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Project Narrative 
 
 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. (NHTSA, “Traffic Safety Facts”) Progression in safety equipment for 
motorcyclists have saved and continues to save numerous lives. However, there are often times 
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. 

 The majority of 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.  
 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 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 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 regards 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.  
 
● The device shall meet Department of Transportation (DOT) regulations for motorcycle 

helmets. 
● The device shall be easily detached from the device in the event of an accident. 
● The device, when combined with the helmet, shall be lightweight and portable. 
● The device shall be able to be powered on to have an average battery life of a few hours. 
● The device shall be able to receive navigation data from an Android application running 

on a mobile phone via Bluetooth and display it onto the HUD. 



 

● The device shall be able to receive navigation audio from the Android application and 
play them to the user via the onboard speaker. 

● The device shall be able to receive notifications from the mobile phone (i.e. Text 
messages, and phone calls) and display them on the HUD. 

● A variable resistor/ photoresistor shall be integrated to detect the ambient light level to 
adjust the brightness of the HUD. 

● A sensor shall be integrated to detect the gear changes on the motorcycle to display onto 
the HUD. 

● A sensor shall be integrated to detect the current speed of the motorcycle and display it 
onto the HUD. 

● A sensor shall be used to measure the engine RPM’s and allow the user to set a shift light 
at a certain RPM 

● A sensor shall be used to determine if the motorcycle has been crashed and be set to 
notify family and possibly law enforcement if necessary. 

● An ultrasonic sensor shall be used to detect objects in the users blind spot and notify them 
using an LED that will be displayed on the HUD. Filtering and amplifying circuit will be 
made in order to reduce cost. 

● The HUD shall be accomplished by using OLED displays and mirrors.  
 
 
Product Constraints 
 

Due to the project being integrated in to the helmet, the system must be able to comply 
with the department of transportation's (DOT) requirement for helmets to be considered safe. 
The precise name of the standard is FMVSS 218 but is often just referred to as DOT standard. 
The helmet mentioned in Table 3. will be DOT compliant to start with, and to maintain this 
rating, we are prohibited from having any extensions two tenths of an inch past the surface that is 
a permanent part of the helmet i.e. a drilled in spike. However if it is able to detach, as is part of 
our design, it is considered acceptable i.e. action cameras mounted to helmets. Another 
constraint is that the inner polystyrene foam has to be approximately one inch thick and firm. 
This will form a larger challenge than extensions to the helmet due to the project being internally 
mounted in the helmet. Additionally, the components used should be RoHS compliant as per 
European Union ruling to keep lead and other harmful products out of electronics. Aside from set 
standards, the other primary constraints this product focuses on is the total cost of developing a 
single functioning unit(excluding man hours involved), user comfort and applicability to all 
variations of helmets and motorcycles. The primary reason for focussing on these constraints is 
due to human factor being involved with this project where safety of the user is a key focus. We 
intend on following all applicable IEEE standards, such as IEEE Std 1679.1-2017 which is the 
guide for the characterization and utilization of Lithium-based batteries in stationary 
applications, one of the reasons we have opted to follow this standard is due to the fact that the 
battery we intend on using has to be rechargeable. If this was not the case, it would fall under a 
different standard. For the communication between the motorcycle, helmet and phone we intend 
on adhering to the IEEE 802.15 standard which governs the definition of specification used for 
the wireless connectivity with fixed, portable and moving devices within or entering personal 
operating space for the physical layer and the media access control. Since our devices will all be 
interconnected and moving with respect to each other, this is an important standard to follow if 



 

we would like our project to remain within the accepted standards. Although not a direct required 
standard for the project to follow due to it not being aerospace related is the AS8055A standard. 
This is being done due to the high level it sets for minimum performance standard and would 
ensure that our project meets personal expectations and completion goals. IEC 61508 is a 
standard governing functional safety of electronics in systems, and since part of our system is 
designed around both physically protecting the user as well as having the ability to dial 
emergency contacts in case of an accident, it is felt that the project must meet this standard in 
addition that none of the electronics are allowed to interfere with the motorcycle performance. 
The ISO 11898-1:2015 standards govern the logic with data logging and exchanging that 
information. This a crucial standard for us to meet since the motorcycle will have multiple 
sensors on board measuring and collecting data for display on the helmet as well as connecting to 
the phone in case of crash detection. This highlights the importance of meeting this standards 
since datalogging is a fundamental part of the project. Due to our project being attached to the 
helmet and being in close proximity we also intend on following the NFPA 70 standard, which 
governs all standards in regards to safe electrical design etc. The list of standards mentioned 
above are shown below in Table 1. In addition to these standards, the following are additional 
project constraints we have set for ourselves.  

  
● The product and helmet combined shall weigh under 2 kg.  
● The system shall be powered on for a minimum of 3 hours.  
● 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. 
● Individual sensors shall be controlled by individual microcontrollers with bluetooth 

modules to prevent a single point of failure from occuring. 
● In the event of a crash, the bluetooth module connected to the accelerometer shall 

communicate with the phone to begin the emergency protocol. 
● Sensors being put on the motorcycle shall only display when the user toggles them to, 

this also alleviates a priority issue as the priority is set with the user.   
● Heat generated by the system mounted to the helmet shall not exceed 40 degrees Celcius, 

to prevent damage to the helmet and maintain comfort of the user. 
● Speakers filter design shall be able to filter out external noise to maintain a clear signal 

but still allow enough noise thru to give the user an idea of his surroundings (sirens, 
honking, etc.) 

● All components mounted to the bike 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 
 
An additional constraint not mentioned and not a direct part of the physical project is the time 
and planning for this project as is mentioned in Table 4., where with the inclusion of a shorter 
summer term coupled with an large project time plays a crucial role and the use of this table and 
format will allow us to ensure that our project maintains on track for completion.  
 

 



 

Table 1. Standards and Compliances 
 

AS8055A 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 

NFPA 70 Safety in electrical design  

RoHS Non-lead based electronics  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Block Diagrams 
 
 

 
 

Figure 1. Helmet Module Block Diagram 
 
 

The VISOR system has two main components, the Helmet module, and the Bike module. 
As shown above in Figure 1., the helmet module will consist of the main board that includes the 
ATMega 1284P MCU, interfaced with a Bluetooth Low Energy module via Universal 
Asynchronous Receiver-Transmitter (UART), the HUD system via Serial Peripheral Interface 
(SPI), bluetooth speakers, and will be powered through the motorcycle battery. The Android 
application will communicate to the module via Bluetooth Low Energy. The Android application 
will be used to send the navigation data to the helmet module to be displayed onto the HUD. The 
Android phone will also be connected to the Bluetooth speaker to be able to play music, as well 
as the navigation audio from the application. Additionally, the application can be used to modify 
the display outline, so that the user can choose what information to display onto their visor.  

 
 
 



 

 
 

 
 
 

Figure 2. Bike Module Block Diagram 
 

The Bike module is used to gather data of the user’s surroundings. As shown in Figure 2. 
above, the representation of the ‘bike module’ is shown which is based around the main board 
that includes several ATMEGA 328P MCUs to control the data coming in from the different 
sensors. One of the capabilities of this system is the ability to detect cars in the user’s blind spot 
using an ultrasonic sensor. There will also be a gear shift indicator, RPM sensor, and 
accelerometer to improve the user’s experience while riding a motorcycle. The purpose of the 
accelerometer is to detect whether there has been an accident and to alert law enforcement and 
family members if that is the case. All of this data from the sensors will be gathered and sent to 
the helmet module using a bluetooth module to be displayed on to the HUD. The entire bike 
module will be powered using the motorcycle battery by creating a protection circuit to control 
and regulate the power going into the system.  
 
 
 
 



 

Budget 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 1. and Table 2. contain part of the money saving strategy where 
the required components are matched against the amount of components that are to be ordered as 
can be seen in Table 2. with the component labeled GY-521 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. 
 

 
Table 1. Photonics Hardware 

 

Component Cost per Part 
($) 

Amount 
required 

Amount 
ordered 

Total cost ($) 

Newhaven OLED 27.50 1 1 27.50 

Edmunds Flat Mirror 17.50 2 2 35.00 

N-BK7 Concave 28.00 2 2 56.00 

N-BK7 Convex 22.00 2 2 44.00 

Lens Mounts 20.00 4 4 80.00 

Beamsplitter 50.00 1 1 50.00 

Total    292.50 

 
 

 
 
 
 
 
 



 

Table 2. Electrical/Electronics Hardware 
 

Component Cost per Part 
($) 

Amount 
required 

Amount 
ordered 

Total cost ($) 

ATMEGA 1284P 5.36 3 3 16.08 

GY-521 (Accel.) 4.52 1 0 4.52 

7.4V 2.2 Ah battery 15.95 1 1 15.95 

ATMEGA 328P 4.10 4 4 16.40 

AT-09 (BLE) 7.95 4 4 31.80 

7805 (VR) 0.68 2 4 2.72 

Maxbotix (Sonar) 26.95 2 2 53.90 

Flat speakers (set) NA 1 1  

Resistors (unknown 
value) 

NA NA NA  

Capacitors (unknown 
value) 

NA NA NA  

TL084 Quad OpAmp 0.20 5 5 1.00 

Total    142.37 
 
 

Table 3. Miscellaneous 
 
Component Cost per Part 

($) 
Amount 
required 

Amount 
ordered 

Total cost ($) 

Motorcycle helmet 100.00 1 0 100.00 

FTDI Breakout 14.95 1 1 14.95 

Total    114.95 
 
 
 
 
 



 

Project Milestones 
 
 This project will span the time period of 2 semesters. The initial semester will be focused 
on determining the design of the system, and determining the necessary parts for the design. The 
selecting of components are 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. The general outline is shown below in Table 4.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 4. 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 

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 Bike 
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 May 2018 

Test and complete project 
- Finalize product and test/debug 

May 2018 July 2018 

 
 
 
 
 
 



 

House of Quality 
 

 
 



 

Work Cited 
 
National Highway Traffic Safety Association (NHTSA). “Traffic Safety Facts.” , 2013 
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812148  


