to the helmet will be used for setting the desired sensors and 
displaying the navigation information. The smartphone will be acting as the master 
device again, and the helmet module will be acting as the slave device. The BLE 
module on the helmet will be considered the peripheral device prior to establishing 
a connection and will be advertising its availability to the central device, the 
smartphone, which will initiate a connection to it. At this point, the smartphone will 
have two BLE connections to peripheral devices. Once the connection has been 
established, the Android application will send notify signals to the helmet module 
that will contain the information of the desired sensors that are selected by the 
user, as well as the navigation data if the user has started the navigation system 
to guide them to their destination.  



   
 

100 
 

The smartphone will be processing the navigation information, and the processing 
load will not be put onto the MCU. The data being transmitted would not have to 
be processed further once it has reached the MCU on the helmet. Only the desired 
sensors will be displayed on the HUD of the user. The overall application flow is 
shown below in Figure 38.  

 

 
 

Figure 38: Android Application Flowchart 
 

19.2 Helmet Software Description 
 
The helmet module would first establish BLE connections to the motorcycle 
module, and the Android smartphone. As mentioned before, the BLE module 
connected to the smartphone will be acting as the slave device. For the connection 
to the motorcycle module, the connection could be established from either module, 
since there will only be a connection to a single device on both modules. In the 
case of the Android smartphone, since there were two connections needed to be 
established by the phone, it is ideal for the smartphone to be acting as the master 
device. 
 
For the initial design, the helmet module will act as the master device and the 
motorcycle module will be the slave device. The motorcycle module will be 
advertising its availability and the helmet module will initiate a connection to it. It 
would also initialize the OLED display as well through the SPI interface. After 
initialization, the helmet module will wait for the sensor, and navigation data to 
display onto the HUD. The display would continuously be updated to display the 
most recently received information. The summary of the helmet module software 
functionality is shown below in Figure 39.  
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Figure 39: Helmet Module Software Description 
 

19.3 Motorcycle Software Description 

 
The motorcycle module consists of several MCUs. Three of which are connected 
to their respective sensors, one connected to those three that will have the BLE 
module connected to it, and one that is independent from them that will be for the 
emergency system. The BLE modules will be dedicated to having and maintaining 
a connection to a single module, and will not be switching connections during 
operation. 
 
The MCUs connected to a BLE module will first establish connections to the helmet 
module, and the Android smartphone. As mentioned before, both the BLE modules 
on the motorcycle module will act as the slave device to the master devices located 
on the helmet module, and the Android smartphone. They will be advertising their 
availability and be waiting for the master devices to initiate the connection.  
 
The MCUs connected to sensors will initialize them if needed and begin collecting 
data from them. The MCUs will gather the data and perform calculations if 
necessary to produce readable data. Then, it would send the data to the central 
MCU via SPI. Once received by the central MCU, it will compile the sensor data 
into a single string to be sent out. Then the central MCU will then send the data 
out via BLE to the helmet module to be displayed onto the HUD. The emergency 
system MCU will be polling data to determine whether a crash has happened or 
not. In the event of a crash, the BLE module would send a notify signal to the 
Android application, and the smartphone would then contact the user's emergency 
contact.  
 
During the second phase of the project, the MCUs on the motorcycle module has 
been changed. There will only be a single MCU gathering sensor data and also 
sending it to the helmet module. The details are discussed more in detail in the 
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Prototyping section. The summary of the motorcycle module software functionality 
is shown below in Figure 40, and 41.  
 

 
 

Figure 40: Motorcycle Module MCU Software Flowchart 
 

 
 

Figure 41: Motorcycle Module Emergency System MCU Software Flowchart 
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20. Prototyping 
 
The prototyping stage allows for the simulated data to be tested against real world 
variables such as resistance in wires or voltage spikes the ideal simulation can’t 
represent. It will also allow for a low-cost method to ensure that the final 
implementation will work in the real-world environment. There are two types of 
prototyping, hardware and software both of which will be described within this 
section. 
 

20.1 Hardware  

 
Hardware is often the what most people associate with prototyping and with this 
project the hardware that will be prototyped will be divided in helmet and 
motorcycle sections to allow more focus on the individual aspects of each and how 
they will be built and powered. 
 

20.1.1 Helmet 
 
The helmet module will require some of the most rigid and strict prototyping out of 
any aspect of VISOR. Due to the safety concerns of the user as well as constraints 
by the U.S Department of Transportation, prototyping must undergo several 
different tests in order to be deemed a safe device to be worn by the general public. 
Devices such as the battery pack, the charging system, and the speakers will be 
heavily investigated in order to have successful prototyping that meets the 
requirements specified for VISOR. 
 

20.1.1.1 Glassware 
 
Once the lenses are ordered, the task of prototyping the optical system design will 
commence. Currently, our goal to mount the optical system is using the 3D printing 
available on UCF campus. This will create the black box for the lenses and display. 
The mounts for the lenses will be provided in the senior design lab. This will allow 
us to begin the prototyping stage in a professional manner. 

Prototyping will begin by using the simulation data as a reference point. Start by 
aligning the display to be perpendicular to the optical axis. The display will be the 
defined as our point of origin. From the display, the lenses will be placed in the 
distances from the display as Zemax specified. At the intermediate image plane, a 
white panel will be placed to ensure that the image produced is sharp enough to 
proceed with the rest of the optical design.  

Once the image has been resolved, the curved visor will be placed and aligned 
properly to ensure that the image can appear to be focused from infinity by the 
user. Here the precise alignment of angles is paramount. On the optical table, the 
mounts will have knobs that change the angles of the lenses to enable us to 
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accurately focus the image. The visor angle and position are fixed since they are 
components of the helmet.  

Below in Figure 42, it shows the 3D printed housing that was designed to hold the 
optical elements that created the HUD. With the dimensions of the system, we 
were able to construct a sturdy housing that had ample space for the lenses to be 
installed effortlessly. We added the project name on the side for aesthetics. At the 
end of the housing, a slit was made to make the final lens moveable to make the 
image in focus for the user. However, we were not able to adequately attach a 
mechanism to make it translate; therefore, we made the lens fixed in one location. 
 

 
 

Figure 42. Optical housing with lenses mounted 
 

20.1.1.2 OLED 
 
With the displays on hand, we will be loading the bootloaders to the 
ATmega1284p. The display will be driven by that chip. To begin prototyping the 
display, the ATmega1284p will be loaded with preset images. These images will 
be determined as pure color images, like pictures of red, green, and blue colors. 
The display will then be connected to an Optical Spectrum Analyzer (OSA). Once 
connected to a computer with the Sphiricon software, the OSA will be able to 
determine the spectrum of the color that the display is emitting. For example, the 
green color spectrum ranges from 510 nm – 565 nm, the OSA will be able to 
indicate which precise wavelength green is being emitted. By using this data, we 
can accurately determine the chromatic shift of the optical system as prescribed 
by Zemax.  

By having the ATmega1284p chip regulating the display and determining which 
information to show the user, we can mitigate where the point of failure stems from. 
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Whether the information being displayed incorrect or missing, we can determine 
that the sensors are at fault. However, if the image is mostly visible, the display 
might have faulty pixels. Unfortunately, if the display contains dead pixels, the only 
remedy would be to purchase a replacement screen. 
 
20.1.1.3 Battery Packs 
 
For prototyping, both power source involved, the sealed lead acid battery and the 
lithium-ion battery, will first undergo several tests and inspections and 
precautionary measures. Once both batteries have passed their tests, they will be 
inspected before installing it to the rest of the system to make sure they are safe 
to use. This inspection will include making sure there are no signs of leakage of 
the battery, proper installment of the JST connector on both the battery and the 
PCB, and a voltage test using a multi-meter to see what the charge is in the battery. 
If the battery passes all of the inspections, it can then be connected to the rest of 
the system for prototyping.  
 
A multi-meter will be used at several locations of the system to ensure stability and 
safe conditions to prevent damage to the battery or any other components. A multi-
meter will be applied to monitor voltage of the battery, current output of the battery, 
and current output of the voltage regulators. By having all of these measurements 
while the system is functioning, valuable data about the status of the circuit will be 
retrieved. For the voltmeter on the battery terminals, one can monitor the voltage 
level of the battery over time as it discharges. This allows for visualizing the rate 
at which the voltage is dropping and at what voltage the system shuts off. As for 
the ammeter on the output of the battery, one can monitor the current output of the 
battery to monitor a safe current supply to the rest of the system that will not 
damage the battery. The ammeters on the voltage regulators will essentially serve 
the same purpose, however, there will be different currents that must be monitored 
due to the different maximum current outputs of the two different voltage 
regulators.  
 
If any of the instruments used reads a value that is out of the limit, the system 
should be instantly shut off to prevent any damage to the components. To undergo 
another stage of prototyping, the battery must be inspected once again 
beforehand. The purpose of all of these inspections and measurements taken 
during prototyping is to help avoid issues with the components to minimize costs 
for replacement parts as well as possible hazardous consequences from 
inappropriate loading to the components. 

 
20.1.1.4 Speakers 
 
Since the speakers are not a crucial component to the system the prototyping of 
them will be a lesser priority than the rest of the system. The motorcycle helmet 
comes with natural cutouts for speaker mounts designed for the Sena headset but 
for the purposes of the system will work with the speakers taken from other 
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headsets as well. Power will be delivered using a 3V signal, while hooked up to a 
Bluetooth module for audio transfer a simple song or list on instructions will be 
played through to ensure functionality.  
 
After wireless connectivity is established from the phone to the speaker Bluetooth 
module, the system will then be mounted inside of the helmet and while playing a 
set of instructions on loop, things that will be looked out for are clipping and 
distortion to the extent that the instructions are completely inaudible. Filters will be 
used to correct this issue if need be. After that the helmet with the speakers 
mounted with voltage being supplied using the ATmega1284p and a 3V signal, 
after setting up Bluetooth module the system will then after final test fits be sent 
out on to the road to ensure the audio is audible at speeds up to 70mph with 
minimal loss. 
 
The prototype will be connected to the ATmega1284p using the VCC and GND 
pins to provide power to the system, the Bluetooth module and physical connection 
to set up pairing between devices will be mounted isolated from the 
microcontroller. The Bluetooth module will be connected to the left and right wire 
respectively of the headphones. A lot of the design will be a copy from the original 
headset where the speakers will be salvaged from, once again it should be noted 
that the reason this method is being used is to reduce overall cost and time since 
the primary reason to include speakers is purely to have the addition of audible 
directions while using the GPS system.  
 
However due to the internal shape of the helmet changing with the mounting of the 
glassware, specifically by mounting the glassware in such a way that the natural 
cutouts for speakers where the user’s ears would be located are covered, 
prevented an easy mounting solution for the speakers. In addition, even with just 
the glassware mounted the internal size of the helmet shrinks with such an extent 
that wearing it is incredibly hard, the speakers would take up even more space and 
it is deemed best to abandon the use of speakers until a better mounting solution 
can be thought up at a later revision.  
 

20.1.1.5 Battery Charging System 
 
Prototyping the lithium-ion battery’s charger will require a few things in order to 
properly test its functionality. Due to the properties of a lithium-ion battery’s 
chemistry, it is best to charge the battery in intervals instead of allowing the battery 
to fully drain. Since the battery at full charge will hold a value of roughly 8.4V and 
drain down to 6.0V, prototyping for the battery charger should be done at a midway 
point anywhere between 7.0V to 7.4V.  
 
Furthermore, similar to prototyping the batteries used in VISOR, several 
instruments will be used to monitor voltage and current values between the charger 
and the lithium-ion battery. Applying multi-meter leads in series with the battery, 
current going into the battery can be monitored to see if the proper current is being 
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applied. The battery charger is rated for a rapid charge rate of 1A. Therefore, the 
measurement of the current going into the battery should not deviate much from 
that 1A value to ensure proper charging of the battery.  
 
Also, a voltmeter will be applied to the battery terminals to monitor the voltage level 
of the battery. The charger has a built-in LED to indicate when the battery is fully 
charged. To ensure proper function of the charger, the LED should turn green 
when the voltage of the lithium-ion battery is at 8.4V, otherwise it should remain 
red. By following this procedure, proper prototyping of the battery charging system 
will result in a reliable system that can operate for hundreds of cycles. 
 

20.1.1.6 HUD 
 
After having the display and the optics all configured correctly, the addition of the 
visor and determining how the user will resolve the image will create the HUD. To 
prototype the HUD, the display will produce images that have numbers, gauges, 
and symbols. These images would need to be resolved clearly. Any blurring to 
those images produced indicates that the optical system needs some fine tuning. 
Moreover, we will need to determine which eye would provide the best resolution 
of the display. This will vary from user to user, however, we need to decide which 
side of the visor the HUD will be imaged on to.  

Once the system has been fully integrated with the optics and display, the process 
of creating the housing for the system and mounting it inside the helmet will begin. 
After determining the optimal position of the mounts, one of the group members 
will don the helmet with the HUD system inside to provide feedback of the display. 
With the input from the first trial runs, we will be making our adjustments to the 
system to make the prototype as flawless as possible. 
 

20.1.2 Motorcycle 
 
Prototyping components for the motorcycle will be different as a lot of the test data 
is more natural than can be produced in a lab environment meaning a lot of the 
prototyping will focus on preventing damage to components both the motorcycles 
and components designed for the system. 

 
20.1.2.1 RPM Counter  
 
To create the RPM measuring circuit first a measurement must be made that can 
be related to RPM. The method we are using is the least invasive and requires the 
inductive voltage to be measured from a sparkplug wire. This measurement will be 
given converted to frequency using the pin 14 on the ATmega328p (Digital pin 8 
for the Arduino Nano). The method of measuring the inductive voltage from the 
sparkplug wire is best done using an inductive sensor of some kind, however due 
to budget constraint we will be using a thin wire (#22 gauge) wrapped around the 
sparkplug five to ten times to obtain our measurements. The voltage coming from 
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the sparkplug wire will be sent through a TL084 op-amp using three stage 
amplification to have a gain of approximately 5000 by using 100, 100, and 5. Using 
an active low Butterworth filter design to clean up any additional noise that may 
have been incurred from the wire or amplification after every amplification stage.  
To power the op-amp a LTC1174 DC-DC converter will be used to convert the 12-
volt DC power supply from the motorcycle battery and convert it to a ± 7-volt output 
which will be fed in to VCC and VDD of the op-amp. Using the rail-to-rail capability 
of the TL084 we can ensure that the output will be 7 volts which will then be sent 
through a 5-volt maximum Schmitt trigger built using the TL084 op-amp, as to not 
damage the ATmega328p which has a maximum voltage rating of VCC+.5V which 
in our case would be 5.5V.  
 
The ATmega328p will then use the code to measure each pulse both positive and 
negative that it receives and convert the frequency to RPM using equations 
depending on the type of engine that is being used. Finally, a set value will be used 
to trigger an LED set to pin 19 (Digital pin 13) to ensure that the shift light 
functionality works. Since it will be purely for prototyping all testing will be done on 
Serial monitor until the OLED, Bluetooth and application aspects of the project 
have been completed. 
 
Due to higher than expected voltages from the sparkplug wire, as can be seen in 
Figure 43, a Schmitt trigger was used, more specifically the SN74HC14 to drop the 
voltage down to 2.5V while maintaining the same frequency. The TL084 was 
swapped for a TLV9064 due to its rail-to-rail capabilities, something that was 
misread while researching the TL084, the ATmega328p was removed to cut down 
the total cost and the data was instead sent to the ATmega1284p on the 
motorcycle PCB. To mount the SN74HC14 a custom PCB, as show in Figure 47 
was used specifically to mount this chip, so data would be initially being read 
through this chip and board and then sent to the main board to the TLV9064 chip 
to limit the maximum frequency and clean up the overall signal received, and this 
signal will then be read by the ATmega1284p. 

 

 
 

Figure 43: Output at 5.000 RPM measured by myDAQ oscilloscope 
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However even after the prototype was shown working in the lab using multiple 
different test benches it would not work on the motorcycle and for the final design 
was removed as it would lock up the ATmega1284p due to the frequency not 
filtering properly and exceeding the maximum clock speed of the ATmega1284p.  
 

20.1.2.2 Sonar 
 
To create a prototype for the blind spot monitoring system of the motorcycle, 
several components will be needed. Two Maxbotix ultrasonic sensors, an 
ATmega328p, and a 5V power source. The 5V power rail to power this prototype 
will be coming from the 7.4V lithium-ion battery after going through the LM2940 
voltage regulator to step it down to the required 5V for the both the ATmega328p 
and the Maxbotix ultrasonic sensor. The 5V line will be connected to the Vcc pin 
on the ATmega328p as well as to the +5V pin on the Maxbotix ultrasonic sensor.  
 
Furthermore, there will be two analog pins used on the ATmega328p to receive 
the input coming from the two Maxbotix ultrasonic sensors. On the side of the 
sensors, there are several connections that need to be made in order for both 
sensors to work properly. Along with the two analog pins used on the ATmega328p 
to read the data from the sensor, there will be two digital pins used to trigger the 
LED on or off for its corresponding sensor when an object is detected within the 
assigned range. For prototyping purposes, digital pins 8 and 9 will be used for this 
task. 
 
To help ensure the functionality of the blind spot monitoring system, the sampling 
frequency of the system is also a very important factor to implement while 
prototyping. One way of measuring the effectiveness of this system is by observing 
how often the sensor is reading data from its surroundings. The more data that is 
obtained within a period of time, the more reliable the system is. The Maxbotix 
ultrasonic sensor is capable of taking in readings at a frequency of up to 20Hz. In 
order to optimize the reliability of this system, the ATmega328p will be sampling 
this data at 40Hz in order to satisfy Nyquist's criteria for sampling frequency. 
 
Maxbotix ultrasonic sensors will be strategically placed in an open environment for 
prototyping. No object can be within 2 feet of the sensor when it is initially turned 
on to avoid a poorly calibrated sensor. After the calibration period (250ms), the 
sensor is capable of functioning normally and objects are allowed to be in the field 
of view for detection. Sensors will be facing in opposite directions pointed 
perpendicularly from its mounting site to avoid interference between the two 
soundwaves. Obstructions that may affect the data read by the sensors must be 
carefully taken into consideration such as the motorcycle itself, the motorcyclists, 
the ground, and any other constant obstructions in the field of view of the sensors.  
 
The sensors will be wired given the diagram in Figure 44 below by using one wire 
for 5V, one wire for ground, and another wire from the analog output of the sensor 
to an analog pin on the microcontroller. Using the wiring diagram for a single 
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sensor can be done for the purposes of this project since there is no concern about 
the possibility of the sensors interfering with each other for they will be facing 
completely opposite directions. 
 

 
 

Figure 44: Wiring diagram for Maxbotix sensors using Arduino 
(Reprinted with permission from Maxbotix) 

 

20.1.2.3 Gear Shift Indicator 
 
For prototyping purposes will be measured using LED’s. Two US5881 sensors will 
be connected to the ATmega328p chip using pin 7 (5V Vcc), pin 8 (GND) and pin 
16 (Digital pin 10) for one sensor and pin 17 (Digital pin 11) for the other sensor. It 
will have 6 LED’s connected from pin 3-6 (Digital pin 1-4) and pin 11-12 (Digital 
pin 5-6) to simulate the 6 gears (or 5 depending on the motorcycle). Next a magnet 
will be moved across the sensors to ensure that it is registering the magnet and 
finally a LM2940 regulator will be used to step down the 12-volt battery voltage to 
supply the ATmega328p and the corresponding sensors. 
  

20.1.2.4 Emergency System 
 
For the emergency system prototyping, connect a power supply and wire up the 
GY-521 board to the ATmega328p by connecting the GY-521 VCC to 5V, GND to 
GND, SCL to A5 and SDA to A4. As can be seen in Figure 31 which shows the 
schematic of the device. 
 

20.2 Software 
 
The software aspect of prototyping is often less discussed but an important 
process nonetheless, the primary benefit is that the code can often be extremely 
rough to ensure only certain values or aspects work before being refined to a final 
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product, the prototyping for these components will be done in stages to ensure 
major components of the code work first before stitching the end result together. 

 
20.2.1 Communication between Helmet and Smartphone 
 
The Android application will be utilizing the Mapbox SDK to implement the turn-by-
turn navigation portion of the application. The Android application will be able to 
determine the user's current location through the GPS module on the smartphone, 
and the user will be able to enter in their destination as a GPS coordinate currently. 
In future iterations, a solution to have the users be able to enter in their destination 
by name may be implemented.  
 
After the locations have been determined, the application will initiate a navigation 
session and will continue to track the user's location as they progress through the 
indicated route. The instructions will be retrieved from the navigation object, and 
be parsed prior to sending it out via BLE. Along with the navigation instruction, the 
sensors that are selected by the user will also be relayed to the user. There are 
three sensors to select from, and the first byte of the 20 bytes available in a BLE 
transmission will be used to indicate which sensors have been selected. The three 
available sensors are blind spot monitoring, RPM counter, and the gear shift 
indicator. The combinations are shown below in Table 13. 
  

Table 13: Selected Sensors Integer Representation 
 

Selected Sensors  Integer 
Representation 

None 0 

Blind Spot Monitoring  1 

RPM Counter 2 

Gear Shift Indicator 3 

Blind Spot Monitoring, RPM Counter 4 

Blind Spot Monitoring, Gear Shift 
Indicator 

5 

RPM Counter, Gear Shift Indicator 6 

Bind Spot Monitoring, RPM Counter, 
Gear Shift Indicator 

7 

 
In addition to the type of sensors to display, the user will be able to set the RPM 
count that they desire that will trigger the logic of indicating that a gear shift is 
needed. This value is different for the type of motorcycle that the user has and will 
be customizable. To minimize the usage of the available space, there will be 
presets that the user will be able to choose from. The value of the preset will be 
represented as a byte. The preset values will be determined during the prototyping 
stage.  
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The remaining 18 bytes will be used to send the map navigation instruction that 
will be encoded into hex bytes. The Android SDK is based on the Java 
programming language, and represents characters with 2 bytes. Having the 
characters remain as 2 bytes will decrease the amount of information that is able 
to be sent out. Additionally, the Arduino programming language, used for the 
ATmega MCUs represents characters as a byte. To maintain the readability of the 
characters from the navigation instructions on the helmet module, the Java 
characters will be translated into a hex character representation that will be 
decoded back into an ASCII character once it is received by the helmet module. 
The information sent will contain the direction, and distance that the user is 
instructed to travel. 
 
With the testing during the second phase of the project, it was determined to be 
simpler to separate the navigation instruction and the sensor settings. The selected 
sensors are sent to the helmet module when the user desires to do so the normal 
case would be that they would not be in a navigation session when they do set the 
sensors. When they are in a navigation phase, the sensors should not be set during 
that time, so the navigation instructions are sent solely. However, the capability of 
setting the sensors during a navigation session still exists.  
 

20.2.2 Communication between Helmet and Motorcycle  
  
The MCUs on the helmet and motorcycle modules that will be communicating is 
the ATmega1284p. The software will be written using the Arduino programming 
language that is based on the C programming language. The motorcycle module 
will be sending sensor data to the helmet module to display. 
  
Initially, the ATmega328p MCUs on the motorcycle will be gathering sensor data. 
The blind spot monitoring system will be gathering data from the sonar sensors. 
The MCU connected to the sonar sensors will perform the post processing 
calculations, and determine whether there is a vehicle in the user’s blind spot. The 
MCU will then send the data as a string to the central MCU to be sent out. The 
format will be “L#,R#”, where the number following the “L” or “R” character will be 
a “0” or “1”. A “0” will indicate that there is not vehicle in the blind spot, while a “1” 
will indicate that an object is present in the blind spot. The string will be sent out 
via SPI to the central MCU, and will be formatted to be sent out. The MCU 
connected to the RPM counter will be calculating the RPM of the motorcycle 
engine and output an integer that is the value of the RPM count currently of the 
engine. The value will then be transmitted via SPI to the central MCU to be 
formatted and sent out via BLE. The MCU connected to the gear shift indicator will 
be gathering sensor data, and perform calculation to determine what gear the 
motorcycle is currently in. The status will be sent out as an integer to the central 
MCU where it will be formatted to be sent out via BLE.  
  
At the central MCU, the data that will be gathered is the Boolean variables from 
the blind spot monitor, the rpm count as an integer, and the number of the current 
gear that the motorcycle is in. Additionally, utilizing the RPM count, the central 
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MCU will determine whether a gear shift is needed or not. The central MCU will 
hold a value for the RPM count that the user selected to indicate when a gear shift 
is needed for their type of motorcycle. The value will be set by the user through the 
Android application, and sent out to the helmet module to be stored. The central 
MCU will retrieve the information from the helmet module in order to store it on the 
device. If the retrieved RPM count is greater than or equal to the set RPM value, 
the MCU will send a signal to the helmet to indicate that a gear shift is needed. 
The data to be sent out to the helmet module will be formatted to fit inside a 20 
byte array. The summary of the format is shown below in Figure 45.  
  

 
 

Figure 45: Format of Data Sent to Helmet Module 
 
During the second phase of the project, it was determined that setting the RPM 
value at the end of the string would be the simpler option for parsing. The gear 
shift indicator section was changed to only be the gear number. The shift Boolean 
is now determined on the helmet module by using the rpm threshold value set by 
the user on the smartphone application.  
 

20.2.3 Communication between Motorcycle and Smartphone  
  
The communication between the motorcycle module and the Android smartphone 
is for the purpose of the emergency system to detect crashes. The Android 
application will be tracking the state that the user is in while the system is turned 
on. By default, the Android application will be set to the user being in normal 
operation. The emergency system on the motorcycle will be initialized to being in 
normal operation as well, indicated by the value “0” on the BLE characteristic on 
the BLE module. While the user is traveling on the road, the system will track the 
position, and speed of the motorcycle. The two factors will be used to detect an 
accident if it were to occur. Once the system on the motorcycle detects an accident, 
the module will write to the BLE characteristic the value of ‘1’, and subsequently 
send a notify signal to the connected smartphone via BLE.  
 
Once the signal has been received by the smartphone, it will be used to set a flag 
in the Android application that will set the application into emergency mode. When 
in emergency mode, the phone will prompt the user to verify whether the user is 
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responsive. An alarm will be raised by the application with a message asking the 
user if they need emergency assistance. In the case that the accident was minor, 
the user will be able to dismiss the alarm, indicating to the application that 
emergency response is not necessary in this situation. In the event that the user 
is able to respond, and the user still needs assistance, the application will notify 
officials via a phone call. At the same time, the application will send a text message 
to the emergency contact that is set by the user prior to using the application. The 
message will contain the user’s current GPS coordinate, and state that the user 
has been in an accident.  
 
Furthermore, it will state that the user is responsive and has contacted emergency 
officials. The application will allow enough time for the user to respond to the alarm, 
which will be set to 5 minutes. However, in the case that the alarm is not dismissed 
by the user at the end of a minute, the application will assume that the user is 
unable to respond and needs emergency assistance. The application will first send 
a text message to the emergency contact set by the user. The message will state 
that the user has been in an accident and that the user is unresponsive. The 
message will contain the GPS coordinate of the user’s current location, and 
request the emergency contact to notify emergency officials of the situation since 
the user is not able to do so.  
 
The application will also initiate a phone call to emergency officials, although the 
user may not be able to talk. The objective is to notify the emergency officials that 
the user of the device is in need of assistance, and attempt to have the emergency 
officials triangulate the user’s location if possible. The aim is to have either of these 
two methods successfully summon emergency officials to assist the user in the 
case that they are unable to respond. They may be in critical condition, and time 
may be of the essence.  
 

20.3 PCB design  
 
Constraints of the PCB design lie in two planes: Cost and Form. The motorcycle 
will receive individual PCB for each primary function such as RPM, Sonar and Gear 
shift indicator. The only exception to this is the Emergency system since it will be 
operating independently from the entire system. All other components will be set 
up to transmit data from their respective PCB to the PCB mounted to the helmet. 
All PCB design will be done using Eagle software due to its extensive libraries, 
many videos on how to use the software, and previous familiarity with the software. 

 
20.3.1 Motorcycle 
 
The PCB designs on the motorcycle are restricted by size due to motorcycles often 
not being designed around housing additional components so all mounting 
solutions should take up minimal space. An option that would reduce cost by 
having a single piece of PCB where all components meet would allow possible 
interference over the wires that collect data and transport it over long distances 
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another issue with this method is the size constraints on the motorcycle meaning 
all components must me packed closely together on the PCB allowing for possible 
cross talk. 
 
Another option would be to have all the components on the motorcycle meet at a 
centralized location on the motorcycle reducing cost of the PCB but increasing 
complexity of the design, this design would allow for the data that is collected to 
travel a shorter path reducing the risk of interference or corruption of data. It would 
still have wires running the length of the motorcycle in order to meet at a centralized 
location but the wires carrying data that is less prone to interference. However the 
best solution would be a combination of both methods, if the space is available to 
combine certain parts of the system that carry data that is not prone to interference 
then those should be mounted on the same PCB to help reduce cost, however 
components of the system that are prone to interference such as the RPM reader 
should have the data transferred to a microcontroller at the shortest distance 
possible and that data after being sent to the microcontroller should be sent to a 
centralized location.   
 
Figure 47 below displays the motorcycle module diagram with the centralized 
approach having all peripherals connected via wires to a single PCB. This PCB 
provides breakout pins that accommodate for the use of header pins which allow 
for a very easy method of connecting all of the peripherals of the system together. 
Using this centralized approach simplifies the installation aspect of the project 
greatly for there is only the need to be concerned with mounting a single PCB on 
the motorcycle which is a challenge already in itself given the compact dimensions 
that the motorcycle allows us to work with in the first place. 
 
As mentioned in the RPM related section the Schmitt trigger was mounted on a 
separate PCB as seen on Figure 46. This was done to allow more freedom in 
moving the wiring from the sparkplug wire, to reduce overall noise, and it reduced 
the cost of reprinting the full motorcycle PCB. This PCB is different from the others 
due to implanting the provided feedback from professors, this feedback includes 
having a ground plane in addition to having a wider power wires. Due to the natural 
large amounts of noise occurring from the sparkplug wire all preventable steps 
were taken to reduce the injection of any additional noise, these steps start with 
having a solid designed PCB.  
 

 
 

Figure 46: Schmitt trigger PCB Diagram 
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Figure 47: Motorcycle PCB Diagram 
 
The output wire from this will be soldered in to the normal input location for the 
TLV9064 on the Motorcycle PCB, this means that rather than soldering the input 
wire from the sparkplug wire it will simply use the output wire from the Schmitt 
trigger. This in turn means no additional hardware or PCB changes have to be 
made in order for this design to function as intended. 
 

20.3.2 Helmet 
 
The helmet design is limited in part due to physical size of the helmet but also due 
to curvature of the helmet. Since we do not intend on the PCB floating but instead 
being mounted securely it will have to be less than the size of the battery being 
used as well as not being small enough not to be affected to heavily by the 
curvature of the helmet. The added benefit is that similar to the Sena wires on a 
helmet are usually easily hidden and ran along the inside of the helmet meaning 
wiring the system to PCB is not going to produce unnecessary clutter meaning a 
single PCB will work, in addition the NHD-1.5 is mounted on its own PCB already 
meaning power and such can be ran using wires instead of designing a PCB for 
the display. As mentioned earlier the curvature of the helmet and the exposure to 
the elements combined with the limited space available does provide some 
challenge that are best addressed by designing the smallest possible PCB and 
addressing all mounting issues with items such as double-sided foam to help 
“mold” the PCB to the helmets curvature. In the use of flexible PCB is a 
consideration but due to high cost is one best avoided at this time. 
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Figure 48 below illustrates the final PCB design that was used for the helmet 
module of this project. The main features of this PCB are that it offers a very 
compact size having dimensions of only 45mm x 53mm and also provides breakout 
pins that accommodate header pins to easily plug in the peripherals of the helmet 
module which are the two BLE modules and the OLED display. 
 

 
 

Figure 48: Helmet PCB Diagram 

 
20.3.3 Vendor 
 
A large selection of vendors is available to use for PCB printing with the main ones 
being located in China. Two concerns here are shipping time and cost. Cost is a 
constant concern for the project due to funding being out of pocket, meaning the 
best deal is preferred method. However, the quality of the PCB is also called into 
question. Things such as how precise it is compared to the schematics, how clean 
the lines are, and if it is pre-drilled for through hole components. In addition to both 
the cost and quality, another major factor is the total time to ship and arrive, due 
to time constraints PCB that will take in excess of a week to arrive will delay the 
project to much and therefore cannot be deemed acceptable. Options include 
PCBway, EasyEda or Fontys.  
 
Fontys would be the lowest cost as it will require one of the group members to 
request a PCB design from the college at a low cost, however shipping times would 
exceed 1 week, and the quality will be questionable as it is made by the students 
themselves on older machines. EasyEda has low cost, low build and shipping 
times and allows for the schematics to be built in the web browser with a large 
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variety of custom components provided by the community. This software has also 
been used to draw up schematics in the Schematics and Simulation data section. 
PCBway additionally also has low cost and fast build and shipping times but does 
not support built in browser editing. However, that is not crucial as the primary 
method for designing circuits will be done using Eagle. Both PCBway and EasyEda 
will be used to order circuits from, it will strongly depend on the cost for a set size 
versus a per square inch pricing as to where each PCB design is ordered from, in 
addition to possible discounts that can be applied for greater savings. 
 
It was eventually found that another PCB manufacturing company based in China 
was the better option for manufacturing the PCBs for this project. JLCPCB offered 
the best option with respect to both price and lead time which were the two most 
important factors. JLCPCB is capable of manufacturing 10 copies of a single PCB 
design for a total price of roughly $20.00 including shipping costs with a very quick 
lead time of only one week for delivery. It is for this reason that JLCPCB was 
chosen as the designated PCB manufacturer for this project. 
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21. Testing Plan 
 

The testing plan is a system that will allow for fully finished parts of the overall 
system to be tested and ensure that they are functioning as intended, the test plan 
lays out the steps to ensure that each individual component works before being 
added to other components that passed their testing procedure, so the final 
product can easily be debugged if need be. 
 

21.1 Testing Helmet Data Being Received 

 
The helmet will be receiving data from two sources, the motorcycle and the helmet 
modules. The testing will be done simultaneously to verify the functionality of the 
system. To begin the test, both the motorcycle module and the helmet module will 
be turned on. Their initialization process will be executed, and the system will be 
checked to verify that the BLE connections have been properly established. The 
verification will be done by verifying that the Bluetooth icons on the HUD are 
indicating that the connection has been successfully established.  
  
To test the sensor data, the Android application will be used to set all of the sensors 
to be displayed on the HUD. The data will be sent out and received via BLE, and 
the helmet module will store the data. With the motorcycle module connected to 
the helmet module, the motorcycle module will be sending data containing the 
current status of the sensors to the helmet. Verify that all 3 of the sensor data is 
displayed on the HUD.  
 
Additionally, the RPM threshold for the indication of the need of a gear shift will be 
tested. A competent driver will operate the motorcycle and drive the motorcycle 
until the RPM reaches the threshold that is set. Verify that the gear shift indicator 
lights up properly to notify the user of the need of a gear shift. Once all of the 
sensor data is verified on the HUD, the Android application will be used to test the 
setting of selected sensors. On the application, only one sensor will be selected to 
be displayed. Verify that the selected sensor is the only data that is being displayed 
on the HUD. After, 2 sensors will be selected to be displayed, and verify that the 
selected 2 sensors are displayed properly on the HUD. As a final test, unselect all 
of the sensors, and verify that no data is being displayed on the HUD.  
 

To test the navigation data, the Android application will also be used to initiate a 
navigation session. The user will enter in a destination coordinate that is nearby. 
With the location searching not available currently, the coordinates for the desired 
destination can be obtained from Google Maps. The GPS coordinates of a nearby 
location will be entered into the Android application, and the navigation session will 
be started. Verify that the HUD displays the proper instruction to reach the desired 
destination from the user’s current location. As the user follows the navigation 
instruction, verify that the instruction updates properly to display the next 
instruction to reach the desired destination.  
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21.2 Testing Motorcycle Components and Feedback 
 
The following section will discuss testing the individual components that comprise 
the motorcycle module. The following tests will be conducted in controlled 
environments in which multiple trials will be conducted in order to obtain the most 
accurate results.  

 
21.2.1 Blind Spot Monitoring 
 
In order to test the blind spot monitoring system on the motorcycle, we must first 
define the data that needs to be tested for accuracy. As detailed before, the blind 
spot monitoring system will have to detect if a vehicle has entered or is in the 
process of entering the lane next to the motorcyclist whether it is on the left side 
or on the right side. Since car lanes have a maximum width of 12 feet (as seen on 
highways), the blind spot monitoring system will have to be able to notify the 
motorcyclist that there is a vehicle within 12 feet of the user. The two major pieces 
of information needed from the blind spot monitoring system is to see if it is capable 
of notifying the user of a vehicle whether it is on the left side or the right side and 
also to be able to measure exactly how far the vehicle is from the motorcycle. 
 
To measure the distance that an obstacle is from the motorcycle can be done by 
using the Maxbotix Ultrasonic Rangefinder LV-EZ0, ATmega1284p, and the 
Arduino IDE software. Given that the Maxbotix Ultrasonic Rangefinder LV-EZ0 has 
a resolution of (Vcc/512)/inch, it is possible to measure the distance that an object 
is from the motorcycle with a precision of 1 inch. Using the Arduino IDE software, 
a program can be written in which the analog input from the sensor is processed 
and then calculated as a distance in inches. The Arduino IDE software has a built-
in serial monitor that allows us to see the data that is being read from the sensor. 
Once this is working properly, one can test the accuracy of this system by setting 
different objects at different angles and distances from the sensor to then see 
exactly how accurate the sensor really is. 
 
To see how well the blind spot monitoring can notify a person whether there is an 
object within the 12-foot range, two LEDs will be used to notify the user whether 
there is something within the 12-foot range either on the right blind spot or the left 
blind spot. Similar to the previous test to detect distance, this test will be using the 
Maxbotix Ultrasonic Rangefinder LV-EZ0, ATmega328p, and the Arduino IDE 
software. Attaching the two LEDs to the digital pins of the ATmega328p as well as 
adding a few lines of code to trigger the digital pins to HIGH when the measured 
distance is less than 144 inches (12 feet) or LOW when the measured distance is 
greater than 144 inches. 
 
Using the Figure 49 below to conduct the testing, setting different object of varying 
sizes at different distances will provide us with an accurate representation of how 
well the system works. Just as important it is for the system to turn on the 
corresponding LED when an object is detected within the 12-foot range, it is also 
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important that the LED remains off once it is 145 inches aware or further which is 
why object are shown to be outside of the 12-foot range. 
 

 
 

Figure 49: Visual representation of blind spot monitoring testing 
 
Conducting these tests with several trials and a lot of attention to detail will provide 
us with accurate results and a solid evaluation to see whether or not the blind spot 
monitoring system is stable and working properly. 
 

21.2.2 RPM Counter 
 
RPM measurements will be tested in simulated environments before moving to a 
car and finally the motorcycle. The reason for this testing format is due to the 
amplification system that is used to generate a measurable value from the 
sparkplug wire might introduce unwanted noise in to the system so in the simulated 
and workshop environments without an actual engine the focus could be put in to 
creating an amplification circuit with minimal noise, any noise that is measured will 
be taken in to consideration and filter designs such as the Butterworth will be used 
in an attempt to clean up the signal.  
 
To find the gain needed for the signal a #22 gauge wire will be wrapped around a 
sparkplug wire on a car  and measurements will be made with an oscilloscope to 
show the wave output and voltage output of this signal next calculations will be 
made to indicate the gain needed and what set up, stages and components will 
allow for the lowest signal-to-noise ratio (SNR), next the once the circuit has been 
designed it will be tested in a software environment such as Multisim and any 
necessary corrections to resistor and capacitor values will be made. After the 
software section has been completed the physical circuit is tested in a lab 
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environment and a similar process will be used as in the software portion with 
adjustments being made to the values of the resistors and capacitors to ensure the 
cleanest signal possible as the wave form we are looking to generate is a -5V to 
+5V square wave with minimal interference. 
 
Once the oscilloscope shows us this wave format the frequency generator will be 
ran from 100 Hz till 1.6 MHz to simulate the full range of a motorcycles RPM gauge 
if the wave form is satisfactory throughout this range the circuit will be connected 
to the #22 gauge wire on the car and the measurements are compared with the 
values shown by the RPM gauge on the car. If it does not satisfy our requirements 
which are set at +-5% offset from the cars value, we will return back to the lab 
portion and adjust the values as is needed. Once it meets our requirements it is 
moved to the motorcycle. The reason for testing this last is due to the difficult 
nature of reaching the sparkplug wires on a motorcycle due to the vast amount of 
disassembly being required to reach them. Any fine tuning that is required from 
here on out will be done on the board as much as possible.  
 

21.2.3 Gear Shift Indicator 
 
The final test will be setting up the shift light, this can be tested by hardcoding a 
value on the microcontroller and seeing if the light turns on once the set RPM has 
been reached and exceeded. For the final product the set up will require the shift 
value to be changed in the application once this stage has been reached the same 
test will be produced if any errors occur the code will be reviewed to find where the 
issue might be occurring.  
 
Gear shift indicator testing procedure will be accomplished by measuring the 
response as a magnet passes by the Hall effect sensor and showing the voltage 
change. The necessary voltage regulation circuit to bring the signal down to 5V will 
be implemented at this stage to ensure that the ATmega328p can measure the 
data input. The two sensors will be connected to digital pins 11 and 12 where code 
will be used to detect if a threshold of 5 volts has been reached which it will then 
register as a count up or down depending on which digital pin has been activated. 
For neutral gear a test wire is used with a flag in the code that once it is read will 
override the counting sequence and display a “-“ indicating neutral gear.  
 
All of this data will be displayed in the Serial monitor in the Arduino IDE so all 
values can be verified, after the lab tests are successful the setup is moved to the 
motorcycle where a neutral wire will be used for the detection of neutral, and the 
system will be mounted to the frame and gear lever using zip ties and double-sided 
adhesive. At this point the data will be relayed to an Arduino Nano to ensure that 
the wiring and code are still fully functional before removing the Nano and replacing 
it with an ATmega328p and AT-09 to transmit the data from the indicator to the 
OLED display. 
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21.3 Testing the Emergency System  
 
The emergency system that tracks a possible motorcycle accident will be using a 
MPU6050 chip to measure both lean angle and velocity and using set conditions 
such as exceeding a 60 degree lean angle at a velocity of 0. The 60 degree lean 
angle is used due to the fact that the current maximum measured lean angle in the 
MotoGP [9] is 64 degrees as is quoted by motogp.com in 2013. In addition, due to 
the nature of the design of a motorcycle it is not capable to lie completely flat 
meaning 90 degrees is not achievable in most crash scenarios. The velocity of 0 
is used due to there being items such as banked turns which could allow the 
MPU6050 to read past 60 degrees in this case since it is taking measurements 
relative to the motorcycle and not the earth, this allows us to prevent false positives 
to occur for a non-crash scenario. 
 
To measure this data a protractor will be employed to draw angles on graphing 
paper. The MPU6050 will be tilted along these lines and the value displayed in on 
the Serial monitor in the Arduino IDE will be compared with these values. Any 
mathematical changes in the code to closer represent the actual angle versus the 
displayed angle will be undertaken at this point. Next the code containing 
acceleration will be fine-tuned to measure acceleration only in a singular direction, 
either X,Y,Z depending on the final orientation of the device To test the velocity 
calculation the device will be connected to a laptop and using the Serial monitor 
will be monitored while being driven around in a car. It should be noted that exact 
velocity of the device is not our concern but rather finding out if the code is able to 
distinguish between a moving and stopped device, if it is not capable of doing so 
the test procedure will be changed to include a more accurate representation of 
the velocity of the device and parameters for a crash scenario will be altered. If the 
system passes all checks it will be tested on the motorcycle, the MPU6050 at this 
point will be transmitting data using the AT-09 the motorcycle will be ridden and 
stopped at different intervals and the time measured from a full stop till it is 
registered by the system will be measured. 
 
As our goal is to have the device detect conditions as soon as possible the goal is 
set a 5 second maximum for this detection if the code is not able to do so it will be 
altered at this point. The final test will be dropping the motorcycle to see what the 
maximum measured lean angle is at a drop, if the lean angle is not met the test 
will be repeated and the code will be adjusted to ensure that the new maximum 
lean angle, from a dropped motorcycle, is incorporated. After this stage the 
response system will be implemented where the MPU6050 can communicate with 
the users cellphone device and is able to send out an emergency text message, 
this set up can be tested independently from the device by using an ATmega328p 
and AT-09 to communicate with the cellphone, a majority of this setup is dependent 
on the application but once a connection can be established the code for the 
MPU6050 will be altered to allow communication with the users cellphone from a 
distance up and till 100  meters but with interference from the motorcycle a more 
realistic goal is 50m and above. This will once again lead to the motorcycle being 
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dropped to ensure that the communication system functions under vibrations from 
a crash.  
 

21.4 Testing Battery Life of the System 
 
As determined earlier in this document, the goal of the lithium-ion battery in the 
helmet module is to have a battery life of minimum 3 hours. To ensure how much 
battery life we are acquiring from the chosen Tenergy Li-Ion 18650, there are 
several calculations and tests that can be done to determine the estimated battery 
life of the system. By acquiring the rated current drawn values from the datasheets 
of the ATmega1284p, OLED display, and the Bluetooth module, we can estimate 
the total current drawn from the system when powered on. These values will 
provide us the best estimate as to how much current is being drawn in total on 
average. Using this calculated value and dividing it by the capacity of the battery 
will provide us with the theoretical battery life of our system. 
 
Once the theoretical values have been calculated, the actual values must be 
obtained to then compare the results. This can be accomplished by having a fully 
functioning system that is being powered by the battery at full charge. When the 
system is on, the current coming out of the battery can be measured using a multi-
meter. Using the same procedure as calculating the theoretical value, dividing the 
capacity of the battery of 2200mAh by the measured current output of the battery, 
one can obtain the actual battery life of the system. To calculate the battery's 
efficiency, one can calculate how close the actual value is to the theoretical value 
using the following formula: 
 

 
 

It is also important to conduct several trials to acquire the actual battery life. By 
conducting at least 3 trials, we will be able to acquire the most reliable and precise 
results possible. The goal of this test is to obtain the highest possible battery 
efficiency rating in which we require a battery efficiency of at least 90% in order to 
satisfy our requirements. 
 
Another test can be done in order to ensure the battery life of the system. This 
alternative is a more accurate method manner of acquiring the actual battery life, 
however, it is much more time consuming. This test will also require a fully 
functioning helmet module with a battery at full charge in order to achieve the most 
accurate results. By simply turning the system on and using it until the battery is 
fully drained. Setting a timer at the moment the battery is turned on will provide us 
with a very accurate actual battery life for our system working under actual 
operating conditions. 
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To achieve the most reliable results, the test should be conducted by using all of 
the peripherals (sensors, display, Bluetooth) as much as possible. By doing this 
we will have acquired an actual battery life value that will be typically lower than 
normal. This measured battery life will provide us a worst-case scenario battery 
life to see if it still satisfies our requirement of a minimum of 3 hours. Similar to the 
previous test for actual battery life, a minimum of three trials are necessary to be 
conducted in order to ensure the most reliable results. Once the actual battery life 
is measured, the formula for battery efficiency can be used again to determine how 
close the actual value is to the theoretical value. 
 

21.5 Application Functionality 
 
Testing the Android application functionality requires to check the connectivity to 
the external modules, as well as verify the data that is being sent to them as being 
valid. First, after the initialization of the application, verify that the BLE connections 
have been established to the BLE modules on the motorcycle and the helmet. 
There will be indicators that the modules have been connected successfully. 
 
Testing the sensor setting capability involves entering the sensors settings screen 
from the application’s main menu. Once on the screen to select sensors, choose 
desired sensors to test. When the selection is sent to the helmet module, verify 
that the sensors being displayed on the HUD are only the ones that were selected 
from the Android application. 
 
Testing the emergency contact settings involves entering the emergency system 
settings screen from the application’s main menu. Once on the screen, enter in 
information for a test case emergency contact. If the contact has been successfully 
updated, the system should display the new contact information on the settings 
screen. A further test would involve testing the entire emergency system, which 
involves simulating a crash on the motorcycle’s sensors. The simulated crash 
would trigger a signal to be sent from the motorcycle to the smartphone application, 
which would then trigger a text message to be sent to the emergency contact. 
 
Testing the navigation system involves entering into the navigation screen from 
the application’s main menu. Once on the screen, the user’s current location 
should be located by the GPS module on the smartphone and displayed as the 
user’s current location on the map. Then, enter in a test destination location. Verify 
that the application displays a valid route to the desired location from the current 
location. Further testing would involve following the route to the desired destination 
and verifying that the turn-by-turn navigation is functioning properly. 
 

21.6 Power Consumption from Motorcycle Battery 
 
Although motorcycle batteries have very large capacities along with a very durable 
and long-lasting battery chemistry, one must still be aware of drawing too much 
power from the motorcycle due to their high cost of replacement and overall 
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consequences. Damaging a motorcycle battery is not only expensive but may also 
result in stranding the owner with a broken-down motorcycle to be used.  
 
To prevent this issue, methods to monitor the power consumption from the 
motorcycle module will be in use. Similar to ensuring the battery life of the helmet 
module, several calculations will be solved for in order to control the power 
consumption by the helmet module. 
 
One effective way of monitoring the power consumption of the motorcycle is by 
calculating the amount of current that the motorcycle module is drawing from the 
battery. This can be done by extracting the supply current amount from the 
datasheets of all of the peripherals on the motorcycle module. A safe bet for the 
amount of current drawn from the battery is by dividing the battery's capacity by 
ten. For example, if the battery has a capacity of 20 Ah, then no more than 2A 
should be drawn from the battery. By doing this, the longevity of the battery and 
the safety of the user are ensured. 
 

21.7 Testing of Display Screen and Visibility 

Once the parts have been ordered, we will commence the next phase of the 
project. Testing of the systems individually to ensure that each component in our 
respective fields function separately. This portion of the testing plan is to outline 
and identify the key components that are going to be tested and how to ensure 
that the result is fully function HUD.  

The display will be operated by the ATmega328p chip. This chip will have the 
bootloader loaded on to it and will have interactions from the Bluetooth module. 
From there, the user will select what information they want to have displayed on 
the HUD. A testing preset will be created with a screen that includes the three 
wavelengths that are most prevalent in the human color vision; these are defined 
as the Fraunhofer lines which are 486 nm, 527 nm, 656 nm. Having a testing preset 
established, the optical system will be aligned to produce the intermediate image 
clearly. The display will be mounted upright, and the lenses will be set at their 
defined distances as determined by the Zemax OpticStudio.  

At the image plane, a white panel will be placed, and the distances of the lenses 
will be adjusted in such a manner to ensure the sharpest image for at least two of 
the wavelengths as described before. Once the optics have been placed in their 
optimal positions, we introduce the next piece of the HUD system, the visor. The 
visor, for all intents and purposes, will act as a curved mirror. This mirror will use 
the intermediate image of the display. Utilizing the image from the display, the visor 
will create a virtual image that the user will perceive to be coming from outside the 
visor. The visor will create a conjugate image, and this is main basis of how the 
HUD system will function. The conjugate image will invert and magnify the 
intermediate image, since display will pass through the optical system, the 
resulting image will be upside down and have a magnification of -0.9. 
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21.7.1 Brightness 
 
The brightness of the display will play a factor into the integration of the HUD 
system and create a possibility distracting the user. Having the display too bright 
will cause eye strain and discomfort to the user. This may lead to dangerous 
situations. On the other hand, a display that is too dim will also cause eye strain 
and the functionality of the HUD will be at risk. Therefore, testing and adjusting the 
brightness level is an important factor in our design process.  
 
After establishing the appropriate distances for the lenses and the intermediate 
image plane, the display will be set at maximum brightness. This will indicate how 
the display’s image and brightness levels interact. If at maximum brightness the 
image is not saturated, we will implement a variable resistor that controls the 
current to the display. This will grant user control for the brightness levels. 
However, if maximum brightness does saturate the image, we will have to test to 
see at what current the image stops saturating. Once the new maximum current 
has been established, we will set that as our ceiling and attach the variable resistor 
to control the brightness levels so that the user has more comfort and control of 
the HUD.  
 
The display is rated at 90 𝑐𝑑/𝑚2 at its normal defined operation. This brightness 
should suffice for a daylight operation. The minimum brightness is measured at 70 
𝑐𝑑/𝑚2, which is more appropriate for night time driving.  
 

21.7.2 Glassware Mounting and Visibility 
 
The task of creating a housing for the optics and display poses a great challenge 
for us. The amount of room within the helmet, with a user’s head inside, is the 
constraining factor of mounting the optics to create the HUD. Moreover, the images 
that are produced by the display cannot directly be reflected into the eye, this could 
cause temporary blindness.  
 
Currently, our goal to mount the optical system is using the 3D printing available 
on UCF campus. This will create the black box for the lenses and display. This 
black box will be mounted in the second location on the helmet shown in Figure 
20. The box will have an opening at one end that the image will exit from the optical 
system. The lenses will have their respective optical mounts around the glass and 
these mounts will be connected to posts to ensure that the lenses do not move 
while inside the box or while it is mounted inside the helmet. There are specially 
designed mounts for lenses that can be purchased through the same glass 
manufacturer of the lenses themselves to ensure that they fit as intended.  
 
In the CREOL senior design lab, there are optical tables available and this is where 
the mounting of the optical system will be tested initially. This is to ensure that the 
simulation data produces the results that we are striving to achieve. The testing of 
the system and fine tuning will all occur on these tables. Once the ideal setup has 
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been realized, we will start condensing the optical system to fit within the black box 
that will be mounted within the helmet. 
 
Through experimenting and prototyping, we devised the solution to mount the 
optics securely and safely inside the helmet. A group member took it upon himself 
to CAD the housings for all of our components both on the helmet and motorcycle. 
With the dimensions given of the lenses and iris, we used UCF’s 3D printing station 
to print a housing. Removing all the padding inside the helmet and with Velcro, we 
were able to securely mount the display, optics, and iris. We were able to 
demonstrate that one could wear the helmet with the housing.  
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22. Administrative  
 

The administrative section contains information regarding the cost and financing 
of the project and any major milestones that have been reached or set as future 
goals as the project nears completion. The reason this section is crucial to include 
within the document is due to its ability to highlight previously mentioned 
constraints from section 16 which state various personal constraints such as time 
and financing of the project. Additionally, section 16 mentions the project is funded 
out of pocket. Sections 12 and 13 put emphasis on not just the performance of the 
components but also on cost of the components compared to the quality they 
provide. 
 

22.1 Budgeting and Financing 

 
The project is planned to be financed individually by the four members of the group. 
However, if the project budget exceeds the expected amount, the group will seek 
out sponsorship through UCF. To ensure that the group can afford the cost of this 
project additional time is set aside to verify that each selected components are 
compatible with other components.  
 
Additionally, we will verify that each component selected meets the group’s direct 
constraints with regards to subjects such as cost, heat/heat transfer, functionality, 
etc. As many components as possible will be ordered through the same vendor 
such as mouser.com, digikey.com or sparkfun.com to name a few. This is done in 
order to keep the cost of shipping as low as possible and ensuring that as many 
components arrive at the same time. Sites will offer free shipping if the order 
amount exceeds a certain amount, and by ordering from the same source, we will 
be able to meet the threshold.  
 
Table 14 and Table 15 contain part of the money saving strategy where the 
required components are matched against the number of components that are to 
be ordered as can be seen in Table 14 with the component labeled MPU-6050 the 
required amount lists “1” but amount ordered lists “0” this is true of a few other 
components on the list where a partial reason behind their choice lies with the fact 
that the components are already owned by one of the members of the group. 
 
In both tables the amount required versus the amount order can differ for certain 
components this is due to certain group members owning some of the components 
all ready, this in the end is all a reason certain components were selected over 
others because it helps keep the overall cost of the project down.  
 
During the second phase of the project, we resorted to using other vendors, such 
as JLCPCB due to time constraints, as well as using Mouser since Digikey was 
not available during the time of ordering components.  
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Table 14. Bill of Materials 
 

Product Amount 
Price per 

unit 
Total 
price 

Supplier 

7.4V 2.2 Ah 
battery 

1 $15.95 $15.95 Digikey 

Tenergy Charger 1 $23.50 $23.50 Amazon 

ATmega328p 1 $2.20 $2.20 Digikey 

AT-09 (BLE) 4 $9.95 $39.80 Oddwire 

LM2940 (VR) 3 $1.08 $3.24 Amazon 

REG102 1 $2.90 $2.90 Digikey 

Maxbotix (Sonar) 2 $24.95 $49.90 Amazon 

ATmega1284p 2 $5.68 $11.36 Digikey 

MPU6050 1 $8.29 $8.29 Digikey 

N-BK7 Plano-
Convex 

1 $27.00 $27.00 Newport 

N-BK7 Bi-Convex 1 $184.00 $184.00 Newport 

Optics Housing 1 $35.00 $35.00 UCF 

Curved Mirror 1 $198.00 $198.00 Newport 

SN74LS14 Schmitt 
Trigger 

1 $0.66 $0.66 Mouser 

D25S Aperture 1 $47.69 $47.69 Thorlabs 

Helmet Housing 1 $35.00 $35.00 UCF 

Motorcycle 
Housing 

1 $25.00 $25.00 UCF 

NHD-
1.5128128UGC3 

OLED 
1 $27.50 $27.50 Digikey 

10uF Capacitor 1 $0.46 $0.46 Mouser 

0.1uF Capacitor 1 $0.20 $0.20 Mouser 

0.47uF Capacitor 3 $0.22 $0.66 Mouser 

22uF Capacitor 3 $0.58 $1.74 Mouser 

22pF Capacitor 6 $0.20 $1.20 Mouser 

16MHz Crystal 
Oscillator 

3 $1.12 $3.36 Mouser 

10kΩ Resistor 2 $0.59 $1.18 Mouser 

FTDI Basic 
Breakout 

1 $11.95 $11.95 Digikey 

1N4148 Diode 3 $0.15 $0.45 Mouser 

PCB 3 $0.40 $1.20 JLCPCB 

Total    $759.39 
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Table 15. Budget 

 

Product Amount 
Price per 

unit 
Total price Supplier 

7.4V 2.2 Ah battery 1 $15.95 $15.95 Digikey 

Tenergy Charger 1 $23.50 $23.50 Amazon 

ATmega328p 4 $2.20 $8.80 Digikey 

ATmega328p(SMD) 3 $1.96 $5.88 Mouser 

ATmega328p(SMD) 3 $2.07 $6.21 Digikey 

Atmega1284p(SMD) 3 $5.45 $16.35 Mouser 

Atmega1284p(SMD) 3 $5.45 $16.35 Digikey 

AT-09 (BLE) 4 $9.95 $39.80 Oddwire 

LM2940 (VR) 4 $1.08 $4.32 Amazon 

LM2940 (VR) 10 $1.43 $14.30 Mouser 

REG102 5 $2.53 $12.65 Mouser 

TPS7230QP 3 $2.01 $6.03 Amazon 

Maxbotix (Sonar) 2 $24.95 $49.90 Amazon 

Maxbotix (Sonar) 1 $26.95 $26.95 Mouser 

ATmega1284p 3 $5.6 $17.04 Digikey 

MPU6050 1 $8.29 $8.29 Digikey 

Wires (10/unit) 10 $2.00 $20.00 Skycraft 

Mirror mount app. 1 $9.99 $9.99 Amazon 

MBRS140T3G 5 $0.50 $2.50 Digikey 

1N4148 20 $0.15 $3.00 Mouser 

Capacitors 10uF 5 $0.46 $2.30 Mouser 

Capacitors 0.47uF 5 $0.26 $1.30 Digikey 

Capacitors 0.47uF 20 $0.22 $4.40 Mouser 

Capacitors 22pF 5 $0.33 $1.65 Digkey 

Capacitors 22pF 20 $0.11 $2.22 Mouser 

Capacitors 3.3uF 5 $0.58 $2.90 Digikey 

TL084 Quad OpAmp 1 $0.61 $0.61 Skycraft 

LTC1174 2 $7.59 $15.18 Skycraft 

LTC1174(SMD) 3 $7.59 $22.77 Digikey 

SN74LS14 5 $0.66 $3.30 Mouser 

Motorcycle helmet 1 $32.82 $32.82 Walmart 

FTDI Breakout 1 $15.95 $15.95 Amazon 

US5881 10 $0.39 $3.90 Digikey 

PCB 5 $30.00 $150.00 JLCPCB 

Velcro tape 2 $4.58 $9.16 Homedepot 

Metalsaw 1 $5.86 $5.86 Homedepot 

Extension rod 1 $2.00 $2.00 Skycraft 

UCF parking ticket 1 $30.00 $30.00 UCF 

Total cost   $614.12  
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22.2 Milestones 
 
This project will span the time period of 2 semesters (Spring 2018 – Summer 
2018). The initial semester will be focused on extensive research as well as 
determining the design of the system and determining the necessary parts for the 
design. The selection of components is discussed among the team members in 
order to verify that they are compatible with the other selected components. Once 
the design, including the components are finalized, the team will procure the 
components in order for them to be tested and begin to be implemented into the 
functional prototype.  
 
The team’s ideal goal is to have 90% of the prototype completed by the end of the 
first semester but will be subject to change. With the early completion of a 
functioning prototype, the team can make additional improvements to the system 
for a revised version. This will help avoid the possibility of running short on time 
and possible failure to complete the project. The general outline is shown below in 
the table below. By following this table of milestones, the VISOR project should be 
completed with ample time left over in the event of drawbacks to the project.  
 
Following the milestone path goes hand in hand with following a previously created 
calendar. This is done to ensure that the product remains on track due to previous 
mentioned member time constrains in section 16. In addition Table 16 is a strong 
driving force in keeping moral of the team up as it allows an ability to measure the 
progress being made on the project. 
 

Table 16a: Project Milestones 
 

Milestone Objective Start Date End Date 

Determine types of sensors to implement January 
2018 

February 
2018 

Research LCDs, LEDs, Lenses January 
2018 

February 
2018 

Research Microcontroller Units January 
2018 

February 
2018 

Research networking solutions  January 
2018 

February 
2018 

Research sensors  January 
2018 

February 
2018 
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Table 16b: Project Milestones (continued) 

 
Milestone Objective Start Date End 

Date 

Determine software architecture for navigation data 
communication between Helmet module and Android 

application 

January 
2018 

March 
2018 

Determine software architecture for sensor data 
communication between Helmet module and 

Motorcycle module 

January 
2018 

March 
2018 

Purchase all optics January 
2018 

March 
2018 

Purchase all electrical/electronics hardware February 
2018 

March 
2018 

Test electronics and optics March 
2018 

April 
2018 

Implement determined software architecture for 
navigation data communication 

March 
2018 

May 2018 

Implement determined software architecture for 
sensor data communication 

March 
2018 

May 2018 

90% completion of project (Fully functional prototype) 
Includes report, research, design, and prototyping 

January 
2018 

June2018 

Test and complete prototype 
Finalize product and test/debug 

May 2018 June 
2018 

Develop and implement PCB design June 2018 July 2018 

 
22.3 Possible Unforeseeable Issues 
 
As with any project there is always possible issues that may occur due to problems 
arising that are out of the control of the group or exceed the scope of the project. 
These issues can be due to damage to the motorcycle such as electrical shorts on 
the motorcycle harness, or wires inside of the motorcycle harness being frayed, 
rusted or having other damages due to the age of the motorcycle being used for 
prototyping. Some issues could be harder to measure or identify without expensive 
equipment. Such as electromagnetic fields generated by the stator on a motorcycle 
causing interference. However, like any good project these issues are not to just 
be mentioned, precautions will be taken to ensure that issues like these are 
mitigated as soon as possible or brought under control when they arise.  
 
Basic issues can primarily be resolved by working in a clean work environment, 
handling components with anti-static and ESD (Electrostatic discharge) equipment 
where needed to prevent any damage. The use of high quality solder to prevent 
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poor terminal connections and cold solder issues. All of these also ensure that 
section 21 the testing plans will be easier to debug if any issue occurs. The next 
mentioned concerns require more specialized planning and thinking ahead and 
therefor it is deemed important to have them receive their own section 
Motorcycle: 

• Using a multi-meter to discover any possible shorts that may be on the 
current motorcycle wiring harness 

• If electromagnetic interference is discovered use tin foil or other reflective 
material to reduce interference 

• Cleaning all grounds and live wires used to power components and ensure 
clean connections.  

• Attempt to do as much testing in as many weather environments as possible 
to ensure that the project will work regardless in all circumstances 

• Proper sealing of electrical components to prevent corrosion or other 
damages due to high humidity. 
 

Software: 

• Back up of data on cloud services in case of hard drive failure 

• Have alternative source code if support for others are discontinued 
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23. User Operation  
 

The user operation section describes setting up and using the VISOR system and 
any possible troubleshooting that may need to be done in case of the system not 
reacting as intended 
 

23.1 Sensors 
 
This section describes how to set up the various sensors mounted on the 
motorcycle, both the blind spot monitoring system sensors and the gear indicator 
sensors are discussed in this section. The emergency system sensor will have its 
own section.  

 
23.1.1 Blind Spot Monitoring System 
 
Set the sensors in such a way that it covers the potential blind spots not covered 
by the standard mirrors on the motorcycle and peripheral vision of the rider, 
mounting them should be done using Velcro. Make sure to leave the field of view 
of the sensor clear of any objects when it is initially turned on for proper calibration. 
To verify that the system works properly have a friend stand in your blind spot and 
verify that the corresponding light on the H.U.D. lights up. If not, turn off the system 
and verify all connections are solid and turn the system on again. 
 

23.1.2 Gear Indicator  
 
Mount the magnet to the gear lever, and secure onto the lever. Next use a 
mounting solution that works for the user’s particular motorcycle mounting one of 
the US5881 sensors on top of the mount and one on the bottom, make sure the 
magnet is no further than one inch from the sensors for best results.  
 
It should be noted the software will always assume the motorcycle is being started 
from 1st gear so verify that the user is in 1st gear before upshifting to 2nd gear. If the 
data is not changing with gear shifts first verify that the correct side of the magnet 
is being used, to do this remove the magnet and move it close to the sensors and 
flip the magnet if the data does not change. If this fixes the issue affix the magnet 
in the correct orientation. If the gear changes when moving the magnet nearby the 
sensors but no longer changes once mounted to the gear lever move the sensors 
closer. 
 

23.1.3 RPM Counter 
 
To set u the RPM counter, locate the spark plug wire of the motorcycle. Using the 
inductive wire, wrap the wire as a coil around the spark plug wire 30 times. Next, 
with the loose end of the inductive wire, plug into the RPM counter port on the 
central motorcycle module. To test the RPM counter, simply turn on both systems 
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and compare the RPM value on the HUD with the RPM value on the motorcycle 
itself. If readings are inaccurate, turn off the motorcycle and rewire the inductive 
wire. More turns in the coil are always recommended for higher quality results.   

 
23.2 Emergency system 
 
In order to achieve the best results of the emergency system, mount the central 
motorcycle module on a location of the motorcycle that provides a stable base with 
very little vibrations in a position where the box is parallel to the ground. This will 
help the emergency appropriately detect the event of an accident and act 
accordingly. To simply test the system is properly working, simply tilt the central 
motorcycle module housing at an angle of 90 degrees. At this point, the system 
will send a notification on the user’s smartphone. Hit the ‘yes’ button to test if the 
emergency system is contacting the appropriate emergency contact. Emergency 
contacts for the emergency system can be edited on the smartphone application. 

 
23.2.1 Emergency System Sensor 
 
To verify that the sensor is working look for a single red LED lighting up once the 
system is connected to power. Other than that, there is no additional action that is 
needed to be taken. Verify that the sensor is facing the correct orientation this is 
where the header pins face forward, and the sensor is mounted parallel to the 
ground. It should be noted that the sensor works with respect to the earth and is 
reset up on every start up, for the most accurate results ensure that the motorcycle 
is almost perfectly upright before turning on the system. If the LED does not light 
up the sensor is deemed defective and the system will not work.  

  
23.3 Android application  
 
The Android application, when first opened, will begin connecting to the motorcycle 
emergency system, as well as the helmet module. It is recommended to have the 
modules turned on first, but it is not necessary and the “Connect” button on the 
application can be pressed if they have not been turned on when the application 
is first opened. The connection status of the modules can be seen on the top of 
the application screen. 
 
If the user desires to initiate a navigation session, they can either enter in their 
current location, or press the “Find Current Location” button to automatically enter 
in their location. Then enter in the desired destination coordinates. Once both are 
entered, press “Start Navigation” to initiate the session. If the user desires to end 
the navigation, press the “End Navigation” button on the bottom of the screen. 
 
If the user desires to set the sensors displayed on the HUD, press the “Sensor 
Settings” button on the bottom most portion of the application screen. Select the 
sensors that you wish to see on the HUD, and in the case that the gear shift 
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indicator is selected, enter in the rpm value that you wish to be notified to shift. 
Then press update, and if the application is connected to the helmet module, it will 
send the setting to it and will set it accordingly. The information will also be stored 
onto the phone. 
 
If the user desires to edit the emergency contact, press the “E.S. Settings” button 
on the bottom most portion of the application screen. Then enter the emergency 
contact, and press “Update”. The information will be stored on the phone for later 
use.   

 
23.4 Glassware  
 
The glassware section covers how to adjust the glasses to get a clearer image and 
what to do in case the image remains unclear.  

 
23.4.1 Optical Housing 
 
The optical housing unit provides an easy to use interface in which little effort is 
needed in order to achieve a clearer image. First, attach the optical housing unit 
inside of the motorcycle helmet on the right side. This can be done by attaching 
two heavy duty Velcro straps onto the right side of the optical housing unit to then 
be attached on the inside part of the helmet. Mount housing unit inside helmet and 
leave alone for 15 minutes. Once the optical housing unit has been completely 
mounted, turn on the system and put on the helmet for configuring the display for 
a clearer image. Adjust the outermost lens on the optical housing unit to focus the 
image. Once the focus has been set, adjust the aperture using the middle nob on 
the optical housing unit to finally achieve the best image possible. 
 

23.4.2 Mirror 
 
Using the mounted mirror unit, remove sticker to expose the adhesive portion of 
the mount. Open visor of the helmet and attach the mounted mirror unit on the right 
side of the helmet. Leave unit for 15 minutes on the visor for adhesive to have best 
possible results. Finally, turn on the system and put on helmet to then adjust the 
mirror. The mirror can be adjusted by altering the distance the mirror is from the 
helmet using the mount as well as by tilting the mirror at a preferred angle in which 
the image is at a comfortable position. 

 
23.5 Bluetooth Connections 
 
There are 4 Bluetooth Low Energy modules in total in the system. 2 of which are 
connected to using the Android application that is detailed in the following section. 
For the other 2, the connection will be established automatically. However, the 
motorcycle module must be turned on first to ensure that the module will be found 
during scanning. Next, turn on the helmet module, which will begin the initialization 
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of the system. Once the OLED display has been initialized, the BLE module will be 
sent a command to start scanning for devices. Once the motorcycle module has 
been found, a connection command will be issued, and be quickly connected. 
Verify that the connection has been established by observing the blinking red light 
on the BLE module to be a solid red color.  
 

23.6 Helmet Module 
 
Using the helmet module housing unit attach 4 pieces of heavy duty Velcro on the 
back of the housing and stick on the back of the helmet. Leave for 15 minutes for 
adhesive to fully stick. Connect ribbon cable coming out of the housing into the 
female ribbon connector for the OLED display found on the optical housing unit. 
To turn on system, simply flip the switch on and two red LEDs will turn on signaling 
that Bluetooth connections are preparing to be made. Meanwhile the OLED display 
will undergo its initialization sequence. To charge the battery, simply open housing 
and disconnect battery from the system and plug into the Tenergy Smart Charger 
using the JST connector for safe connection. Once the LED on the charger turns 
green, the battery is fully charged. 

 
23.7 Motorcycle Module 
 
To install the central motorcycle module unit, locate a spot on the motorcycle that 
experiences very little exposure the exterior conditions and that provides a stable 
base where the unit can firmly be attached to. Next, carefully run leads from the 
motorcycle battery and attach female JST connector. It is very important to take 
into consideration the polarity of the leads. Use the red wire for the positive terminal 
and the black wire for the ground terminal. Once connector has been set, simply 
plug in the male JST connector from the central motorcycle module to the female 
connector and flip the switch to the ON position. Once flipped ON, the user will see 
two blinking red LEDs indicating that Bluetooth connections have been initiated 
and that the system is being powered normally. 
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Appendix A - Copyrights 
 

The following are permissions granted by the author for the figures used in this 
report. 
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