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1   Executive Summary  	
Ever since the 19th century, driving an automobile has been one of the main 

means of transportation. After several inventions from different people (Karl Benz, 
Henry Ford,etc.) the use of automobiles of all different sorts was increased greatly 
which in turn came with some problems.	

Some of the first cars invented were not as resistant to different types of 
weather as the cars we know and use today. Cars had to be parked inside so that 
they would be safe from cold, rain, or any other bad weather conditions [1]. As 
streets became more and more populated by cars, houses started changing the 
way they were being designed [2]. After the creation of the first parking garage, the 
first attached garages began appearing in the 1920s and became more and more 
popular a decade later. 	

 After garages of all sorts were created, the idea of an instrument to help 
car owners park their own car came into play, like a parking stopper, parking alert 
sensor. We wanted to create something that was specific to the user in order to 
help them park their car at home as well as benefit the user in different ways. We 
wanted to make a parking aid that was customizable to the owner as well as simple 
to use. Our design will come with lights to help the parker to know when to stop 
moving the car if it’s close to the wall of the garage. The design will also come with 
a display that will allow the user to adjust some settings based to their liking. The 
user can enable audio signals as well to help them park if they are hard of sight or 
just want an additional audio signal to help them with their parking. 	

Our garage parking aid will be an excellent alternative to other types of 
parking aids since it will be adjustable and helpful for more than just parking. We 
plan to include a number of convenience features to the device after the basic 
distance sensor is fully functional, including a failsafe optical distance sensor and 
features to alert the user if their lights are left on or if there is a theft attempt on 
their car. If we are able to successfully implement some of the Smart GPA’s extra 
features, it will truly become a unique product on the market. 	
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2   Project Description 	
Throughout this chapter, we will give a concise project description, covering 

the motivations, goals, and specifications that led us to our idea of the project and 
the design choices we made within it. In addition, a House of Quality diagram and 
project block diagram will be included and analyzed within this section. At the end 
of this section, an operations manual will be included to help any potential users 
operate our product properly. However, this section will not give any in-depth 
information about the specific design choices and technologies used in our final 
project design. 	

 	

2.1    Motivation  	
Our initial motivation for this design stems from our experience parking in 

large scale commercial garages, such as the garages university students park in 
when commuting to school, and the larger than usual scale of accidents that occur 
when parking a vehicle in a small space, especially for youth drivers. As young 
university students, we experience these situations often and sought to create a 
device that would mitigate risk of drivers accidentally hitting objects with their 
vehicles while parking.  	

While most parking garage sensors are mounted on a vehicle, with the sole 
purpose to protect that vehicle, our parking garage sensors were intended to be 
mounted on a wall, for instance, for varying vehicles to use when parking in that 
one location. Added features such as the option to pay for parking, extra life safety 
lighting, etc., would have made this device more marketable for commercial 
garages.  	

The proposal of creating a garage parking sensor marketable towards large 
scale commercial garages was our first idea proposal. This proposal 
was revised with our advisor’s suggestion of creating a garage parking sensor that 
could help with the handicap. We came to realize that creating a parking sensor to 
help specifically handicap people came with some difficulties.  	

Some difficulties that we came across with this idea was that the majority of 
handicap parking is always found on the first floor of any parking garage as well 
as close to stairs and exits, so it would not have as much obstacles as would a 
normal, non-handicap person. Another difficulty we found with this idea is that 
handicap people who can’t see and are blind, cannot drive a motorized vehicle due 
to the danger of others around them. Eventually we could not find a way to create 
a parking garage sensor to aid handicap drivers that is any different than regular 
drivers. 	

After thinking of a commercialized parking garage aid, and a handicap 
parking aid, we instead came up with a garage parking sensor marketable towards 
homeowners with garages instead. Our features shifted from helping drivers park 
in large scale garages to drivers parking in home garages. We then began to 
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brainstorm about other ways that our garage parking aid can help or alleviate 
drivers parking their cars in home garages. Some of our ideas were inspired by 
day to day concerns we have about our cars after we park and walk away from 
them.  	

We wanted to create a at home parking aid that was different than others 
seen in the market today. We started thinking of what concerns drivers have, and 
we came up with the idea of helping the user not only park their car, but as well as 
helping make sure the car and/or car lights are always turned off after exiting the 
vehicle. There are many times where people are in a rush or are simply forgetful 
about things, and one main thing a lot of people forget to do is turn off their car 
lights or car, which can drain the battery of the car. With our parking garage aid, 
we strive to help that problem that happens every day. 	

One concern we thought about was sensing for exterior car lights staying 
on after we walk away from the car. A common feature in modern cars are 
automatic lights, that turn on and off without our control. As useful as this feature is, 
a common incidence is that after a driver becomes too accustomed to this feature 
in their car, that when they turn off their vehicle and walk away, the light can 
sometimes remain on without notice. Therefore, we decided to add this light 
sensing feature to our device as an added feature. This would satisfy our concern 
of helping the users not just with parking their car. 	

Another feature we would like to add to the parking garage aid is to make it 
be user adjusted. We will add a GUI display that can allow the user to change 
the setttings to what they want and be user friendly. The GUI will be useful in 
changing the time, change the colors of the LED display and more.  	

With all the add-ons and features we added to our Garage parking aid we 
came up with the name Smart GPA (Smart Garage Parking Aid) and believe that 
it is different than any at home garage parking aid available to the market today. 	

 	

2.2    Goals and Objectives 	
The goal for this project is for it to be a self-contained, portable system that 

can be attached to the wall of any typical home garage where a vehicle can be 
parked so the device can detect the position of the car to avoid any possible 
collision with the wall. This device will also offer additional features such as an 
interactive display and lighting components for extra back up lighting.  	

Some of our objectives we would like to accomplish are listed below. 	

• Provide a working electronic system that is cheap to produce.  
• Design and build a Printed Circuit Board (PCB) that will be used as 
a controller for the power distribution.  
• Build a detection based sensor that will be the main device 
component to measure physical distances.  	
• Design a GUI display that will have settings the user can customize. 	
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• Design the display to be able to accommodate all users.  
• Create a light sensor that can alert the user when the car lights have 
been left on.  
• System provides clear output as an alert to driver via some 
programmable LEDs.  
• System is small enough to be viable for garages of any size. 	
• System can withstand splashes of water or contact with any other 
foreign substances.  
• System is built with materials that are easily acquirable by large 
commercial enterprises like Walmart, Amazon, etc., besides optical 
elements used for distance sensor.  
• System will be tentatively low voltage and run on one main power 
supply that will supply whole device.  	
• System will be enclosed in an enclosure that meets NEMA 
standards. 	
• System will meet all standards and constraints. 	

The fundamental function of the garage parking aid is to alert a driver 
parking either forward or in reverse in a parking space if they are within near 
proximity from the wall. This device will be attached to the wall with all its 
components compartmentalized in an enclosure. A visual light LED display would 
alert driver when it is okay to continue driving near the wall and then the color or 
pattern of light would change significantly enough to alert driver of high-risk 
proximity. Audio cues have yet to be determined but if possible, to integrate will 
also enhance the garage parking aid in alerting the driver. 	

 	
2.3    Specifications and Constraints 	

In this section, the specifications and constraints for our design will be 
identified and discussed below. Our specifications and constraints will be used as 
reference through our research and design phases to properly select components 
that can function within specifications and constraints.  	

 	
2.3.1    Specifications 	

Specifications are an important part of any design process. They are 
the ruler from which it is decided whether the final product was either a success, 
or a failure. Specifications should work to inspire design choices by giving broad 
requirements that must be fulfilled but may be fulfilled through a variety of methods. 
Different options can then be compared with each other on how well they would 
fulfill the project specifications. Specifications can be changed, but engineers 
should always work to try and fulfill a specification as well as they can before they 
change it.  	
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There are specifications for both the hardware and software components of 
a design which must be considered. Table 1 on the next page lists the basic 
hardware specifications of the Smart GPA. Table 2 lists the basic software 
specifications of the Smart GPA. 	

 	

1.1  The system will be able to measure distance between itself and a vehicle 
to an accuracy of 10 cm  

1.2  The system will be able to measure distance from a range of 0.3 m to 3 m  
1.3  The system will perform measurements at a frequency of at least 50 Hz  
1.4  Laser used for measurements will be at most an IEC Standard Class II 

laser  
1.5  The system will have RGB LED lights to alert driver  
1.6  The system will be able to update the lights at a frequency of at least 24 

Hz  
1.7  The system will operate at an input voltage ranging from 5 V to 12 V.   
1.8  The system will have a touch display to show system configuration GUI to 

the user  
1.9  The system will have a separate display which can have various functions  
1.10  The system will operate in dry or slightly damp conditions under 100 F  
1.11  The system will be at most 0.2 m in width, 1m in length and 0.5 m in 

height, not including wiring  
1.12  The system should be able to be powered and remain turned on 

indefinitely  
1.13  The system will be powered by one main power supply  
1.14  System total current will be under 10 Amps  
1.15  System will have an enclosure which will protect it from dirt and water  
1.16  System must have a simple method of disconnect  
1.17  System must be easily portable and not weigh more than 15 lbs  
1.18  Components must operate on a DC voltage below 12 V.   

Table 1: Hardware requirements and specifications 	

The additional specifications for the software of the Smart GPA are listed in 
Table 2, on the next page. Note that specifications should not directly choose an 
option for the team before the design process begins. For example, a specification 
to use a specific operating system is not a specification but a constraint. However, 
a specification listing a needed computing speed or compatibility of an operating 
system would be a valid specification.  
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2.1  Software will be on a single microcontroller for all components that need 
it  

2.2  The system will use a graphical user interface on a display LCD with 
touch capability  

2.3  The system will use code for how to display the LED lights (colors, speed, 
patterns, etc.)  

2.4  The system should process the distance measurements and change the 
lighting accordingly with a response time of less than 10 ms  

2.5  The system will detect when a car is parked in a spot and show a different 
state.  

2.6  The device will have an internal system for storing information about the 
current and past uses of the device  

2.6  The range finding system will send distance and other useful metrics to 
the internal system  

2.7  The system will support one user at a time.  
2.8  The internal system will be password protected.  
2.9  The GUI will have two modes of operation.  
2.10  The GUI will still display information on the current use without logging in. 

Account only needed to view past data.  
Table 2: Software requirements and specifications 	

 	

2.3.2    Constraints 	
Constraints are a concept in product design that are similar to the 

specifications but are different in some important ways. Like specifications, 
constraints must be fulfilled for the product to be a success. Unlike specifications, 
however, constraints are quite literally mandatory limitations that cannot be broken 
and still have the product be sold or exist. Unlike specifications, constraints serve 
to limit the choices that can be made during product design. Together, 
specifications and constraints help to find the best possible options for a design. 	

One of the major constraints for the Smart GPA is that our team is entirely 
self-funded, so cost and budgeting will be a major factor in its design. We are 
going to have to research different components that will give the same results but 
for cheaper prices, and good for the environment as one of our objectives is to be 
low cost and eco-friendly. Optical components are expensive, so there will be a 
tradeoff between the quality of our rangefinder and the cost of its components.  	

Another constraint will be the overall size of our enclosure. We cannot make 
the system too large, as it loses usefulness when it comes out too far from the wall. 
This will decrease the maximum possible size of our optical components used for 
distance sensing, which may end up decreasing performance. The enclosure 
needs to allow the lasers to escape and the camera to see outside, but it should 
also be waterproof to protect its inner electrical components, such as the 
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Raspberry Pi that will be used for calculations. The enclosure must also be big 
enough to contain the LED display lights as well as the Raspberry Pi. 	

Some of the more physical constraints involve the visual and audio cues 
that would be used to alert the driver parking the vehicle near the wall. The lights 
would have to counteract and still be noticeable to the red rear brake lights or white 
front lights in most commercial vehicles. The system cannot fully operate in 
environments where the light level drops too low as it can interfere with the 
functionality of the camera.  	

A constraint that would come up when testing the Garage Parking Aid is 
that only two of our group members have a car they bring to campus. When testing 
the system, we will be able to design it so that it works for those specific cars, but 
we will not be able to easily test how it works on different cars.  	

Another constraint is location of testing. As our device is marketed as a 
product ideally for home garage use, there are no standards for how home garages 
are laid out. Receptacle location, ambient light levels, and space cannot be 
assumed when designing our device. Therefore, creating a device that is flexible 
to these limitations would help in creating a more adaptable product. Our testing 
locations will change to test the functionality of our device in a multitude of 
environments within our specifications.  	

Another constraint is that the senior design lab room has very 
few components for us to use, as it only has multimeters and power sources along 
with a few other components. The senior design lab does not have the basic 
components needed to for powering components such as breadboards, resistors, 
or capacitors. We are limited by the tools in the Senior Design Lab to test the 
quality and functionality of our components. In order to test the components of the 
Smart GPA and its overall system, we will need to rent components from an 
outside source. 	

 	

2.4    House of Quality Analysis 	
The House of Quality is a chart which is used to help engineers decide the 

specifications for a product design. On one side of the House of Quality, consumer 
requirements are listed, and on the other, engineering requirements are listed. The 
House of Quality then contains a table illustrating the correlation between each 
pair of engineering and consumer requirements. Using these correlations, 
engineers can then decide which requirements should be prioritized and see how 
they will affect the other requirements of the product. In addition, the House of 
Quality can be used in presentations to show the features and attributes of the 
design for the consumer perspective. The House of Quality for our project, the 
Smart GPA, is shown in Figure 1 on the next page. 	
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Figure 1: House of Quality diagram 	

Our House of Quality displays the consumer and engineering requirements 
for the Smart GPA system. Several of these requirements are shared, with 
accuracy, cost, and size being important both for engineering design and 
consumer use.  	

Looking at our House of Quality, all the consumer requirements take time 
to improve and most result in increased cost as well, with the exception of reducing 
the size of the system. Reducing the size of the system results in a net positive for 
most of the consumer requirements but harms the accuracy of measurements. 
Therefore, we should aim to make the system as small as possible while fulfilling 
our accuracy requirement. Increasing power can improve our accuracy, but it 
comes at the cost of safety. Thus, we should be careful to never go above our 
power limit of 5 mW, since safety is a vital consumer requirement. However, 
increasing the measuring rate has no negative tradeoffs other than cost. This 
means that we should make the measuring rate as high as possible with the money 
we have ready to spend. The House of Quality is used for all of this analysis and 
can be used for much more to help us with our final project design. 	
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Our House of Quality also contains three engineering requirements that are 
highlighted in the diagram. These three requirements: Accuracy, measuring rate, 
and power; are the main engineering requirements that will be presented in our 
first demonstration of the Smart GPA. These three requirements were chosen as 
they control the overall functionality and safety of the design. 	

 	

2.5    Smart GPA Block Diagram 	
The project block diagram is used to organize the different technologies 

used in our project design, illustrating the inputs and outputs from each technology 
as well as the person who is assigned to work with that given technology. Using 
the block diagram, the group can get a better idea of how the different aspects of 
the project design work together to produce the final product. It also allows for the 
group to plan out responsibilities ahead of time and distribute them evenly so that 
no one person is doing too much or too little work. The block diagram for the Smart 
GPA is shown in Figure 2 below. 	

Figure 2: Smart GPA block diagram 	

The block diagram for the Smart GPA shows only the names of the 
technologies used, but not their implementation. The fundamental function of the 
Smart GPA depends on the distance measurement which is done using the laser 
diodes and the camera connected to the microcontroller. Once the microcontroller 
receives the distance measurement, it sends a signal out to power the LED lights 
through the PCB.  	

In addition to the main function, the microcontroller is also connected to a 
touch display which is used for customization and other possible features, and a 
pair of photodiodes used to detect whether the user’s car lights are on. All of this 
is powered from one main power supply connected to a PCB. Overall, the block 
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diagram has two blocks for all the group members except Nicholas Zollo, and since 
the laser diodes and camera work together as one distance sensor system, each 
group member is basically responsible for two blocks, leading to a well distributed 
workload. 	

 	

2.6    Stretch Goals and Feature Proposals 	
In the process of choosing features that would enhance our device but also 

comply with our requirements of senior design, many features were discussed but 
decided to not be chosen and to not be main features of the device. Many of the 
reasons the features were not included in our project design goals and objectives 
varied with each different feature. Below we will discuss some of the features that 
almost made it to our design and also still have the possibility of adding them if 
time permits to enhance future models of our Smart G.P.A. device.  	

 	

2.6.1    Car Light Detector 	
An early feature considered for the Smart GPA would be a system to 

detect whether the car’s lights are on when it is parked. When we made the change 
to the Smart GPA to be for home use rather than a parking garage, this feature 
seemed to be an obvious convenience boost for the user, and something the user 
might use often. Many people accidentally leave their headlights on if their car does 
not automatic lights, or even leave their car on when they park. When this happens, 
the car quickly uses up its battery, and when the car itself is left on, there is an 
increased risk of theft. For these reasons, detecting if the car’s lights are on is a 
valuable feature for the Smart GPA. 	

The implementation of this feature would depend on the use of photodiodes, 
optoelectronic elements which create an electrical current based on the amount of 
light hitting them. From this generated electrical current, we can differentiate 
between different light levels, and possibly tell when the car’s lights are on or off. 
If this is detected for a short period of time, over a minute or two, then the user 
would be alerted in some fashion to let them know they left their headlights or their 
car on after parking. This feature was not included in this prototype because it was 
not required for our Senior Design project. This feature would not be difficult to 
integrate into our device as it would not consume a significant amount of power 
and would not impede in the functionality of the all the other components. 	

 	

2.6.2    Failsafe Distance Sensor 	
One of the most prominent ideas for an addition to the Smart GPA is the 

addition of a second failsafe distance sensor that works along with the primary 
laser triangulation distance sensor. This idea was first suggested to us by our 
team’s advisor. The purpose of the failsafe distance sensor would be to alert the 
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user that they are very close to the wall even when the primary distance sensor is 
not working for some reason. This way, even if the Smart GPA has some errors 
with its distance sensor, the danger to the user will be minimized. 	

The main idea suggested for this failsafe sensor would be a light source 
planted in the ceiling or side wall of the garage with a retroreflector placed on the 
opposite side of the garage. The retroreflector would be placed so that the light 
is reflected back into the source and is detected there. However, both the light 
source and the reflector would be placed in a way such that a car pulling in will 
block the path of the light back to the source. 	

When the car pulls in and blocks the light, the failsafe distance sensor 
knows that it is in the path of the light and close to the wall. It will then either send 
a signal to the main Smart GPA signal to tell the user to stop, or make a visual or 
audio signal itself to warn the user. If this feature were implemented, it would take 
some extra work for sure, but the consistency of the Smart GPA system would 
improve greatly. 	

 	

2.6.3    Measuring Time Car is Parked 	
One of the features considered was being able to measure the amount of 

time a car was parked. This feature was originally considered when the Smart 
G.P.A was marketable towards large scale commercial garages. This feature could 
have been helpful to the user parking their car, but especially to the owners of the 
garage who would want to keep track of parked car’s time. 	

In our conceptual design, this did not seem hard to implement, as the 
sensor on the device already measured distance. Therefore, this feature would 
have involved implementing an algorithm for the sensor to constantly collect 
data and verify if a vehicle is parked in front of sensor. This feature was ultimately 
declined because it does not seem helpful for homeowners to want to collect the 
time their car is parked. We include this feature on this report though, because it 
good to note that all components necessary for this feature will be acquired to 
accomplish our main goals. Which makes this feature still attainable to accomplish 
and add to our device.  	

 	

2.6.4    Audio Alert 	
Another feature that may have seemed obvious to add was alert sounds to 

go along with the LED visual alerts to alert the driver when parking car. This would 
have enhanced the main goal of the device which is to alert drivers when they are 
parking to near to the device. This was decidedly not added as a feature to the 
device because it required a whole extra component dedicated to just alerting 
driver. It was decided that only one component would be needed. LED lights were 
chosen for handicapped drivers who have hearing disabilities or impairments 
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cannot rely on audio alerts. Whereas with LED lights, all drivers can notice the 
visual alert. 	

The audio alert can be added as a feature in this project with the added 
component of an audio system. This would require an audio amplifier to amplify 
the analog signals from a microcontroller which usually have low analog signals, to 
create an audio alert. There is also the added constraint that the audio alert 
cannot startle the driver too much and cause an accident.  	

 	

2.6.5    Tracking Location of Vehicle  	
This feature was heavily considered when the Smart G.P.A. was marketable 

towards large scale commercial garages. One issue many drivers run into when 
parking in large garages is tracking the location of their parked vehicle. With the 
device being stationary and with the added feature of sensing a vehicle parked, it 
could alert drivers where their vehicle is parked. This feature proposal did not go 
far in the conceptual phase. We did not decide whether the location of car would 
be tracked via GPS, Bluetooth, or no wireless communication technology. If the 
user can alert the device that it wants to be alerted of the car location, then one 
option was to turn on audio and visual alerts so the car can be tracked. Very similar 
to a car alarm in modern cars.  	

Another option would have been to track vehicle via GPS or other wireless 
communication technology that can provide directions to driver of where their 
vehicle is parked. This feature though in home use does not provide much 
potential to homeowners who likely do not need help with locating their vehicles.  	

 	

2.6.6    Theft Prevention 	
Another stretch goal was to be able to detect motion surrounding 

the parking vehicle from the where the device was mounted in the hope to detect 
unusual movement near vehicle. Theft from vehicles is a common problem 
and technology to reduce that can be extremely marketable. This goal was 
conceptualized when we were considering creating the Smart G.P.A for large scale 
commercial garages, bur this feature would still be marketable toward 
homeowners. As ambitious as this goal was, we ran into many obstacles in 
fool proofing this method. Obstacles conceptualized included being able 
to accurately detect movement specifically related to theft. A proposal could have 
been used with AI technology to detect a theft. Machine learning is typically an 
integral part of smart technology. Incorporating AI into our project though, would 
alter the designs for almost everything else. From our power distribution to our 
selection of MCU. It was a good idea and maybe a future model can incorporate 
this feature, but we could not achieve conceptualizing this proposal with the quality 
of technology utilized in the design of this device.  	
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A potential method discussed for theft prevention would be requiring the 
user to sign into the Smart GPA system before pulling out of their garage. If the 
user did not sign in and the distance sensor detected the car pulling out, then the 
user would be alerted. This idea was tossed around but was thought to have posed 
too much of a hassle for the user to be worthwhile. It is far more likely that the user 
would forget to sign in and be annoyed by a theft prevention alert than that 
someone else would attempt to steal a car in someone’s garage and the user 
would find the alert useful. However, this idea would not be very difficult to 
implement for the Smart GPA team. 	

 	

2.6.7    Mobile Application 	
Creating a mobile application as our user interface was proposed before 

using a GUI. This was because it was proposed to be used in the large-scale 
commercial garages with drivers who wanted to still interact with the Smart G.P.A. 
but away from their parked vehicle. Extra features that could be accessed through 
mobile device included tracking vehicle, checking how long car was parked, and 
heavy consideration was put into adding a method for drivers to pay for parking 
through mobile application as well. In home use however, the mobile application 
would adhere to different features then the features listed above for the large-scale 
commercial garage setting. Homeowners most likely do not need the option to pay 
for parking or tracking their vehicles.  	

The proposal for a mobile application still has many benefits and could be 
an added feature in future garage parking aids. The features along with the mobile 
application for homeowners will include getting alerts through the applications if 
exterior car lights are on, setting up a motion detector in garage. With the mobile 
application, it would help home users get alerts through the application whether it 
senses movement in the garage with the motion detector, and notify you if the 
Smart GPA senses anything suspicious when the user is away and not able to 
check their garage for themselves. 	

The Smart GPA mobile application would also have an option to serve as 
an external settings controller where it can turn off the lights from the Smart GPA 
if they are not required at the time to save battery and save energy. 	

 The Smart GPA mobile app could also integrate with the potential theft 
prevention feature listed in section 2.6.6. The user could sign in remotely through 
the app while getting ready to leave, increasing the convenience of signing in. 
Additionally, if the home owner does not sign and gets an alert of suspicious 
movement in their garage, with the mobile application they would have the option 
of recording the movement (helps with theft protection) and would have the option 
of alerting authorities like the police if they are not at home or far away. 	
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2.6.8    Emergency Lighting 	
A feature highly considerable would be for the device to provide emergency 

lighting when main power from home is not supplied during emergency. 
Emergency lighting allows people to see clearly, avoid obstacles and move 
confidently through dark areas or in an emergency. It provides illumination and 
would be very useful since home garages are typically indoor and dark at non-
sunlight hours.  	

The emergency lighting could remain on for a significant amount of time and 
provide egress lighting for people at home to navigate in the dark. The device 
would have to withstand powering the LEDs for a certain amount of time with 
battery supply for this feature to be included.  To verify if this feature could be 
included would involve having to calculate the load of the LEDs powered on for a 
significant amount of time, and the power supply the battery can provide.  	

The reason this did not make it to the final design, was the increasing 
complication of incorporating a system to activate the emergency lighting when the 
device would be powered by batteries. For the device to sense that there has been 
a power outage, it needs to be connected to the home power source constantly. 
With the device, running on battery this would not be possible. Another method of 
activating the emergency lighting could involve using a mobile application feature 
for the user to communicate with the device remotely.  	

 	

2.6.9    Music and Radio 	
Another feature that is highly considerable would be the addition of a Radio 

component in the Smart G.P.A. Homeowners from time to time spend a 
considerable amount of time in their garages whether it be from working on their 
cars, or taking items in and out of their garages, and etc. The Radio Add-On would 
give them the option to listen and tune in to any radio station of their choosing 
instead of bringing out a speaker to listen to their music. If the user wanted to 
access any radio station available to them, they would be able to from the display 
that holds the GUI. The GUI would have an option on the menu to open up and 
show any radio stations that are available in the area and browse through the 
channels to the one the user wants to listen to.  	

Another option we considered but did not make it to the final design of the 
project was the option of connecting smart phones through BlueTooth as well as 
having a connection in the display to connect an auxiliary cord to be able to connect 
mobile devices like smart phones to play music of their choosing. Also we thought 
of having a Blue Tooth setting to connect any portable speakers if the user wished 
to have their music be played louder than the GUI display could permit. We would 
not be able to have the music coming out from the display to be too loud because 
of the size and cost it would be to add efficient and powerful speakers would be 
too much for the Smart G.P.A. 	
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2.6.10    Color Changing Setting for Color Blindness 	
A feature we will consider if time permits is providing an option for the user 

to change the background color settings on the GUI to help people that are color 
blind see the different settings and options on the GUI display. Color blindness is 
the inability for some people to see and distinguish between certain colors. For 
people who have red-green color blindness, blue-yellow color blindness, or total 
color blindness, the GUI would have the option in settings to change the colors, or 
add certain color filters to some colors to set the difference in colors with brightness 
change so that they can distinguish from to allow for easier usage. 	

The customization of the color settings for the Smart GPA as well as the 
addition of audio signals would allow the Smart GPA to be used easily even by 
those with poor vision, adding extra utility to the product and potentially aiding 
visually impaired people who may have problems parking in a dark garage after a 
long day of work. 	

 	

2.6.11    Battery Level Monitoring Circuit  	
 A feature that would not be so difficult to implement and would enhance 

our user experience would be an alert for low battery to alert the user to either 
replace or recharge batteries used to power the device. This would help determine 
when the battery power is low. A circuit would consist of using two NPN transistors, 
resistors, and Zener diodes to measure the charge a battery currently holds. This 
is possible because battery current deteriorates as the charge of the battery is near 
zero. Figure 3 below illustrates a basic schematic of a circuit that could be used to 
monitor the battery level of the Smart GPA. This feature is not currently included 
because it was introduced as a stretch goal later in the design process but would 
be been a great feature to include. The circuit could have been part of the PCB 
and would likely visually alert the user through the touch screen display, like how 
our phones alert us when our batteries are low. 

 
Figure 3: Tentative schematic of battery level monitoring circuit 
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2.7    Smart GPA Operations Manual 	
The Smart GPA is a device that is designed to be attached to the wall of an 

indoors household garage and assist the user with parking while providing a variety 
of convenience features. As the user pulls into their garage, visual feedback in the 
form of strip LED lights will be given to help them pull in properly. The Smart GPA 
measures the distance from itself to your car in real time using a laser triangulation 
system. When using the Smart GPA, be careful to not stare directly into the red 
laser light emitted from the system. 	

The Smart GPA comes packaged with a 7” touch display which has an 
interactive GUI. The touch display has two main modes, Operation Mode and Idle 
Mode. Operation Mode is automatically enabled when the user pulls in towards the 
Smart GPA, and it displays the measured distance to the car working in tandem 
with the LED lights. Idle mode is activated when no car is detected in front of the 
Smart GPA or when a car is parked for a short period of time. In Idle mode, the 
user may customize the settings of the Smart GPA including the colors and 
behavior of the LED strip lights. In addition, the user may view past data collected 
by the Smart GPA system in this mode. 	

The Smart GPA system is designed to be attached to a wall or other flat 
surface in a home garage. It is best suited for indoor operation, as the distance 
measurement may fail under direct sunlight. The Smart GPA should be set up so 
that the camera is at the height of the bumper of your car, below the car’s 
headlights and windshield. If you encounter problems using the Smart GPA, 
consider repositioning the system to possibly get better results. 	
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3   Research and Technology Comparison  	
This chapter will cover the complete body of the research performed while 

creating our project design and deciding on the technologies and implementations 
we would use. We will cover similar existing technologies to determine how our 
project should be inspired by but also differ from the technologies. In addition, we 
will cover the variety of technology options that we have considered throughout the 
span of our project design. As our project is multidisciplinary and involves 
computer engineering, electrical engineering, and photonics, the research we 
performed covered a wide variety of topics. 	

 	

3.1    Existing Garage Parking Aid Systems 	
Current parking sensors products readily available in the market usually are 

proximity sensors mounted on front or rear of vehicles. They alert the driver of near 
proximity to objects through audio tones but can also include camera views 
through an LCD screen. This sort of proximity sensor for vehicles 
are commonly seen in newer vehicle models with LCD screens. Our design differs 
greatly that it is not to be mounted on a vehicle but to be mounted in one location 
instead. Also, most parking garage sensors are significantly smaller in scale than 
our design. Some of the different recent technologies that have a somewhat similar 
purpose to our design is detailed below. While there are a variety of different types 
of garage parking aids, below we have listed some that we researched into and 
compared with our design.  	

 	

3.1.1    MAXSA Park Right Garage Laser Park 	
At around forty dollars, this device gets attached to the roof of the garage, 

and is powered through batteries. The MAXSA Park Right Garage Laser Park 
aid is motion activated and it has a range of around 15 feet or so. This device 
gets activated as soon as the car is driven into the garage and before it is even 
close to anything it can hit.  	

It works by using lasers when activated and it will shine down a bright red 
laser down that can be used as a reference point to pull the car in its 
correct space. This device weights around 11 oz and its key features are that it has 
a dual laser, will automatically get switched off when no motion is detected, and is 
very easy to install [3].  	

When looking at this garage parking aid, we liked how it used lasers when 
it was activated and they were used as a reference point to stop the car from pulling 
in to the parking spot, our will have a reference point and give the user visual of 
when to stop pulling the car in to the garage by using LED lights with specific light 
patterns and colors to signify when to stop the car or keep going. Figure 4 on the 
next page is an image of the MAXSA Park Right Garage Laser Park. 	
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Figure 4: Image of MAXSA Park RIght Garage Laser Park 	

Reprinted with permission from MAXSA Innovations [4] 	

 	

3.1.2    Garage Parking Aid Ball Guide System 	
This device from Let’s Innovate Life comes with a yellow ball so that it is 

easy to see in even the darkest of garages, and is very easy to install. It comes 
with a clip that gets screwed into garage rafters or to the roof of the garage. The 
yellow ball hangs at the end of a 8 foot string. It is used by having the ball as a 
visual as to where to stop pulling the car in to the garage, it acts as a reference 
point. With its bright color for easy visibility, its simple but effective [3]. 	

This Let’s Innovate Life Garage Parking Aid Ball Guide System served as 
inspiration to us to include having a visual as to when the car should be stopped 
or can keep driving in to the garage. The visual we chose were lights that changed 
in pattern and color to symbolize when the car should be stopped or when it still 
has clearance to keep moving in to the parking space. Figure 5 below is an image 
of the Radtek Garage Parking Aid Ball Guide System. 	

 	

Figure 5: Image of Garage Parking Aid Ball Guide System 	

Reprinted with permission from Let’s Innovate Life [5] 	
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 3.1.3    Park-It Parking Curb Wheel Stop 	
This device serves as a garage car stop, and is a much more physical 

marker than the 2 devices described above. It can be moved to position and 
provides enough resistance to car tires without it being connected to the floor. This 
device is very flexible, lightweight, and very easy to install and move. It is 
approximately 72 inches in length and weighs around 34 lbs. 	

When looking into garage parking aid devices, this device was the one we 
liked the least. Even though it is a more physical marker as to where the vehicle 
should be stopped, we came to an agreement that depending on the speed and 
weight of the car going into the parking space, some cars might go over the 
physical marker and go over the reference point as to where the car should be 
stopped. If the car is goes over the marker, the car is more likely to hit any object 
in its clearance compared to using other parking garage aids [3]. 	

Because of the idea of this physical marker not working, we agreed that the 
visual display that we will incorporate into the design should have a frame or 
protective barrier for protection against cars hitting the display. Figure 6 below is 
an image of the Park-It Parking Curb Wheel Stop. 	

		

Figure 6: Image of Park-It Parking Curb Wheel Stop 	

Reprinted with permission from Post Guard [6] 	

 	

3.1.4    Striker Adjustable Garage Parking Sensor 	
Compared to the other devices described above, this device uses ultra-

sonic pulses rather than using lasers. This device also has a display. It flashes 
green when the automobile approaches, it turns yellow as it nears the ideal parking 
position and then it turns red when the car cannot move any further and should 
come to a stop. This device is easy to use and install as it attaches to the wall with 
Velcro. This device weighs around 4 oz and is easy to install and set up [3].  	

This device compared to the others researched is our device has the 
most similarities with our design. It has the visual of lights changing as well as 
being easy to install and attach to the wall. The difference between this device and 
the device we have planned to do is we will also have a controller system through 
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a GUI display that will be able to give users the option to select and control their 
own settings, for example changing the date and time, as well as turning on and 
off the lights. Another difference is we will be using lasers to find the distance the 
vehicle is in comparison to the reference point. Figure 7 below is an image of the 
Striker Adjustable Garage Parking Sensor. 	

	 	

Figure 7: Image of Striker Adjustable Garage Parking Sensor 	

Awaiting copyright permission from STKR Concepts [7] 	

 	

3.1.5    Chamberlain Garage Parking Assistant 	
This device is designed to be mounted to the roof of the garage, and is 

powered by being plugged in directly into the wiring for the garage door sensors. 
It is not powered through batteries [3]. 	

Some of its key features that it works only if the user owns Chamberlain 
Garage Door Openers, and it uses a bright red, easy to see laser beam. This 
device is limiting in allowing user to control the device. This device also does not 
alert the driver, but aids driver in locating perfect parking spot. Figure 8 below is 
an image of the Chamberlain Garage Parking Assistant. 	

 	
Figure 8: Image of Chamberlain Garage Parking Assistant 	

Awaiting copyright permission from Chamberlain Group [8] 	
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3.1.6    Advanced Parking Guidance System  	
Used as a built-in feature in vehicles is the APGS which uses computer 

processors, a camera, and sonar technology to aid drivers in parallel and reverse 
parking. Most current day vehicles include a camera attached to the back of the 
vehicle to allow drivers to view their rear blind spots through dashboard LCD 
display.  	

The APGS system differs from common rear cameras that come with 
current model cars in that the driver only verifies where the car is to be parked and 
the guidance system will park the car on its own with very little intervention from 
driver. Like our basic design for detecting distance, this system is a lot more 
sophisticated that it can control the vehicle. This system also is not portable and is 
a built feature in specific cars, making it only marketable to customers who can 
afford a whole new vehicle if interested in owning this system.  	

 	

3.2    Distance Sensor Technologies 	
When beginning to design the Smart GPA, it was clear that the central 

technology that was needed for the device to function was a distance sensor which 
could measure distances in real times and send the information to the rest of the 
system. With that in mind, several different distance sensing methods were 
considered, with the expectation being that we would need to create the tool 
ourselves rather than buy an existing one. For this reason, specific products were 
looked at only to see how they worked, and not as a consideration to actually 
use them for the Smart GPA. 	

 	

3.2.1    Ultrasonic Sensor 	
The first distance sensor considered was an ultrasonic sensor. An ultrasonic 

sensor uses a single transducer element to send and receive ultrasound waves. 
Ultrasound waves are sound waves which have a frequency greater than 20 kHz, 
meaning that they are beyond the range of human hearing. A portion of every 
sound wave will reflect off every medium it contacts, sending some of the signal 
back to its source. When the transducer sends out an ultrasound wave, it 
measures the amount of time until the transducer receives the same signal through 
reflection. With this time lapse measurement, the ultrasonic sensor can calculate 
the distance to the object the ultrasound wave reflected off, since sound travels at 
a consistent speed of 344 m/s. The total distance the ultrasound wave travels is 
calculated by multiplying the measured time lapse by the speed of sound, 344 m/s. 
This distance is double the distance to the object the ultrasound waves reflected 
off, due to how the ultrasound wave travels all the way to the object and back. The 
distance to the object is thus calculated using Eq. (1) on the next page, with L = 
distance to the object, T = time lapse measured by the ultrasonic transducer, and 
C being the speed of sound (344 m/s) [9]. 	
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𝐿 = 𝑇 ∗ 𝐶               (1) 	

 	

3.2.1.1    Performance 	

Ultrasonic sensors are traditionally the most common choice for non-
contact distance measurement at middling ranges, such as the 1 to 10 feet 
operating range of our Smart GPA. The relatively slow speed of sound allows for 
accurate measurements at ranges up to 10 meters, after which measurements 
become more delayed and signal amplitudes decrease. Some ultrasonic sensors 
can operate accurately at longer ranges, but none can compare to the range of a 
laser time of flight sensor. 	

Ultrasonic sensors can be designed to be very accurate under optimal 
conditions, but the environment they are used in can affect the accuracy of the 
measurements. The most significant source of inaccuracy in ultrasonic sensors is 
the fluctuation of the speed of sound with temperature. The speed of sound 
changes by about 0.17% for every 1 degree Kelvin, so measurements from an 
ultrasonic sensor will be off by 1% if the environmental temperature is just 6 
degrees Kelvin off of the operating temperature. For this reason, most ultrasonic 
sensors must have a temperature sensor to adjust for this factor, which would take 
some extra work from us to implement.  	

Ultrasonic sensors may also fall in accuracy if there is a significant amount 
of noise in the environment which is within the ultrasound frequency range. If this 
is the case, all sorts of errors in measurement may occur. However, for our 
purposes, the amount of noise in the environment at the ultrasound frequency will 
likely not compare to the level of the ultrasound signal. Ultrasonic sensors also are 
not designed to work in any medium other than atmospheric air, but for our 
purposes, atmospheric air should be the only medium between the sensor and the 
car to which it is measuring the distance [10]. 	

The response time of ultrasonic sensors is fast enough for our purposes. 
When a signal is sent out to a car at our maximum range of 10 feet (3 meters), the 
ultrasound signal would take, by time of flight calculations, about 20 milliseconds 
to be received at the transducer. This travel time would need to be added to the 
calculation time, which should be simple and fast. Therefore, the response time 
should be well below our specification of 50 milliseconds. 	

3.2.1.2    Cost and Ease of Implementation 	

Ultrasonic sensors are quite cheap and easy to implement. All that is 
required is an ultrasonic transmitter and receiver and a microcontroller to control 
the elements and perform the necessary calculations for distance measurement. 
To create one from scratch, it would cost below $50, with most of the cost coming 
from the microcontroller used. However, the ease of implementing an ultrasonic 
sensor, as well as the lack of optics in its function, makes it not sufficient work for 
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our group. We want to find a distance sensing method that is reasonable 
to implement but uses optics or optical elements in its design. 	

 	

3.2.2    Laser Time of Flight Sensor 	
A laser time of flight sensor, or a time of flight laser rangefinder, operates 

on a similar principle to ultrasonic sensors. A short laser pulse is emitted and the 
sensor measures the time until a portion of the optical pulse is detected back at 
the receiver after being reflected. The receiver used in most time of flight sensors 
is a photodiode which converts an optical signal into electrical current. After the 
time lapse is measured, the distance is calculated using Eq. (1) like for the 
ultrasonic sensor, but C represents the speed of light rather than the speed of 
sound. Due to the much greater speed of light compared to the speed of sound, 
high speed electronics are necessary to measure time lapses that are on the scale 
of nanoseconds. 	

3.2.2.1    Performance 	

Time of flight laser rangefinders are often used for long range 
measurements from hundreds of meters to kilometers. With highly advanced 
technology, laser time of flight measurement has even been used to measure the 
distance between the earth and the moon to an accuracy of only a few centimeters. 
Short range measurements as well as accuracy of the measurement depend 
heavily on the speed of the photodiode used. For an accuracy of 10 cm as specified 
for our design, we would need a photodiode with a temporal resolution of 0.67 
nanoseconds, an extremely accurate device relative to other methods of distance 
sensing [11]. 	

The speed of light, like the speed of sound, is dependent on the medium 
through which it passes. Specifically, the speed of light in a medium is equal to the 
speed of light in a vacuum divided by the refractive index of the medium it is 
passing through. The refractive index of air changes with humidity, elevation, and 
even somewhat with temperature, but the change is minimal would lead to errors 
in distance measurement minor enough to be ignored. Weather conditions such 
as fog, rain, or snow have a more significant effect on laser propagation and would 
introduce significant errors into time of flight laser rangefinder 
measurements [12]. However, our product is for indoor use, so weather conditions 
would not have a major effect on measurements. 	

Compared to ultrasonic sensors, the response time of time of flight laser 
rangefinders is much lower. For our maximum range of 10 feet, where the 
ultrasonic sensor would take 20 milliseconds to receive the signal at the transducer, 
a time of flight laser rangefinder would receive the signal in a time of 20 
nanoseconds, a million times faster. This time is basically negligible, and the 
response time would consist almost entirely of the calculations and processing of 
the signal. 	
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3.2.2.2    Cost and Ease of Implementation 	

Compared to other methods of distance sensing, a time of flight laser 
rangefinder is more expensive and difficult to create. Several Senior Design groups 
of the past have attempted to create a laser rangefinder by itself as their entire 
project, to middling results. Components used in a laser rangefinder, other than 
the laser itself and the high speed photodiode used as a receiver, include a range 
of basic optical components and a microprocessor or other electronics that control 
the system and perform calculations for the measured distance [11]. These parts 
can easily total over $200, and this cost combined with the difficulty of 
implementation makes it so that the time of flight laser rangefinder is not well suited 
for our project design. 	

 	

3.2.3    Phase Shift Laser Rangefinder 	
A phase shift laser rangefinder is a laser rangefinder which does not use 

the direct time of flight method for distance measurement, instead comparing the 
phase of a modulated signal to determine the travel time of the laser. Like with the 
ultrasonic or time of flight laser sensor, the travel time is used to calculate the 
distance to an object. For a phase shift laser rangefinder, the laser sends a signal 
for long enough for the photodiode to observe the modulation of the received 
power over time and determine the phase of the received signal. The phase of the 
received signal is compared with the current phase of the modulated laser to 
measure the phase shift at the distance to be measured. This phase shift is equal 
to 2π times the modulation frequency times the time of flight, so we can obtain the 
time of flight by dividing the phase shift by 2π times the modulation frequency. 
Once the time of flight is obtained using the phase shift, Eq. (1) may be used to 
calculate the distance to the object as with the ultrasonic sensor or the time of flight 
laser rangefinder, with C being the speed of light [13].  	

3.2.3.1    Performance 	

Unlike to the time of flight laser rangefinder or the ultrasonic sensor, there 
is a hard limit on the range of a phase shift laser rangefinder. Phase shift can only 
be measured as a value between 0 and 2π, so for a laser modulated at one 
modulation frequency, the maximum distance that can be measured accurately is 
the distance corresponding to a phase shift of 2π. If one attempts to measure a 
distance greater than this maximum distance, they will observe an error as the 
phase shift will be measured lower than it is and the distance measurement will be 
much shorter than the distance is in reality. The maximum distance that can be 
measured for a specific modulation frequency is calculated below, with the result 
as Eq. (2). 	

𝜙 = 2𝜋 ∗ 𝑇 ∗ 𝑓																							𝜙+,- = 2𝜋															2𝜋 = 2𝜋 ∗ 	𝑇+,- ∗ 𝑓			
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The maximum range as well as the accuracy of the measurement can be 
tuned by adjusting the modulation frequency of the laser. For this reason, the 
phase shift laser rangefinder is suitable for a variety of ranges, including our range 
specification of 1 to 10 feet and accuracy specification of 10 cm. The modulation 
frequency also influences how long it takes to get a phase shift measurement, so 
it can be used to control the response time as well. The response time is faster 
than the ultrasonic sensor due to the much lower time of flight, but slower than the 
laser time of flight rangefinder due to the extra measurements and calculations 
needed for distance measurement. 	

3.2.3.2    Cost and Ease of Implementation 	

Using a phase shift laser rangefinder adds some additional complications 
compared to the previously discussed elements. The laser used must have good 
performance when modulated at a high frequency, so it must have low rise and fall 
times. This increases the cost of the components for the rangefinder. In addition, 
the calculations are far more complex so more work would need to be done with 
the microcontroller which the system runs on. However, the phase shift laser 
rangefinder does not require sub nanosecond response time photodiodes like the 
time of flight laser rangefinder does, so it removes some of the cost and 
complications associated with the time of flight laser rangefinder. This however is 
completely offset by the addition of the required optical modulator, which costs well 
over $1000 from common optics suppliers. 	

Theoretically, the phase shift laser rangefinder is a strong option to be used 
for our project due to its ability to function at our desired range with high accuracy 
and a low response time. However, the extreme cost of an optical modulator 
and the performance requirements of the components and complexity of distance 
measurement make it so that the phase shift laser rangefinder is not the best 
choice for our distance sensor. 	

 	

3.2.4    Laser Triangulation 	
The final type of distance sensor considered was a laser triangulation 

system. Laser triangulation involves pointing a laser at an object so that the light 
is reflected off the object and back into a camera which acts as the receiver. 
Depending on the distance to the object, the laser light will be detected at a 
different spot on the camera. By using trigonometry as well as geometric optics, 
the relationship between position on the camera and distance to the object may be 
calculated. Laser triangulation systems then calculate their distance measurement 
using this relationship and the observed position of reflected laser light on the 
camera. There is no one set formula that may be used to calculate the distance 
measurement from the observed position of laser light on the camera, as the 
relationship must be derived individually for each unique laser triangulation optical 
setup. 	
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3.2.4.1    Performance 	

Laser triangulation is often used to measure extremely short distances on 
the scale of microns, but it can maintain good performance on ranges up to about 
100 meters. The laser triangulation method comes with a major tradeoff between 
range and accuracy. It is possible to create a triangulation system to work at 
practically any range, but greater range comes at a loss of accuracy. This is 
because the resolution of the camera can only support a finite number of unique 
positions for the reflected laser light, so to measure at a larger range there must 
be a larger distance between each unique position [14].For our range specification 
of 1 to 10 feet, however, the accuracy of the triangulation system should easily be 
better than the 10 cm that is our accuracy specification. 	

Another drawback of the laser triangulation method is that the measurement 
rate is dependent on the frame rate of the camera used in the triangulation system. 
The distance measurement depends on the position of the reflected laser light in 
the most recently captured image, so the distance measurement cannot update 
without another image being captured by the camera. For this reason, the 
maximum measurement rate of a laser triangulation system can be no greater than 
the frame rate of the camera that is used. 	

Laser triangulation systems must always maintain the same setup and 
alignment, or the relationship between the measured position of the reflected laser 
light and the distance measurement will change. If the system changes 
significantly, the measurements from the triangulation system will be completely 
erroneous. For triangulation systems using optical elements, all optical elements 
must be completely protected from dirt and other unwanted materials that may 
change the performance of the optical elements [15]. 	

3.2.4.2   Cost and Ease of Implementation 	

The main difficulty with implementing a laser triangulation system is creating 
an optical system which can be very consistent over time. To do this, an enclosure 
will have to be made to hold the components in place. However, the operating 
principle of laser triangulation requires less advanced technology to implement 
than the other laser distance sensing methods considered. The only components 
that are truly needed for a basic laser triangulation system are a laser diode and a 
camera connected to a microcontroller on which the image processing may be 
performed. Compared to a time of flight laser rangefinder which requires 
electronics with sub-nanosecond response times or a phase shift laser rangefinder 
which requires modulation of the laser diode, the system is far simpler to 
implement. 	

In addition, the cost of a laser triangulation system is lower than the other 
laser distance sensing methods. The most important component for a laser 
triangulation system is the camera used as the receiver. If the camera has a 
resolution and framerate that are high enough to fulfill our specifications, the rest 
of the components for the triangulation system, including the laser itself, may be 
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bought cheaply. Overall, a basic laser triangulation system would most likely cost 
less than $100 to make.  	

 	

3.2.5    Final Choice of Distance Sensor 	
After considering each of the distance sensing methods discussed above, 

we created Table 3 below to compare the pros and cons of each method and make 
our final decision. We compared the distance sensing methods on their optimal 
range, accuracy, response time, component requirements, ease of implementation, 
and cost. Our final choice is highlighted in blue within Table 3. 	

 	

  Ultrasonic 
Sensor  

Laser Time of 
Flight Sensor  

Phase Shift 
Laser 
Rangefinder  

Laser 
Triangulation  

Optimal 
Range  

Up to 10 m  10 to 5000 m  Dependent on 
modulation 
frequency  

Dependent on 
optical setup  

Accuracy  < 1 cm 
accuracy  

Dependent on 
speed of 
electronics; 
likely no better 
than 15 cm  

Dependent on 
modulation 
frequency  

Dependent on 
camera 
resolution  

Max 
Response 
Time  

20 ms  20 ns  20 ns  1 second 
divided by 
camera FPS  

Required 
Components  

Ultrasonic 
transducer, 
microcontroller  

Laser, high 
speed 
photodiode, 
microcontroller  

Laser, 
modulator, 
microcontroller  

Laser, 
camera, micro-
controller  

Ease of 
Implement-
ation  

Simple  Difficult; requires 
precise 
components  

Difficult; 
requires high 
performance 
components  

Medium; 
requires image 
processing  

Cost  < $50  Possibly >$200  > $1000  < $100  
Table 3: Comparison of distance sensing methods  	

Looking at Table 3, we can quickly eliminate the phase shift laser 
rangefinder as an option. The optical modulator required is simply too expensive 
for our cost constraints, as it would take more than our entire budget just to buy 
that one component. We can also eliminate the ultrasonic sensor as it lacks 
significant optical design for our project. However, if the Smart GPA were to be 
made into an actual product, the ultrasonic sensor would likely be the method 
chosen for its distance sensor. 	
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The final two distance sensing methods considered were the time of 
flight laser rangefinder and the laser triangulation sensor. Both methods have their 
difficulties in implementation. The difficulties for laser triangulation come from 
image processing and maintaining consistent alignment of our components, while 
the difficulties for the time of flight laser rangefinder come from creating 
short laser pulses and finding and implementing receiver photodiodes which 
can function at the high speed required. In the end, the laser triangulation method 
was chosen for our distance sensor, as its difficulties are less dependent on buying 
components and problems with the implementation would cost us significantly less 
to fix than for the time of flight laser rangefinder. 	

 	

3.3    Microcontroller  	
When designing a system such as the Smart GPA which has numerous 

inputs and outputs as well as processing that needs to be done on the inputs, a 
microcontroller is necessary for the design. Microcontrollers are small computers 
built on a single integrated circuit chip that can be used for automatically 
controlled devices such as the Smart GPA. 	

 	

3.3.1    Microcontroller Selection 	
In this section, our options for the appropriate MCU will be clarified as well 

as our reasoning for the final selection. We investigated 3 different 
Microcontrollers, the Arduino, the MSP430, and the Raspberry Pi. 
We investigated which microcontroller would be best to power the Lights used for 
the visual display as well as the camera. 	

3.3.1.1    Microcontroller Overview 	

Selecting the right microcontroller is a critical consideration for the 
functionality of the project. A microcontroller is a general-purpose computer on an 
integrated circuit chip. The microcontroller will serve the purpose of sending 
the power signal for the lights to turn on as well as powering a display for the user 
to interact with, powering and working with camera input, powering and working 
with photodiode input. It will be a component that interacts with most subsystems, 
receiving input and giving some output, analogous to a server with many clients. 
Therefore, it was important to choose carefully. Our considerations for a 
microcontroller were narrowed to 3 options. 	

3.3.1.2    Arduino Board 	

Our first consideration was HiLetgo UNO R3 ATmega328P CH340 
Development Board Compatible Arduino because it is a general-
purpose microcontroller and one of our members already owned one. Given our 
familiarity with the C language and C being the language of the primary Integrated 
Development Environment (IDE) of the Arduino board, it was a notable 
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choice. The 14 GPIO pins could be configured to give a specific output voltage, 
which is needed to control the lights’ color and brightness configurations. Given 
the components used such as the ATmega328P processor, a clock speed of 16 
MHz, and 32 KB of flash memory, these attributes were too low to handle real time 
image processing. As well, it did not have native external camera 
support [16]. Figure 9 below shows the design of the Arduino board.  	

 	

Figure 9: HiLetgo UNO R3 ATmega328P CH340 Development Board Compatible Arduino 	

Awaiting copyright permission from HiLetgo [16] 	

3.3.1.3    MSP430FG4618 Board 	

Our second consideration was the MSP430FG4618 board. This board 
features onboard LCD display, serial communication in the UART standard, user 
input in the form of buttons and microphone and an IDE with the C language 
support. We had used this board in several projects and were already familiar with 
its use, allowing for quick adaptation towards the goals in this project. However, its 
drawbacks were the lack of external camera support, and a prohibitive cost, with 
retail value of $117.The LCD display was also too small and character display is 
time consuming, as each character needs a specific programming 
configuration [17]. Figure 10 below shows the block diagram of this 
microcontroller.   

 	

Figure 10: MSP430FG4618 block diagram 	

Reprinted with permission from Texas Instruments [17] 	
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3.3.2    Raspberry Pi 	
Our final consideration and selected choice for this project was the 

Raspberry pi 3 Model B. The raspberry pi is more than a microcontroller, but a 
computer in the sense that one might give to a laptop or desktop computer. 
It features a 4-core 1.2 GHz CPU, 1 GB RAM, USB communication between 
devices, 40 GPIO pins, and has native compatibility with external cameras and 
LCD displays.  Table 4 below is a table of attributes of the different 
microcontrollers that helped confirm our decision. Our final decision is highlighted 
in blue.  

Feature  Arduino UNO R3 
Clone  

MSP430FG4618  Raspberry Pi Model 3 
B  

Operating Voltage  5V  1.8-3.6V  5V  
Max Clock 
Frequency  

16 MHz  8 Mhz  4-core @ 1.2 GHz  

Memory  2 KB SRAM  8KB RAM  1 GB RAM  
 Communication 
Protocols  

UART  UART, SPI  USB, WiFi, BlueTooth  

GPIO Pin Count  14  80  40  
Average Power 
Consumption  

~.5 W  880 uW  2.5 W  

Max Power Output  .25 W  <1 mW  .25 W  
Supported 
Devices  

None  None  PiCamera, PiDisplay  

User Input—      On 
Board (OB) 
External (EX)  

Buttons (OB)  Buttons (OB)  Touch Display, other 
accessories (EX)  

Primary 
Programming 
Environment  

Arduino IDE in C 
Language  

Code Composer 
Studio in C 
Language  

Python IDLE  

Price  
  

$10  $117  $~60 + accessories  

Table 4: Comparison of microcontroller options 	

3.3.2.1    Raspbian Operating System 	

The raspberry pi has its own unique operating system specifically tailored 
for its user base; it is a flavor of Linux based on the Debian OS called Raspbian. 
For our project the Raspbian is important because it features many important 
packages and commands that are unavailable in other operating systems, many 
of which are often built in commands for the linux terminal. For example, “raspistill” 
and “raspivid” are built-in terminal commands that the user can deploy to enable 
image and video capturing respectively when a recognized camera is connected 
via its port. These commands are especially important during testing of our product, 
as we will require immediate access to an image capture or video stream. Some 
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other commands used in the terminal are “nano” and “sudo” which allow us to edit 
and run any programs needed for testing and running our equipment. 	

3.3.2.2    Raspberry Pi Communication 	

Communication ports/protocols were a very important consideration. Many 
commercially available MCU’s do not support the Universal Serial Bus protocol 
(USB) for communication between hardware devices. The Raspberry Pi has 4 USB 
ports and supports the BlueTooth wireless communication protocol which are 
important for connectivity for an external mouse and keyboard, allowing code 
development and testing to be done within the pi environment and not rely on an 
external computer. 	

3.3.2.3    Raspberry Pi Camera  	

The creators of the Raspberry Pi developed a camera suited for the 
raspberry pi board called PiCamera. The PiCamera is a low-power device that 
supports video streaming and image capture, that can be powered directly by the 
Raspberry Pi microcontroller. The PiCamera can be powered simultaneously with 
the PiDisplay, and still have sufficient current for GPIO output. For our project we 
will be deploying a video stream and using real time image processing on the 
frames of the video captured through the camera lens. The Pi Camera has native 
support for many picture file formats including .JPG and .PNG, as well as popular 
video formats including .mov [18]. 	

3.3.2.4    Raspberry Pi Programming Language Choice – Python  	

The Raspbian Operating System has several integrated development 
environments and tools to choose from that will support many languages. However, 
Python is the clear winner for this project because it has native support to program 
the GPIO pins and control the camera and display. The Python Programming 
Language is a high level, object-oriented scripting language invented in 1991 to 
decrease programming time by including many requested data structures. The 
python language includes support for many of the programming tools, libraries, 
and frameworks for different components of the project we will be using, such 
as Ttinker, QT, PiCamera, among others. These libraries and frameworks are 
essential for creating a quick and responsive GUI that the user will interact with 
when they are either attempting to park their vehicle, or wanting to change the 
configurations of the device at a later time. Python has the advantage of special 
“relaxed” (non-strict) syntax not found in other languages including the omission of 
the semicolon to end statements, a lack of open brackets for functions and 
statements and high level libraries, many of which are wrappers for other strictly-
typed languages such as C++, which are not ideal for rapid development. 	

3.3.2.5    Image Processing Framework Choice – OpenCV 	

Image processing will be useful for our project in a variety of ways. A more 
detailed explanation of the role of image processing will be given in section 5.1. 
The choice of framework for computer vision is important and should fulfill certain 
requirements. First, the framework should have a python binding so that we are 
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not having to invoke an API between languages and add unnecessary instructions 
to the CPU. Second, the framework should support techniques such as dilation. 
Third, the framework should have native support for the “numpy” library which 
allows for faster processing of images than working with them as regular python 
arrays. OpenCV fulfills all these requirements and is a popular choice for computer 
vision with the Raspberry Pi. In many cases, because of its popularity, many 
common computer vision algorithms that might be useful for our project such as 
dilation are available at a function call. 	

3.3.2.6    Raspberry Pi GPIO  	

The Raspberry Pi has 40 GPIO pins on board. These are electrically 
conductive metal points that can be used to send an electrical signal to the pi, or 
to an external device from the pi, depending whether the pin is configured 
to INPUT or OUTPUT from the programming environment that is accessing 
them.   For our project, we will use primarily output settings for each of the GPIO 
pins. We will not need most or any of the special pins and will generally only require 
the regular output pins. We will use the microcontroller GPIO capability to send a 
signal for ON or OFF to each or any combination of the programmable LED lights. 
To do this we will need to know the current and output voltages that will be 
necessary for this desired effect. The current output of the device can be 
programmatically set from a low of 2 mA to the highest value [19]. Table 5 below 
and Table 6 on the next page show the maximum and minimum voltages that can 
mean 0 and 1 as well as the highest output current. 	

 	

Table 5: Output high current for GPIO pin 	

Source: Raspberry Pi Official Documentation [19] 	
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Table 6: Output voltages for GPIO pin 	

Source: Raspberry Pi Official Documentation [19] 	

Not every pin on the Raspberry Pi is considered equal. There are reserved 
pins that are differentiated from the others by their function. A few pins are used 
for communication protocols like I2C, Serial, and SPI. In addition, other pins 
support pulse width modulation (PWM) for changing power needs. We verified 
which GPIO has specific functions by opening the Raspberry Pi terminal and typing 
out the command “pinout”. With the command “pinout”, it allowed us to see which 
GPIO pin was what and its functionality as ground, voltage, and etc. 	

Table 7 featured on the next page shows the different GPIO pins on our 
Raspberry Pi. Seeing the different GPIO pins allowed our team members to know 
which one to use for testing different things such as the laser diode used for this 
project. 	
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Table 7: Different GPIO pins with their functions. 	

		

3.3.3    Display 	
In this section we will cover the choices for display that we were considering 

for the Raspberry Pi, breaking down our reasons, the pros and cons of each option 
and our final selection. 	

3.3.3.1    Need for a Display 	

The display is a central component of our project. As shown in the use-case 
block diagram in the earlier chapters, the display will serve as the primary way a 
user can configure the system and adapt it to his or her personal needs through a 
Graphical User Interface (GUI). The exact implementation and configuration 
settings will be outlined in the Project Design section of the documentation (Section 
5.1+). The display should have some form of input capability that the user can 
access to interact with the GUI program. Possible options include touch screen, 
external mouse, keyboard, buttons. The display should receive input from the user 
and access the module being isolated by the input and perform the appropriate 
task.  	
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3.3.3.2    Portable USB 7” Touchscreen display 	

Our first option was a 7” touchscreen display. It had just about every feature 
we were looking for which might be beneficial for the end product, including touch 
display. The 7” size is a standard among raspberry pi displays, and the “plug and 
play” feature was attractive as there would be no need to use GPIO pins for 
the power. Also, a 1024x600 resolution could sharpen the image quality. However 
However, the price $80 was too much just for the sake of convenience. Also, being 
a 3rd party product, we started to look to see if there was an official display by the 
Raspberry Pi company. 	

3.3.3.3    Raspberry Pi 3 Screen 10.1’’ IPS – SunFounder 	

This display was a 10.1” IPS with the sharpest image quality for small 
screens compatible with the Raspberry Pi. With a resolution of 1280x800, this 
would provide the best looking GUIs (the main purpose of the display) for the end 
user. However, the lack of touch display meant that we would have to use another 
source of input like an external mouse and added to a staggering $115 for this 
display, we opted for another option. 	

3.3.3.4    Raspberry Pi 7” Touchscreen Display 	

The last option and our final selection Raspberry Pi has many available 
displays that are either 3rd party-licensed or created by the company itself. For our 
project we will be using the official Raspberry Pi PiDisplay 7” with touch screen 
capability. We chose this display because for our project because it was the middle 
ground in image quality for the price point of $64, while still having all the features 
we were looking for, like touch display capability. Also, this is the official display for 
the Raspberry Pi company.  	

 	

3.4     Lights 	
In this section, we will detail the light requirements needed for the device 

and the different types of lights we had to compare in order to select the best type 
of light for this device. 	

We need lights in order to display and help the user park their car with lights 
like green, yellow, and red. Once the driver pulls their car in the garage, the light 
display should light up green and then change to yellow once the car is getting 
close to a stop point and change to red to alert the driver to put the car to a 
complete stop. We also need to have lights that can be powered with around 5 
Volts and lights that are able to be bright enough for the driver to see them and 
use them for their aid. 	

 We came across picking between three different choices of lights, Fiber 
Optic, LED addressable, and LED non-addressable. From looking at each of their 
key features, we came to a decision as to which one was and is best for our device 
to be as efficient and working as possible. 	
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3.4.1    Fiber Optic Lighting 	
One of the light options that we investigated was using fiber optic lighting. 

Optical fiber could have been used for transmitting light to a different location, 
and can be used for communication. The fibers not only transmit light but also 
glows on itself, making it look like a tube with neon light [20]. Some typical 
applications that use fiber optics are for displays, which is why we came into 
researching it, pools, ceilings, etc.  	

Fiber Optics are used for lighting because it is safe to use, the fiber is 
nonconductive and is very durable and easy to maintain. We were looking into fiber 
optics because it can be used in unsafe conditions, like for example if it rains it 
won’t get damaged as much as other light sources. With discussion, we chose not 
to go with fiber optic lighting because of its cost, its more expensive than other light 
sources we could go with, and for our purpose, it wasn’t the most efficient light 
source for what we were intending of using it for. 	

There were different types of ways to transmit the light through the fibers. 
There was the SideGlow fiber cable that is a side cable that emits light through the 
sides of the fiber and is covered in PVC coating. 	

Another way to transmit light in the fibers was through the ends 
called EndGlow. With EndGlow, it is an end emitting cable that is covered in a 
white jacket for insulation.The other way fibers can transmit light was 
through EndPoint. Through EndPoint, the fiber is raw and sold individually so you 
can choose the amount you want. It emits light from the ends of the fibers as well 
as the light can be seen through the sides as well. 	

Through the options we saw, we realized the most effective type of light 
emitting through the fibers was EndGlow where we can connect LEDs to the ends 
for more brightness for the visual display. 	

We looked into the idea of connecting LEDs to the ends of the 
fibers that  allow the light to be stored to come out through the fiber ends where 
the LEDs would be connected. This idea of connecting the LEDs to the ends of the 
fibers is used to transfer the light into photodiodes in environments that need 
protection from weather or anything that can destroy the visual light display. 	

To connect the LEDs to the ends of the fibers we would first need to prepare 
the ends of the fibers by having them be cut in a way for them to be flat, smoothed, 
and polished. To prepare them in the way best fit, we would have to cut the ends 
by using a blade to cut straight through the fiber. 	

 In order to connect the fibers to the LEDs however require heat shrink 
tubing. Looking into the method of heat shrink tubing for the connection, it is done 
by putting a tube over the LED and warming it with a heat gun until the LED is tight 
and in place. When that step is done, you connect the end of the fiber to the other 
open side of the tubing and heat that as well until it is also tight and in place. 	
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3.4.2    Non- Addressable LED Lighting  	
Considered the cheaper of the LED lighting, non-addressable LEDs all work 

together, meaning they will all always behave the same at the same time  and will 
always have the same brightness. Non-addressable LED’s are useful for projects 
that don’t need to adjust specific lights, where you need don’t need individual 
control of the lights [21]. Figure 11 below is an image of a strip of non-addressable 
LEDs. LED strip lighting consists of individual LED emitters on flexible circuit, 
which is an advantage when placing the lights as there is no rigidity to the design 
layout of the strip light. 	

	 	

Figure 11: Non-addressable LEDs on strip 	

 	

3.4.3    Addressable LED Lighting 	
In addressable LED lighting, each individual LED in the series can 

be individually powered and controlled [21]. In order to use each of the LED lights, 
we would need to use some type of controller to operate, for example, an Arduino, 
Raspberry Pi,etc. For our design of our garage parking aid, we would like to 
individually control the lights we use to change colors (red, green and yellow) to 
help the user be cautious of their parking limits.  Figure 12 below is an image of 
addressable LEDs on a strip.	

After looking into Addressable LED Lighting, we noticed that there were 
different models that were different in certain aspects. Below we describe the 
differences between the models we researched.  

	 	

Figure 12: Addressable LEDs on strip  	

Awaiting copyright permission from Worldsemi [22] 	
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3.4.3.1    WS2801 Addressable LED 	

This type of addressable LED lighting comes with 4 wire connections, the 
ground, power, data, and the clock. The light strip containing a certain amount of 
LED lights can be connected to any microcontroller (Arduino, MSP430 
series, Rasperry Pi, etc) by connecting it to the SPI (Serial Peripheral 
Interface).This version compared to the others described below, also allows us the 
option of playing music, but for our design of the project, we do not need that add-
on [23]. 	

This model of addressable LED strip has 14 pin configurations per each 
LED chip integrated in the strip, making it more tedious for connection. Below, in 
Figure 13, is what the pin configuration looks like for this addressable LED model. 	

	

Figure 13: Pin configuration for WS2801 addressable LED 	

Awaiting copyright permission from Worldsemi [23] 	

3.4.3.2    WS2811 Addressable LED 	

This type of addressable LED lighting is the older version of the 
WS2812(described below). It comes with 3 wire connections compared to 4 from 
the WS2801. The 3 wire connections are for the power (which is normally around 
5 Volts, the ground, and the data to connect the code from any microcontroller). 
This model of LED also has a separate SOIC8 LED driver chip [24]. Compared to 
the other models, the LED WS2811 has 8 PIN configuration, compared to only 4 
from the WS2812B. 	

Figure 14 below is a diagram for the WS2811 Addressable LED, and 
Table 8 on the next page is a table describing each PIN’s functions. 	

	

Figure 14: Pin configuration for WS2811 Addressable LED 	

Awaiting copyright permission from Worldsemi [24] 	
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NO. Symbol Description 
1 OUTR Output of Red PWM control 
2 OUTG Output of Green PWM control 
3 OUTB Output of Blue PWM control 
4 GND Ground 
5 VDD Power Supply Voltage 
6 SET Set work mode of ID as low speed or high speed 
7 DIN Data signal input 
8 DO Data signal output 

Table 8: Description of each WS2811 pin’s functions 	

Awaiting copyirght permission from Worldsemi [24] 	

3.4.3.3    WS2812B Addressable LED  	

This type of addressable LED lighting is the newer version of the WS2811. 
Just like the previously mentioned addressable LED model, it also has 3 different 
wire connections. Also called Neopixel, this model has 3 wire connections are the 
ground, power, and data. Compared to the addressable LED WS2811, this model 
has an all-in-one 5050 RGB LED. Each pixel from the 3 primary colors (Red, 
Green, and Blue) can achieve a brightness display of 256, the color of the lights 
are also higly consistent, as well as cost effective [22]. 	

This model of LED strip has the LEDs with low driving voltage, has 
environmental protection and saves energy. It also has high brightness, as well as 
good consistency, low power, long life and other advantages. The control chip that 
is used in the model is also a much simpler circuit that the models previously 
discussed, has small volume and is easy to use. Figure 15 below illustrates the 
dimensions of each individual chip on the LED strip as well as its configuration. 
This model only has 4 PIN configurations per each LED chip in the strip. 	

 	

Figure 15: Mechanical dimensions and PIN configuration for WS2812B LED 	

Awaiting copyright permission from Worldsemi [22] 	
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3.4.3.4 Final Choice of Lighting 	

After considering all of our options, we decided to go with the Addressable 
LED strip verson WS281B because it better suited our needs. We chose the 
Addressable LED lighting because it gives us the option to individually program 
the LED lights to change from Green to Yellow and to Red to help the user park 
their car. 	

The Addressable LED lights have 3 wires for connectivity, one connects to 
ground, the other to power the LED strips and the last one is for data input from 
the Micro Controller we decide to use to program the variations of each individual 
LED light.  	

We came to the decision of using the addressable LED strip model 
WS2812B from comparing key requirements we wanted the lights to 
meet. Table 9 below is a table showing the attributes of the different types of 
lighting that helped us come to our decision, with our final choice highlighted in 
blue. 	

 	

 Type  Cost  Input Power 
needed  

Controller  

Fiber Optic 
Lighting  

>$80  12 Volts  N/A  

Non 
Addressable LED 
lights  

>$30  12 Volts  Cannot be 
controlled with 
MCU  

Addressable LED 
WS2801  

>$20  3.3 - 5.5 Volts   14 PIN 
configurations  

Addressable LED 
WS2811  

>$20  12 Volts  8 PIN 
configurations  

Addressable LED 
WS2812B  

>$20  5 Volts  4 PIN 
configurations  

Table 9: Comparison of different types of lighting for Smart GPA 	

 	

3.5    Car Light Detection 	
As described in section 2.6.1, one of the main stretch goals of our design is 

a feature where the Smart GPA can detect whether a car’s lights are left on while 
parked. This feature would be highly useful and help set the Smart GPA apart from 
similar products on the market. In order to implement this feature, we first need to 
find a method for seeing somehow whether the car’s lights are on. There 
are several methods that could be chosen for this task. 	
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3.5.1    Image Processing 	
Image processing is one of the first methods for detecting whether a car’s 

lights are on that we considered. We are already using a camera for our laser 
triangulation system that we decided on for our distance sensor, so it would be 
convenient to integrate the light detection feature into the components we already 
need. In order to detect whether the car’s lights are on, we would need to 
implement image processing that would first locate a car’s lights on the camera’s 
image. Then, we would need to look at the color of the lights to see whether the 
lights are on and off. An additional step that could be done to make this easier 
would be to reduce the camera’s exposure time by a large amount. If this was done, 
the car lights would likely be far brighter than anything else in the image if they 
were left on, especially if the car lights were in a location where they are pointed 
at a camera. The main advantage of image processing would be that it is able to 
detect if the car’s lights are on at a long range, if the car does not pull in all the way 
when parking. For other potential methods discussed later, this would be very 
difficult. 	

3.5.1.1    Issues with Image Processing 	

The method of image processing seems to be good at first but has a number 
of problems when considered more closely. Car lights are shaped, sized, and 
positioned slightly differently on almost every car. In order to work for different 
types of cars, our image processing would either have to detect car lights in a more 
lenient fashion, which would open us up to additional false positives, or it would 
have to be programmed to detect the car lights for specific models or types of cars. 
If the latter method were done, it would greatly increase the amount of work that 
we would need to do the more types of cars we would want to be able to detect 
the lights for. We could use a machine learning method by feeding our program 
many images of cars with their lights on and off, but the results would be quite 
unpredictable. 	

An additional problem with the method of image processing is that the car 
lights would need to show up in the camera’s image. There is no guarantee that 
this would be true, especially since parked cars will likely be about 1 foot away 
from our camera. At 1 foot from a car, the camera will at most see one of the car’s 
headlights, and if the camera is lined up near the center of the car, it will likely see 
none of the car’s lights. This would make seeing whether the car’s lights are on or 
off completely impossible. While we can move the camera to a position where it is 
likely to see a car’s lights most of the time, the user will not park their car in the 
same location every time so there would always be some situations where the car 
lights are unfortunately outside of the camera’s field of view. Additionally, if a 
camera position that is in front of a car’s lights is not viable for our laser 
triangulation distance sensing method, then we would need to buy a second 
camera for the car light detection alone. This would add a significant extra cost. 	

 	

 



42	
	

3.5.2    Photodiodes 	
Photodiodes are an optoelectronic device which generates an electrical 

current when it absorbs photons from incoming light. The more light strikes a 
photodiode, the more electrical current it generates. Photodiodes are a PN 
semiconductor junction diode which operate under an applied reverse bias. The 
reverse bias creates a large depletion region, which has a surface area that is 
exposed to incoming light. When a photon with enough energy strikes the 
photodiode, an electron is excited to the conduction band of the semiconductor 
junction, which generates an electron-hole pair. Due to the large electric field in 
the depletion region, the electron is quickly carried to the cathode of the photodiode, 
and the hole to the anode, generating an electrical current known as a photocurrent. 
The photocurrent generated by incoming light is almost linearly related to the 
illuminance of the light, and is largely unaffected by the magnitude of reverse bias 
applied to the photodiode, as shown in Figure 16 below [25]. 	

		

Figure 16: Relationship of photocurrent with reverse bias and illuminance 	

Reprinted with permission from Electronics Hub [25] 	

3.5.2.1    Application of Photodiodes  	

In order to detect if a car’s lights are on or off, photodiodes are a fairly 
simple solution. Photodiodes create a current directly proportional to the amount 
of light hitting them, so placing them in front of a car with its lights on should 
generate significantly more current than if the car’s lights were off. To maximize 
this effect, photodiodes would be placed level with the car’s lights and as close to 
directly in front of them as possible. Car lights are generally highly directional, so 
there is a possibility of the user parking far to the side so that most of the light does 
not hit the photodiode. However, this potential problem is shared with the image 
processing method for detection. Another potential problem is the range of the 
photodiode method. The light from the car lights will spread over distance between 
it and the photodiode, decreasing the amount of photons that will hit the 
photodiode’s active area and thus decreasing the photocurrent. 	
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The most worrying problem for using photodiodes for light detection is 
differentiating the car lights being on from a higher background level of light. The 
level of background light within a garage can change dramatically for different 
situations due to factors like sunlight coming through a window or the garage’s 
overhead lights being on or off. If we use a static level of current for which any 
current above it signifies car lights being on, then we could get false positives 
purely due to background light. If we increase this threshold current to account for 
potential high levels of background light, we would not detect a car’s lights being 
on even if they are on if the background light level is low.  	

3.5.2.2    Dual Photodiode System 	

To avoid issues with background lighting impacting our photodiode 
operation, we could implement a dual photodiode system. In this system, one 
photodiode is placed directly in front of where a car’s lights will usually be. There 
will also be a second photodiode which is exposed to a similar or possibly greater 
amount of background light, but is not placed in front of a car’s lights. Here, the 
directionality of car lights helps us, since this second photodiode can be placed in 
many locations and not be illuminated by the car’s lights.  	

In this system, both photodiodes used will be identical and reverse biased 
by the same amount, and their generated current will be compared. The 
photodiode placed away from the car lights will have a photocurrent purely 
generated by background lighting, while the photodiode placed in front of the car’s 
lights will have a photocurrent from the background light and potentially an 
additional photocurrent from the illuminance of the car’s lights if they are on. If this 
photodiode is found to have a significantly higher photocurrent than the photodiode 
placed away from the car lights, then the car’s lights are most likely on. This dual 
photodiode system would work for any level of background lighting, since we are 
only looking at the difference between the photocurrents of two photodiodes that 
are subject to similar levels of background lighting. 	

 	

3.5.3    Decision of Light Detection Method 	
Both of the light detection methods above, the image processing method 

and the photodiode method were considered. At first, the image processing 
method seemed to be the clearly the best option, but after thinking of the dual 
photodiode system the two methods needed to be compared. Table 10 on the next 
page compares these two methods on a number of factors to help make the final 
decision on which one we would use, with the final choice being highlighted in 
blue. 	
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  Image Processing Method  Dual Photodiode System  
Components  Camera, microcontroller  Photodiodes, microcontroller  
Range  Wherever car lights are 

visible on camera  
Likely not more than a few feet 
due to light spreading  

Ease of 
Implement-ation  

High programming 
requirement, needs to 
recognize many different 
cars  

Must create circuits for each 
photodiode, and find current 
difference that signifies the lights 
are on  

Power  Camera can be USB 
powered, taking a slot on 
microcontroller  

Requires reverse bias voltage, but 
does not require current, so no 
power needed  

Cost  Potentially >$35  Less than $5  
Table 10: Comparison of the two light detection methods considered 	

Using the information presented in Table 10, we can decide on the light 
detection system that the Smart GPA should use. Both the image processing 
method and the dual photodiode system require a microcontroller and one other 
component, so they are similar there. For the range, the image processing method 
has the advantage at longer ranges, where the illuminance from the car lights 
would be much smaller at our photodiodes. However, most people will park pretty 
close to the Smart GPA, so longer range is not very important. The dual 
photodiode system is much easier to implement, as the amount of programming 
and testing required for proper image processing is a much greater amount of work 
than creating circuits for the photodiodes. The photodiodes also don’t consume 
power while the camera used for image processing does, and the bias voltage 
required for the photodiodes can be supplied by placing them in parallel with other 
components of the Smart GPA. The last consideration, cost, goes strongly in the 
favor of the dual photodiode system. Photodiodes are cheap, and can be 
purchased in sets for less than $5. Overall, considering the low cost and easier 
implementation of the dual photodiode system, we found that it was the superior 
option compared to image processing. Therefore, the light sensor of choice for the 
Smart GPA is the dual photodiode system. 	

 	

3.6    Power Supply & Distribution  	
This chapter we will detail the power requirements needed by the 

device by breaking down each of the power requirements for each feature. This 
will allow us to make an educated guess on what our main power supply will be 
and how to distribute the accurate power to each piece of the device. Power 
distribution is very important as it ensures that our power is regulated throughout 
the device for ease of operation and overall safety. Many of the components 
included in the device vary greatly in power requirements and as well require very 
precise power requirements. The components considered above are based on 
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cost and east of implementation, but in this section, will be compared by their 
power requirements and how this affects their performance individually and as 
a device. 	

 	

3.6.1   Power Requirements and Estimated Loads 	
In this section, we will detail the power requirements 

and the estimated loads of the different components (lights, MCUs, sensors, etc.) 
of the device to accurately select the correct main power supply and to design the 
distribution system needed to properly operate the device. Our power supply 
should exceed our power requirements by 25% at maximum power consumption. 
Without the proper power input for all components at maximum consumption, our 
whole device may not work properly and may even be a safety 
hazard. Therefore, a significant amount of time and consideration is put into the 
design of the power distribution for each component. 	

3.6.1.1    MCU  	

From section 3.3.1, this is a further investigation of the microcontroller 
selections and how their power requirements influence the overall functionality 
and design of the device. On the next page is Table 11 that shows the power 
requirements that influenced our final selection of the raspberry pi.  	

MCUs normally are powered via USB, with the operating voltage for USB 
being 5V or 3.3 V. The operating current for the Raspberry Pi Model B ranges from 
0.7 – 1.0 A. This minimum operating current will only allow the raspberry to work 
properly with no peripherals needing power attached to it. If the power 
requirements for peripherals attached to the raspberry pi exceed 1 A, then the 
added component will need to operate on power from an external source. It is 
expected with all the added components to our MCU that an external power source 
will be needed to power components along with MCU.  For reference, Table 5 in 
Section 3.3.2.6 shows the current values needed by the GPIO pins to operate from 
a raspberry pi MCU. Once we figure out which GPIO pins the components will be 
attached to, we can accurately measure the output power of the MCU.  	

The Arduino MCU (Hiletgo UNO R3) and the Texas Instruments MCU 
(TIMSP430FG4618) offered opposite ranges of power requirements that either 
exceeded or fell too short for our device. The Arduino Board had a large voltage 
range that could probably supply power to many pins [2]6. This MCU was 
ultimately not selected because of other factors besides power 
requirements. Ultimately though, this board may provide same or better results 
and have enough power not to hinder the device.  	

Whereas with the Texas Instruments board, which is a low power MCU, is 
not designed to run constantly on max power. The operating voltage and output 
power are lower than the other MCUs which can greatly hinder the performance of 
the device [17]. Therefore, this MCU is not recommended to be used. Especially if 
added features are integrated into the design.  	
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Some components gathered for this project will be components that are 
designed and configured by the same manufacturer and only allow the option to 
be powered by MCU. These include the raspberry 
pi PiCamera and PiDisplay designed specifically for their MCUs. These 
components will have priority when consuming power from MCU. Any other 
components that do not need to be powered by MCU will be powered by external 
power source. These include for example the LED lights, which are estimated to 
consume the most power. For components that will be powered by the MCU, the 
GPIO pin current draws will be integral in verifying the plausibility of the component 
and MCU power capability. Table 11 below declares the currents of GPIO pins in 
Raspberry Pi 3 Model B.  	

Microcontrollers  Recommended 
Input Voltage  

Comments found on Pin current   

Raspberry Pi 3 
Model B   

5.1 V  • Pin current combined cannot exceed 1 
A  
• Each pin available current is 50 mA  

Hiletgo UNO R3 
stmega328p  

7-12 V  • Pin available current is 50 mA  

MSP430FG4618  1.8 V – 3.6 V   • Pin current combined cannot exceed 
12 mA.  
• Individual Pin current in µA range.   

Table 11: Power requirements for MCU options 	

3.6.1.2    Camera  	

A camera is essential in the project to be used as a measurement sensor 
to measure the distance between the vehicle and Smart G.P.A. device.  The 
camera to be used in this design is the PiCamera which is exclusively made 
for raspberry pi MCUs. This low power camera requires a minimum operating 
current of 0.25 A when running and is plugged into the MCU. The MCU acts as the 
controller and power source for the camera. Earlier it was mentioned that the 
maximum output current of the raspberry pi 3 Model B MCU is 1 A. The camera 
will then consume about 25% of the MCU power. The camera also included an 
embedded 1.5 V regulator for core power to ensure that the camera does not burn 
out of over voltage.  [26] 	

The power consumption of the camera is influenced in the resolution of the 
photos and videos being captured. For instance, capturing a photo in 1080p 
will consume more power than capturing a photo in 720p. Therefore, reducing 
resolution would decrease the power consumption of the camera module, and 
increase the MCU current availability to power other components. The 
tradeoff though is that with the higher resolution of photos, the more accurate our 
captures can be. Therefore, between capturing photos in lower resolution 
to reduce power, or capturing photos in higher resolution, higher resolution would 
be better overall to ensure accurate photo captures and calculating distance 
approximations. In the design process, the highest amount of power consumption 
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will be used in the calculation for power supply and distribution to ensure worst 
case scenario and reduce risks of failures.  	

3.6.1.3    Display 	

As with the camera module, the display module will be just as power 
consuming. And just as most technologies, the larger the dimensions of the 
display, the higher amount of power it will consume. Cost and ease of 
Implementation were the deciding factors for selecting the appropriate display for 
this device. The power distribution will have to conform to these deciding factors. In 
Table 12 below, the power requirements for the selections of the displays from 
section 3.3.3 are compared.  	

Displays  Recommended 
Input Voltage  

Comments  

Portable USB 7’’ 
Touchscreen display  

5.1 V  • Powered by USB on MCU  
• Power adapter built in  
• No output current  

Raspberry Pi 7’’ Touch 
Screen Display  

5 V  • Powered by USB on MCU  
• Power adapter built in.   
• No output current  

Raspberry Pi 3   
Screen 10.1’’ IPS  

12 V  • Input current is 1 A.  
• Kit includes wall power adapter 
cord.  
• Output power is 5 V and 2 A.  

Table 12: Power requirements for display options 	

3.6.1.4    Lights 	

The lights used to alert driver are estimated to consume the most amount 
of power of all the components of the Smart G.P.A device. The power related 
details for the lights considered above in Section 3.4 are listed below.  In this case, 
our main power battery supply would have to supply at minimum the operating 
voltage and current consumption of our lights. Therefore, the increasing amount of 
power consumption necessary to power the lights would complicate the 
design more. The power consumption of the lights was a deciding factor in the 
selection as well as their quality and cost which are discussed as well in Section 
3.4.  	

The equally as powered component to the lights, would likely be the 
MCU. MCU selections’ operating voltage ranges are like that of the selections of 
the lights as seen in Table 13 on the next page. To make the design less 
complicated, choosing our lights with equal operating voltage of the MCU would 
allow ease in the distribution of power. This was a deciding factor in the selection 
of lights and MCU. The decision on the final selection is discussed in section 
3.4.3.  	
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Light Component  Operating 
Voltage  

Comments  

Fiber Optic Lighting  12 V  • Power consumption depends 
on intensity of light versus the length. 
Testing needed to verify.  

Non addressable LED 
lights  

12 V  • Estimated power 
consumption: 3 W/ft  

Addressable LED 
WS2801  

3.3 V – 5.5 V  • Estimated power 
consumption: 8 W/m  

Addressable LED  
WS2811  

12 V  • Estimated power 
consumption: 5.5 W/m  

Addressable LED 
WS2812B  

5 V  • Estimated power 
consumption: 9 W/m  

Table 13: Power requirements for lighting options 	

3.6.1.5    Laser Diodes 	

Laser Diodes are very low power consuming components in this device. 
Referring to the wiring of a laser diode, the diodes only receive input. Therefore, 
our task is to power these diodes on and off with only one input wire. Most compact 
laser diodes have an operating voltage of 5 V and below, but the current they can 
draw is in the mA range. The risk of too much current being drawn into the laser 
diode is burning the diode. Therefore, the current must be controlled before 
reaching the laser diode. A circuit limiting the current is necessary in the design of 
this device to create optimal performance and decrease degradation of the lasers. 
A form of a disconnect switch is also necessary to be able to turn off the lasers 
independently from the rest of the device. This allows the user to turn off the lasers 
at will without complication.  	

3.6.1.6    Photodiodes 	

Photodiodes are an interesting device to power. They do not require an 
input current to function; all they need is a reverse bias. This means that 
photodiodes do not consume power, in fact they generate it since the photodiode 
creates a current from the light that hits it. The photodiode, like the laser diode, will 
have its own circuit where it is in series with a resistor. However, unlike the laser 
diode, the resistor is not meant to limit the current through the photodiode, but 
rather to measure it. By putting a resistor connected to ground and in series with 
a photodiode, the voltage at the non-grounded end of the resistor can be measured 
to easily measure how much current the photodiode generates, using Ohm’s law.  	

 	

3.6.2    Main Power Supply 	
In this section, different options to supply power to the device will be 

discussed with consideration to supply power to all components collectively. The 
power supply should follow the goal of minimizing dimensions of overall size of 
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device. Therefore, the smallest power supply that satisfies all power requirements 
for all the components of the device will be selected.  	

3.6.2.1    Wall Power Adapter 	

Wall power adapters are conventional for indoor, portable or stationary 
devices. In the case of a device that is to remain stationary in a garage using a 
receptacle is a reliable source of a power supply. A normal wall single 
receptacle connected to an undedicated circuit usually has a load of 180 VA and 
outputs 1.5 A without an adapter. The voltage is also typically at 120 V. A wall 
adapter is necessary to lower the voltage to the low voltage needed to power the 
SMART G.P.A. at a minimum of 5 V and to increase current consumption for 
device. Most devices plugged into wall adapter increase current consumption, 
while maintaining power consumption below 180 W, to power devices.  	

The advantage of using a power home receptacle to power device is 
that the power receptacle will most likely be able to power the device even at its 
maximum power requirements. Therefore, selecting to power device solely from 
home wall receptacle will assure us that powering the device will be possible from 
the range of minimum to maximum power requirements for all components.  	

The disadvantage of using a wall power supply that if the power were cut 
off unexpectedly, then there would be no power provided to the device. A wall 
adapter is a good option but limits the use of emergency lighting if the power were 
to turn off.  Limited distance of the wall adapter is also an a disadvantage  	

3.6.2.2    Battery 	

The advantage of powering a low voltage device is the option of powering 
the whole device with a battery. Most common batteries include the AA, AAA, and 
D batteries. Table 14 below details the output power and power capacity of the 
varying commercial batteries [27]. These batteries are easily replaceable and if 
can power all our components collectively, they can be viable choices for our 
device. The size of these batteries is also considered because the goal of the 
device is to reduce dimensions as much as we can in the design, though, the size 
is not as much as a deciding factor as the rest of our components.  	

Battery Name  Voltage  Capacity  Size  
AAA  1.5 V  1 Ah  < Size of AA  
AA  1.5 V  2.4 Ah  < Size of D  
D  1.5 V  4 Ah    

Table 14: Output power of common battery types 	

In consideration of all components considered, the estimated minimum 
power operating voltage to power the device needed will be 5 V and the estimated 
maximum operating voltage will be 12 V. The battery voltage for all commercial 
bought individual batteries is 1.5 V. Connecting these batteries in series would 
allow us to meet voltage requirements ideally at 5 V, but not as ideally for 12 V 
because of the area of space that it would take. Therefore, if the operating voltage 
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requirements exceeds 5 V, these commercial batteries will not be a viable option 
to power device because of significant increase in the device size.  	

In consideration of all components considered, the estimated maximum 
power consumption is 45 W and the estimated minimum power consumption is 20 
W. Considering the AAA, AA, and D batteries as a main power supply of all 
components, placing four batteries in series would allow us the meet the minimum 
operating voltage of 5 V. Eq. 4 below is used to calculate the amount of time that 
the batteries can supply before exhausting its charge.  	

 	

𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒	𝑡𝑖𝑚𝑒 = 	
𝐴𝑚𝑝𝑒𝑟𝑒	𝑥	ℎ𝑜𝑢𝑟	𝑥	𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔	𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝑃𝑜𝑤𝑒𝑟	𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
																			 4  

 	

The material of the battery is important to consider in our selection because 
the better quality the battery is, the higher reliability of the device. As our power 
source, the battery must provide long lasting uninterrupted DC power to all 
components collectively for a decent period. In Table 15 below, the varying 
materials of common batteries is compared to properly select the battery material 
that would provide sustained power to the device and comply with the 
specifications of being commercially available, low cost, and environmentally 
appropriate [27]. 	

Battery Name  Rechargeable  Charge  

Capacity  

Comments  

Lithium  No    Long lasting  

Alkaline  No    Prevents leakage current  

Nickel 
Metal Hydride  

Yes  2 – 2.5 Ah  Larger in size than Li and Alkaline  

Charge cycles range from 100 – 
500 times  

Table 15: Properties of chargeable and rechargeable batteries 	

The risk of using batteries of lower quality and borderline capacity is burning 
out the battery and the risk of dealing with defects in the battery. Therefore, the 
selection of the material of the battery is important for optimal performance. The 
cost of higher quality battery is not significant enough to risk the performance of 
the device and the safety of the designers and users.  	

Moreover, the decision also lies with considering batteries that are 
rechargeable and disposal. Performance is one factor to consider, as well as ease 
of the user to power device without adding responsibilities to power device. If the 
device was supplied with disposal battery, then the device should last a decent of 
time before having to physically replace the batteries. The burden of having to 
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replace the batteries is placed upon the user. An advantage of disposal batteries 
is the power supply is easily replaceable. So, if batteries were obtained and used 
to power device, and they are noticed to be defect, it is easy to replace and at low 
cost.  	

With a rechargeable battery, the cost is increased but the user does not 
have the burden of replacing battery, which reduces user responsibility. The 
disadvantage of a rechargeable battery is that once the quality of the battery 
degrades too much that it hinders the performance of the device, the responsibility 
is put upon the designers and manufacturers to replace the battery. On the other 
hand, some rechargeable batteries can be easily replaced, and this is good to note 
as reference. Some batteries also can only be recharged if discharged fully. This 
constraint does not comply with our specification on constant power supply of the 
Smart G.P.A device.   	

 	

3.7    Enclosure 	
In this section, we will discuss the choices of material for the enclosure of 

the Smart GPA as well as our options in where and how to manufacture it. We will 
also discuss the styling and size of the enclosure and how it will meet the NEMA 
(National Electrical Manufacturer Association) standards. 	

 	

3.7.1   Size 	
The size of the enclosure is something our members have discussed and 

compared to other parking aids to see what size is the best size for the user to use. 
For our Smart G.P.A, we wanted the enclosure to be sturdy and small, but big 
enough to allow the user to see the display of LED lights from a considerable 
distance, as well as be able to see the GUI display to edit and control the settings 
to the Smart G.P.A. 	

The length of the display of lights for our Smart G.P.A will be around 12 – 
15 inches in length, approximately 30- 40 cm, and around 6 inches in width, which 
is approximately around 12 cm. We want the width to be not too big to avoid getting 
rid of some space needed for the car to get parked in the garage but also big 
enough to store the components like the Raspberry Pi, and the LED lights for the 
display, and the PCB and battery. The width of the enclosure must not make the 
enclosure be too far out from the wall it is attached to because it could decrease 
the performance of the distance sensor. The height of the enclosure will also be 
around 6 inches in width, allowing for the Raspberry Pi and LED lights to have 
ample space. 	

The enclosure will have a rectangular shape in order to have more LED 
lights be displayed for the user compared to a square shape. The enclosure will 
have dimensions that approximate 12x6x6 inches. 	
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3.7.2    Style 	
For the enclosure, we want the style to be appealing to users as well as 

meet NEMA standards. The style would bring the size and material choice together 
to create the best enclosure for the components enclosed and for the appeal of the 
user. For the enclosure to be usable, the display of lights has to be able to be 
viewable for the user as well as be protected from any external environments. 	

For the visual display to be viewable and protected, it will have to have a 
clear, transparent cover. The transparent cover can be made of clear plastic, or as 
others call acrylic glass or Poly(methyl methacrylate) (PMMA), it can also be made 
of glass. We will make the decision based on price as well as appeal and protection 
for the lights and other components within the enclosure. 	

Visually we have not decided if we want the microcontroller to be viewed or 
not, if it appeals to the user to make the enclosure display appear more techy or 
simpler with just the lights. 	

The enclosure will be used to contain the Raspberry Pi, the LED display 
lights, the PCB, and battery to power. The design of our enclosure must be one 
that gives enough ventilation so that the PCB does not get damaged, as well as 
the battery because both components will give off a lot of heat. If the heat gets 
contained in the enclosure without being ventilated it will give us risk of damaging 
the components within the enclosure, like for example distortion and frying of 
components, or can burn the user or decrease the battery performance. In order 
to prevent heat from being contained, we need to create an enclosure that will give 
the components some ventilation like having the enclosure having slots as edges, 
or having holes on the sides of front of the enclosure so that heat can go through. 	

 	

3.7.3    Material choice 	
Our choices of material for the enclosure range from wood, 3d printer 

filament (ABS or PLA), plastic, and PVC. 	

Wood has the benefit of being sturdy and easy to work with. Machine shops 
that are accessible like the Innovation Lab to all group members have saws, drills, 
and other tools that are designed to easily shape and customize the wood to fit our 
design. Given that this is a project for home garages, wood has many advantages 
like being cheap. One possible pitfall to consider is that some garages may hold 
on to too much moisture, or if the wood ever becomes wet it could become a health 
hazard to the residents. 	

Three dimensional, or 3d, printed material has come a long way. The 
filament of a 3d printer is safe to handle, and has a wide variety of hardness, 
flexibility, degree of brittleness. Some filaments are what before was messy and 
unmanageable has become flexible or sturdy (depending on the material) and easy 
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to work with. A big advantage to consider for this project is that the innovation lab 
has a free to use 3d printer. Some materials may even be transparent, allowing 
users to see the internal system, which may be aesthetically pleasing. We would 
need to use SolidWorks which is a free CAD software to design the enclosure and 
then print it with the 3-d printer. 	

Plastic is another material to consider. High density polyethylene (HDPE) is 
a sturdy and solid material that is not transparent. It is not expensive and may be 
acquired cheaply or for free if we look in the right disposal areas. Lower density 
polyethylene (LDPE) is commonly seen in plastic bags at a grocery store and will 
be too flimsy to use as an enclosure. 	

PVC, short for polyvinyl chloride is cheap and can be found in hardware 
stores. It is a sturdy material, non-transparent. The pros and cons of the materials 
discussed above can be summarized in Table 16 below. 	

Material  Cost  Brittleness  Hardness  Flexibility  Access-
ibility  

Wood  Low  Low  High  Low  High  
3D 
printed 
filament  

Low  Low   Medium  Medium  High  

Plastic  
HDPE  
LDPE  

Low  Low(HDPE)Low(LDPE)  High(HDPE)  
Low(LDPE)  

Low(HDPE)  
High(LDPE)  

Medium  
  

PVC  Medium  Medium  Medium  Low  Low  
Table 16: Comparison of attributes of different materials 	
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4   Standards and Design Constraints  

When designing a product, there are numerous standards and constraints 
that must be considered. Both standards and constraints work to limit the choices 
available to the product developers. This chapter will cover the numerous 
hardware and software standards and constraints that apply to the Smart GPA, 
and how they will affect our final design. 	

 	

4.1    Constraints 	
Design constraints are conditions that limit decision choices and must be 

fulfilled to have a successful design. Constraints can involve economic, 
environmental, safety, feasibility, ethical, and time considerations. These must be 
considered when creating a project design if it is to be successful. Selections and 
further design decisions are first pass considered under these constraints, and 
then our further deciding factors.  	

 	

4.1.1    Economic Constraints 	
Some of the most significant constraints that our team face are economic 

constraints. As our team is entirely self-funded, we must strive to create the Smart 
GPA at as low of a cost as possible while maintaining good performance. Due to 
this, it is important for our group to research components and technologies 
thoroughly before purchasing them. If a group is sponsored or has more money to 
use, they might be able to purchase a large number of components and test them 
to see which would be the best for their design. For our team, that will not be an 
option. 	

While our team has no set budget, we are all poor college students and thus 
do not want to spend hundreds of dollars apiece on components for the Smart 
GPA. The current goal for the Smart GPA budget is to be below $400 when all is 
said and done. This budget influenced our choice of the distance sensing method, 
as the laser time of flight sensor and the laser phase shift rangefinder required 
more costly components than building a laser triangulation system. If all goes well 
with our current components and design, we should finish spending well below our 
current budget of $400. 	

 	

4.1.2    Environmental Constraints 	
Environmental constraints are an important part of any product that will be 

mass produced but are a secondary focus for the Smart GPA team. As we are only 
producing one Smart GPA unit, the environmental impact of the components used 
for the product will be minimal. In addition, environmentally friendly materials for 
components often cost more than their more standard counterparts. 	
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While using environmentally friendly materials for our product itself won’t be 
feasible, we can do our part by designing the Smart GPA to use as little power as 
possible. The Smart GPA will have to be powered through electricity inside a 
household, most of which will likely not come from renewable energy sources. 
However, by minimizing the power usage of the Smart GPA, we can minimize the 
negative effect on the environment from producing the electricity for it. 	

We must also consider that our device is intended to be used in a home 
environment that is outside the usual dwelling zone. Home garages typically are 
not provided vents for heater or air conditioning. Therefore, the device is intended 
for home use, but will adhere to near outdoor environments. This includes extreme 
temperatures and weather conditions. Our device is not intended to operate in 
extreme conditions but should also not pose extreme hazard to consumers in these 
conditions.  	

 	

4.1.3    Safety Constraints 	
Safety constraints are an important consideration for the Smart GPA. The 

safety of the users of the Smart GPA is the single most important factor in its design 
decisions. Despite this, the nature of the product forces us to use some potentially 
hazardous technologies, whose risk we must aim to minimize. The most important 
parts of our design for safety considerations are our enclosure for the Smart GPA’s 
components and our laser diode. 	

As electricity is used to power all of the components in the design, we must 
design an enclosure which will prevent the user from coming into contact with the 
components and possibly being electrocuted. In addition, the enclosure should be 
small enough so that it does not introduce an additional risk of users bumping into 
it as they pull into their garage. Other safety considerations for the enclosure 
include avoiding extremely sharp corners that may cause injuries when bumped 
into and ensuring that the enclosure attaches securely to a wall and will not detach 
and fall. 	

Lasers are an important component of our design, but are fundamentally 
dangerous by nature. The highly focused and directional power of lasers poses a 
risk for people and animals, particularly to the eyes. The danger posed by a laser 
is highly dependent on its maximum output power. Lasers below 1 mW output 
power are considered safe for all general use, while lasers above 5 mW pose a 
significant eye hazard for unintentional exposure [28]. To get maximum visibility 
for our laser dot, our design uses 5 mW max output power laser diodes. However, 
even lasers at or below 5 mW can cause eye damage for prolonged intentional 
exposure, so looking into the laser diodes during testing or product use should be 
carefully avoided. Laser power is so important for user safety that it will be a 
primary consideration of our testing to see if we can reduce power and still get 
accurate measurements. 	
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Importance is placed in providing safe form of disconnects between the 
components and their corresponding power source to provide a fool proof method 
of controlling each component. There will be also a main form of disconnect for 
whole device as well. But sometimes leakage current is a risk when current flows 
between many components. To reduce this risk providing separate physical 
switches is the safest method.  	

Safety constraints are also applicable to the design and manufacturing of 
the device. It is important to note we are a four-person team working on this project, 
therefore tasks that would require more than four people to safely do will not be 
feasible for us to accomplish. Whenever we plan to work where bodily harm risk is 
involved, another team member should be there to accompany the other team 
member. This way risk is reduced, and safety is enhanced. During the 
manufacturing process of some phases of our design will include electric 
machinery that pose risk. Most heavy machinery or advanced machinery will 
require us to have some experience to work with someone licensed or experienced 
to use machinery. Therefore, we are constrained of using some tools and 
machinery for our safety during the design process.  	

 	

4.1.4    Manufacturability Constraints 	
Manufacturability constraints are important to consider ahead of time during 

project design. An example of a manufacturability constraint is not being able to 
purchase the components that our team plans to use for a test or demonstration, 
due to the availability of the components disappearing for some time. To avoid this, 
all components should be bought as early as possible, immediately after they are 
researched. Optical components often go out of stock and may take a significant 
amount of time to ship for a small order. 	

If we are not able to get the most optimal components in time for a test or 
demonstration, we may have to create a prototype from materials that are more 
readily available. This could involve creating our own version of a component by 
combining more common components or using the 3D printer in UCF’s machine 
shop to create a temporary holder for a component setup.  	

We must also ensure that the components we select will all work together 
and all fit in one unified design. This will require a significant amount of research 
and planning of time, but if it is well managed the final synthesis of our product will 
be much easier. It is very possible, if we do not do our research, that our 
components may not fit well together, and we must buy new components well into 
the Spring 2020 semester. 	

Another risk would involve the manufacturing of our PCB. Our PCB will likely 
be low cost since our project goals aim to be low cost. Therefore, manufacturing a 
low-cost PCB increases the risk of defects for a project. Our PCB will likely be an 
integral part of our power distribution and without it working properly can 
deteriorate the quality and performance of our whole device. Finding defects on 
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our PCB board would force us to order another OCB board in hopes that it will 
make it on time and not have defects the second time.  	

Manufacturing the device has many constraints such as the device being 
indoors and that almost all the components are conducting materials. Therefore, 
the selection of the materials and construction of them are important. With the 
restriction of making the device as compact as we can, we must ensure not to 
allow wires that are not supposed to touch run current through each other. This 
would create a safety hazard and diminish the performance of the 
device. Providing the appropriate insulating material to allow expose wires is 
important to reduce risk.  	

Another risk is increased as we solder wires and ports together. The 
soldering a common method of securing connection, but when amateurly done can 
increase risks of contamination or damaging wire or connection without even 
noticing. Repeatedly testing after this process is complete is essential to noticing 
accidents. Practicing before doing risky and irreversible processes too will reduce 
accidental risk.  	

Another constraint is that the functionality of the device revolves around a 
vehicle driving towards the device. It is assumed that the driver will be 
deaccelerating while approaching the device. In the occasion that 
accidents happen and the driver collides with device, the device will be broken. 
This is something we can consider when designing the outside enclosure of the 
device. Designing an enclosure durable that if such impact happened, no 
further harm could be caused by our device. Potential harm can come from 
exposed wire, of uncontrolled functionality of device.  	

 	

4.1.5    Ethical Constraints 	
Our device’s goals aim to reduce everyday challenges that can be solved 

by using technology. Our intent is not to harm or to create a challenge for others 
with the presence of our device. We place importance on being able to give the 
user many options to safely turn off device if the user wishes to or needs to. 
Allowing freedom to the user is important overall since this is supposed to allow 
the user to find the Smart GPA device as useful as they can.  	

The Smart GPA team will perform research on existing patents of similar 
products and ensure that we are not violating any patent law. In addition, we will 
be sure to request permission for the use of any copyright or otherwise protected 
sources used in our designs or documentation. Once permission is received, we 
will be sure to give credit to the owners of protected material, as well as any 
sources of information that helped us in our design process or in writing our project 
documentation. 	
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4.1.6    Time Constraints 	
Time constraints must be carefully considered for the Smart GPA project. 

In addition to the final deadline for the product demonstration at the end of the 
Spring 2020 semester, there are several other deadlines that must be fulfilled 
throughout both the Fall and Spring semesters. To avoid falling behind, work 
should be done on the design and testing itself and the documentation side by side. 
If we focus too much on completing the documentation and avoid testing, we could 
run into problems with time going into the Spring 2020 semester. 	

To keep our project moving consistently, our group has lengthy meetings 
every week where we discuss the next course of action for the project, each 
meeting we have to coordinate when is the best time for all the group members to 
be present, which could be a bit difficult due to other class schedules. In addition 
to that, all team members communicate outside of meetings through text and 
coordinate testing times and dates with each other. If this pace is maintained for 
the rest of the time working on the project, our group should be able to produce a 
working product before the final deadline. Time considerations are the reason why 
many features of the Smart GPA are stretch goals; creating a working product first 
is the most important task at hand.  	

Our time limitations limit us from adding more features onto the Smart G.P.A 
device. The number of features that can be added to aid homeowners with their 
car or garage would upgrade our device. With our time constraint being next 
semester, then we choose the features that are plausible, and realistic for us to 
complete in due time. Our stretch goals in section 2.9, detail the added features 
conceptualized in the beginning of our concept phase of our project.  	

Another time constraint is the amount of time the device has to alert drivers 
when they are parking to close. A car would have to be approaching the device, 
and the sensor would have to measure the distance and program the lights to alert 
the driver.   	

 	

4.2    Standards 	
Product standards are rules that are designed to promote compatibility and 

consistency of products as well as ensure the safety of consumers. Standards can 
aid product development by providing a baseline for the design to build upon, but 
they may also limit the design choices that may be made. Standards can be made 
by companies, governments, and many other bodies, and they may be compulsory 
or non-compulsory. Whether a standard is compulsory or not, it should still be 
considered during the design process of a product. 	
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4.2.1    IEC Laser Standards and Classification 	
IEC has published in their 60825-1 standard many safety precautions, laser 

standards, and a system of laser classification that is generally used in the world 
of optics. The IEC 60825-1 standard puts lasers into four main classes, numbered 
1 through 4 in order of increasing hazard. 	

Class 1 lasers have an output power of less than 0.4 mW of visible light, 
and have no significant hazard for any body parts for their general use. The only 
possible source of danger in class 1 lasers is viewing them through strong focusing 
optics such as a telescope or microscope, which could lead to eye damage. 
Otherwise, class 1 lasers are completely safe, but their power is so low that they 
lack usefulness for many applications. 	

The output power of a class 2 laser may not exceed 1 mW of visible light. 
Like class 1 lasers, class 2 lasers are safe for all body parts for most exposures. 
However, class 2 lasers may potentially pose an eye hazard if the user views the 
beam directly for more than a quarter of a second. Due to human reflexes diverting 
the eye from laser beams, class 2 lasers are unlikely to ever cause eye damage 
unless the user intentionally stares into the laser while holding their eye open. 	

 Class 3 lasers are the first laser class to potentially be a serious hazard for 
consumers. Class 3 lasers are split into two subclasses, 3R for lasers with less 
than 5 mW output power and 3B for lasers with less than 500 mW output power. 
Class 3R lasers are potentially eye hazards but are unlikely to cause damage for 
accidental momentary exposure. On the other hand, class 3B lasers can not only 
cause eye damage for very brief exposures but can also burn skin or other 
materials with prolonged stationary exposure. 	

Class 4 lasers are the most powerful laser class, composed of lasers with 
more than 500 mW of output power in visible light. Even diffuse reflections of class 
4 lasers can cause eye damage, and direct exposure or a direct reflection will 
cause severe, permanent eye damage. In addition, class 4 lasers burn skin and 
many materials near instantly upon contact. Class 4 lasers should never be used 
for any consumer products due to the extreme hazard they present [28]. 	

For the purposes of the Smart GPA, we will likely have to use a class 3R 
laser to get a laser dot that will show up clearly on camera at a range of 10 feet or 
more. If it is possible to use a class 2 laser and still get accurate measurements, 
however, the increase in safety would be significant enough to warrant switching 
to a class 2 laser. This will be tested in the future, once we confirm the viability of 
our distance sensing method as a whole. For the time being, our laser diodes have 
a maximum output power of 5 mW and are class 3R lasers. 	

  

4.2.2    Florida Building Energy Code  
As this device is marketable towards home use, the FBEC standards are 

relevant for the ideal power source for device. The device will be battery operated, 
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but the battery will ideally be plugged into a receptacle outlet on an undedicated 
circuit at home. In this case, acknowledging the power requirements of an 
undedicated circuit receptacle is important for selecting proper power source of 
device. The 2017 Florida Building Code – Residential Sixth Edition Section E4002 
provides home receptable standards and is used as reference in the 
following discussion. 	

Section E3901.9 states not less than one receptacle outlet shall be installed 
for each motor vehicle space in a garage that is provided with electrical power. 
This reassures us that any homeowner in Florida with a garage provided with 
power will have a receptacle near their vehicle.  	

Section E4002.1 state that receptacles and cord connectors shall be rated 
at not less than 15 A, 125 V or 250 V. This is important to note in case an adapter 
is needed to convert the power from a receptacle 120 V to the device’s input power 
requirements. 	

		

4.2.3    Consumer Product Safety Commission  	
As this device is made marketable as a home use product, following the 

standards from Consumer Product Safety Commission are important to ensure we 
create a safe device to use at home for all users. As reference, the Regulations, 
Mandatory Standards and Bans provided by CPSC are used in the process of 
our design to allow our product to be safe and marketable.  	

Poison Prevention Packing Act Section 1700.14.A states that hazardous 
substances must meet packaging requirements that would protect children from 
illness or injury from handling, using, or ingesting the substance. To follow this 
safety standard, we must ensure all of our hazardous components are approved 
by CPSC as safe to use at home before including in our marketable prototype. One 
substance that potentially may be included in our design and is hazardous are 
batteries.  	

As a requirement from Consumer Product Safety Improvement 
Plan Section 102, it is a requirement from every manufacturer of 
consumer product to issue a certificate of conformity based on testing and that the 
product complies with standards.  	

 	

4.2.4    Code of Federal Regulations 	
The Code of Federal Regulations is the all the codes published in the 

Federal Register by agencies and governments departments under the federal 
governments. These standards and codes are important to comply because they 
are the national standards. 	

 In section 1120 of CFR, under Substantial Product Hazard List, products 
requiring general-use extension cords must have the characteristics of minimum 
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wire size, sufficient strain relief, proper polarity, proper continuity, and outlet 
covers for two-wire indoor extension cords [29].  This is applicable to us since our 
device may require use of extension cord to power device since it will be mounted 
in one location in home garages.  	

Under the Federal Hazardous Substances Act, it is required to label our 
device for consumers that the product (SMART G.P.A.) of the associativity to 
hazardous material. It also requires us to label how to store product, first aid 
instructions, and “keep out of reach of children” label where applicable. This is 
applicable to this device as the batteries will likely be made of hazardous products 
and will need to comply with this requirement for safe use to consumer. 	

In section 134 of CFR, under Customs and Border Protection Regulations, 
all imported products must meet the regulation of every foreign article be labeled 
legibly of its place of origin in its English name. This is applicable to our device 
as some of our products obtained will come be imported products that must adhere 
to these requirements, especially our PCB board which will be of our custom 
design but manufactured likely from abroad.   	

Under the Mercury-Containing and Rechargeable Battery Management 
Act, mercury containing batteries are being phased out. Also regulated batteries 
such as cadmium or lead electrode batteries are to be easily removable 
from product or sold separately. This is applicable to our device as our device will 
contain rechargeable batteries. To follow regulation, battery much be easily 
removable from device. Under the act as well batteries of alkaline manganese, 
zinc carbon, and mercuric oxide are prohibited. This will be noted during the 
selection process of our power supply battery.  	

 	

4.2.5    Occupational Safety and Health Administration  	
The Occupational Safety Health Administration, better known as OSHA, is 

an agency under the Department of Labor that is creates workplace standards for 
safety. This is relevant to us since we’ll be using various hazardous equipment in 
labs provided by the university and outside the university. These standards and 
regulation should be followed to ensure safety of all designers and participants in 
testing. OSHA standards were followed in the labs we participated in throughout 
our undergrad and with this knowledge and experience, will be used through our 
design and testing of our device throughout Senior Design 1 & 2. Standards, rules, 
and regulations relevant to our project will be listed below.  	

OSHA also provides a safety checklist before starting work with electrical 
equipment that our team should follow to decrease the risk of accidents [30]. This 
information is also useful to any user of our device.  	

• Visually inspect electrical equipment before use. Take any defective 
equipment out of service.  
• Ground all power supply systems, electrical circuits, and electrical 
equipment.   
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• Inspect electrical systems to ensure that the path to ground is continuous.   
• Ground all exposed metal parts of equipment.   
• Avoid standing in wet areas when using portable electrical equipment.   

Being aware of the potential consequences of exposure to electric currents is 
important for us to avoid accidents when design and testing of our device. In Table 
17 below using information provided by OSHA, we are reminded that it important 
to be safe when handling high currents. As our device consumes more than 20 A 
of current, exposure to this can be detrimental. It is important that we do not work 
alone when handling large power loads with exposed wire or current contamination 
to our bodies.  	

Current  Reaction  

Below 1 mA  Generally not perceptible  

1 mA  Faint Tingle  
5 mA  Slight shock felt, not painful but disturbing. Average 

individual can let go. Strong involuntary reactions can  
lead to other injuries  

6-25 mA (women)  Painful shock, loss of muscular control  
9-30 mA (men)  The freezing current or “let-go” range. Individual cannot 

let go but can thrown away from the current if extensor 
muscles are stimulated.  

50-130 mA  
  

Extreme pain, respiratory arrest, server muscular 
contractions  

1 - 4.3 A  Rhythmic pumping action of the heart ceases. Muscular 
contraction and nerve damage occur, death likely.  

10 A  Cardiac arrest, severe burns; dealth probable  
Table 17: Effects of electric current in human body  	

Source: OSHA Standards [30] 	

 	

4.2.6    Programming Standards 	
The goal of programming in any language, or in our case Python, is to 

always have consistency, allow the code to be portable, have the code be 
understandable to anyone who views the code, and to reduce as much errors as 
possible when writing the code. 	

4.2.6.1    Commenting 	

One of the most important aspects and standards to follow whenever you 
code anything is commenting. Commenting allows the user to make their code 
understandable for viewers. 	
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Each block of code should always be commented well so that the viewer 
can understand how the code works and how it behaves. Coding will be handled 
by the computer engineers in the group, but our other group members will also be 
able to understand what our specific code is doing based on the comments made. 	

4.2.6.2    Naming Conventions 	

Another standard that is very important throughout all different types of 
programming languages is the way the code will have their variables named. To 
understand what the code is doing and how it behaves, the variables should be 
consistent enough for anyone to understand what the variable signifies and what 
it is testing. 	

4.2.6.3    Syntax 	

In python programming, which will be used with the Raspberry Pi, syntax is 
very important. Indenting is something programmers always use in Python. If not 
careful, it can lead to syntax errors and make the code give out the wrong result. 
The recommendation is to use 4 spaces for indentation. Indenting allows the 
viewer to follow along easily as well as make the code be well structured and 
accurately portray what the code is intending. 	

Functions used should also be small, at most 40 lines. Variable names 
should follow camel case. Sections of code should always be separated by spaces 
in between each section so it is comprehensible. 	

 	

4.2.7    Conventional Soldering Standards 	
Conventional soldering iron safety standards are established in this section for 

the safety of designers with or without prior soldering experience, to use during 
soldering design tasks.  	

• Never touch the element, or tip, of the soldering iron.  
• Always have tweezer, pliers, or clamps on hand to touch elements that are 
still heated from soldering.   
• Return soldering iron to its stand when not in use. Never lay it on 
workbench.   
• Turn off or unplug the soldering iron when not in use.   

These established rules will reduce risk in causing any harmful accidents to 
any of the team members if practiced and incorporated during soldering 
procedures.  	

 

4.2.8    NEMA Enclosure Standards 	
NEMA (National Electrical Manufacturer Association) enclosure standards 

are used to make sure an enclosure can protect against external environmental 
factors. There are different types of NEMA enclosures that meet the standards 
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listed below. Once the NEMA enclosures are completely and properly installed, 
they will meet all the standards. Table 18 below shows the different classifications 
of NEMA enclosures that are possible. 	

• “Finger Tight” Enclosure, suitable for clean, dry environments, 
provides protection from hand contact on the enclosed equipment. 	
• Provide protection against falling dirt and water. 	
• Can withstand and have protection from wind, dust, rain, and sleet. 	
• Undamaged by ice which can form on the enclosure. 	
• Protection against corrosion, splashing water, and hose directed 
water. 	
• Able to be submerged in water. 	
• Protection against oil, and non-corrosive coolant. 	

 	

NEMA 
Rating  

Rating Specifications  

Type 1  • Indoor use  
• Provide degree of protection to personnel against 
hazardous parts  
• Provide degree of protection of the equipment inside the 
enclosure against ingress of solid foreign objects (falling dirt)  

Type 2  • Same rating specifications as Type 1  
• Provide degree of protection with respect to harmful effects 
on the equipment due to the ingress of water  

Type 3  • Same rating specifications as Type 2  
• Provide a degree of protection against damage by the 
external formation of ice on the enclosure  

Type 3R  • Same rating specifications as Type 3  
• Indoor and Outdoor Use  

Type 3S  • Same rating specifications as Type 3R  
• External mechanisms remain operable when ice laden  

Type 3X  • Same rating specifications as Type 3R  
• Provides a degree of protection to against corrosion  

Table 18: NEMA rating specifications 	
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5   Project Design 	
The Project Design section will cover the implementation of the Smart 

Garage Parking Aid. In chapter 3, we established the choice of microcontroller, the 
laser triangulation distance sensing system, the settings display, the power 
specifications and more. Each section of this chapter will focus on a different 
feature, as roughly shown in the project block diagram in the project description 
section. This section will clarify how the various technologies communicate and 
interact with each other and how each subsystem functions independently. 	

 	

5.1    Laser Triangulation Distance Sensor 	
This section will cover the component choices for the laser triangulation 

distance sensor as well as the layout of the system and the image processing 
methods used on the microcontroller for the distance measurement. 	

 	

5.1.1    Component Choices 	
As discussed in section 3.2.4.2, the camera is the component for which the 

quality is most important for a laser triangulation system. After consulting Dr. 
Hagan about the triangulation system, we decided to use the Raspberry Pi Camera 
Module V2 as our camera. This camera choice is very convenient for the Smart 
GPA since our microcontroller of choice is the Raspberry Pi 3 Model B which the 
Raspberry Pi Camera Module V2 is designed to work with. Using the Raspberry Pi 
Camera Module V2, we can easily extract single frames or record video in a variety 
of file formats such as .jpg, .png, .h264, or .mov. The Raspberry Pi Camera Module 
V2 is advertised to support 60 fps recording at a 1280x720 resolution, which is a 
high enough framerate to fulfill our measurement rate specification of 20 Hz even 
accounting for the extra time spent in image processing. 	

The laser diode chosen was the HiLetgo red dot laser diode, which has a 
working voltage of 5V, a central wavelength of 650 nm, and a maximum output 
power of 5 mW. This was chosen due to its red color which has good visibility 
against the majority of cars and 5 mW output power at a low price, roughly $10 for 
10 laser diodes. Due to our safety constraints a laser diode which has more than 
5 mW of output power is not desired, so the power of these diodes is perfect for 
our purposes. 	

 	

5.1.2    Laser Triangulation System Layout Design 	
The exact layout for the laser triangulation system is a vital component of 

our measurement quality. As such, this section will cover a preliminary 
system design with the full expectation that the position and orientation of 
components may change before reaching the final version of the Smart GPA. 	
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5.1.2.1    Initial System Layout Calculations 	

In order for the distance measurement to function at all, the laser light must 
always be reflected from the car pulling towards the Smart GPA at a location which 
is within the field of view of our camera. The Raspberry Pi Camera Module V2 has 
a listed horizontal FOV of 62.2 degrees. Using trigonometric calculations shown in 
Figure 17 below, we can find the lateral distance W that the laser dot must be 
away from the camera to be seen for a given longitudinal distance L between 
the Smart GPA and the incoming car. 	

	 	

Figure 17: Calculation of object locations that will be seen from camera FOV 	

The relationship calculated in Figure 17 is vital for designing our system 
layout. Using the equation, we can calculate that the laser dot will be visible if it is 
at most a lateral distance of 0.603 feet, or about 7.2 inches, from our camera at 
our closest operating distance of 1 foot. At our maximum operating distance of 10 
feet, the laser dot must be a lateral distance of at most 6.03 feet from our camera. 
To maximize the accuracy of our measurement, it is best to use as much of the 
horizontal FOV of our camera as possible. Therefore, we will create a triangulation 
system layout where the dot is far to the right for our closest operating range, and 
far to the left for our farthest operating range. To give us some room for error and 
still see the dot, the lateral distance for these key ranges will be set to 80% of the 
maximum that would be visible, so 0.482 feet to the right for the minimum range of 
1 foot and 4.82 feet to the left for the maximum range of 10 feet. Figure 18 on the 
next page illustrates the trigonometric calculations for the laser position and angle 
needed to create this system. 	
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Figure 18: Optimal position and orientation of laser diode relative to camera 	

Figure 18 shows that to maximize the accuracy of our measurement for our 
operating range, the laser diode should be placed 1.07 feet to the right of our 
camera, and oriented 30.5 degrees to the left relative to our camera. If testing 
shows that the accuracy is more than adequate for this angle, smaller angles could 
be tested to possibly perform measurements at a longer maximum range. 	

5.1.2.2    Potential Complications with System Layout 	

One potential complication with this setup is that most cars have a total 
width of 6 to 6.5 feet. This means that the laser dot would likely be to the side of 
the car rather than on it if the camera and laser system is centered with respect to 
the car. The camera and laser don’t need to be centered for the system to work, 
and if the camera is placed about 5 feet from the leftmost edge of the car, then the 
problem should be avoided. However, if a centered system is desirable for easier 
setup, then a lower laser diode angle would have to be used. 	

Another potential reason to use a lower laser diode angle than the one 
calculated above would be the reflection of the laser light off of the car. For a shiny, 
somewhat reflective surface like a car, much of the reflected laser light will go away 
from the camera module. By decreasing the laser diode angle, more of the light is 
likely to be reflected back in the direction of the camera module. To learn whether 
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or not this increase in reflected light is necessary, testing must be done with our 
distance sensor system on real cars. 	

5.1.2.3    Calculating the Distance from Image 	

For our laser triangulation distance sensor system, the main input that our 
distance calculation receives is the horizontal position of the laser dot in the image. 
Finding the laser dot quickly and efficiently is the main programming difficulty of 
the design, but once that position is found, we must convert it to the distance, which 
turns out to be a rather involved calculation. First, we must convert the pixel we 
read to the angular displacement of the laser dot from the center axis of the image. 
The trigonometric calculations leading to this conversion are listed in Figure 19 
below, with W being the number of pixels in the horizontal axis of the image, x 
being the horizontal position of the laser dot, and φ represents the angular 
displacement of pixel x from the image axis.  

	

Figure 19: Derivation of formula between pixel position and angular position 	

The relationship calculated in Figure 19 above can be used to convert the 
pixel measurement to the angular position of the laser dot. Each angular position 
of the laser dot is uniquely tied to one distance of the object from the camera. 
However, we also need to calculate this relationship between the distance of the 
object from the camera, z, and the angular position of the laser dot. This 
relationship is specifically dependent on the position and angle of the laser diode 
relative to the camera, so it will change if we use a different system layout than the 
one described in Figure 18. Figure 20 on the next page shows the calculation of 
the distance of the object using the angular position of the laser dot φ as well as 
the distance d and angle Θ between the laser diode and camera, specified in the 
system layout in Figure 18. 	
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Figure 20: Distance calculation with system layout and angular position of dot 	

By combining the equations in Figure 19 and Figure 20, we can create a 
general equation for our laser triangulation system that holds true for any system 
layout and camera HFOV or image resolution. This general equation is marked as 
Eq. 3. Note that the entire denominator of Eq. 3 is unitless, so the unit of z will be 
equal to the unit of the value of d substituted into the equation. Note also that for 
a given system layout and image format, that d, W, HFOV, and Θ are all constants. 
This means that the only variable for Eq. 3 is x, the horizontal position of the laser 
dot on the image taken by the camera. 	

𝑧 = 	
𝑑

tan 𝜙 + tan Θ
															𝜙 = tanQ.
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												𝑧 = 	
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5.1.2.4    Holding Camera and Laser Diode Together 	

In order for the distance calculation using Eq. 3 to be accurate, the angle 
and distance between the laser diode and the Raspberry Pi camera must be very 
consistent. Particularly at longer distances, if the angle is even slightly off, the 
measurement can be thrown off completely as the denominator in Eq. 3 
approaches 0 at the wrong time. For this reason, some mechanism to hold the 
camera and laser in precise positions is necessary. This mechanism will be 
constructed before the overall enclosure for the Smart GPA, since it is necessary 
for testing the distance sensing performance and capabilities of the laser 
triangulation method. 	
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However, we also want to introduce an aspect of flexibility to this holder. It 
is possible that the original plan for the system layout does not work out for some 
reason, and we would want to change the distance or angle. While creating a 
holder to change both of these attributes is possible, changing the angle has a 
larger effect on Eq. 3 and is the more important one to make flexible. 	

After getting consultation about the design from UCF’s Richard Zotti, we 
decided to make a holder which places the laser diode and camera 6 inches apart, 
with an adjustable cylindrical rod to place the laser diode in that could orient at 
different angles. To set the angle still for measurement, a set screw would be used. 
A set screw would also be used to hold the laser diode in place. The Raspberry 
Pi camera actually contains screw holes which would be used to screw it in place 
to the holder. The material for the holder was considered between wood or plastic, 
but we decided on using acrylic. Acrylic is a type of plastic which is easy to form 
and make a solid, simple holder out of. 	

 	

5.1.3    Camera-Microcontroller Subsystem 	
In this subsection, we will cover the how the camera, microcontroller and 

work together to process images once the laser triangulation system is setup. We 
will also cover techniques such as image processing through computer vision that 
can be used to increase the accuracy of our reading. 	

5.1.3.1    Basic Overview 	

Once laser points appear at the appropriate location, it is the job of the 
camera and microcontroller to capture images and process them. In the scenario 
where this system would function, the user’s vehicle is attempting to park and 
moving closer to the device. The camera will capture images that contain the laser 
dots and the images will be available for processing in the Raspberry Pi 
environment. Figure 21 below shows a block diagram of the subsystem. 	

 	

Figure 21: Microcontroller-camera subsystem 	



71	
	

5.1.3.2    Setting Up the Raspberry Pi Camera 	

After connecting the hardware and configuring the operating system to 
detect the camera, the camera can be invoked through two basic ways: at 
the linux terminal through invoking the commands “raspistill” or “raspivid” for image 
capture or video stream respectively; or through a python file importing 
the picamera module. The difference between the two is that the python file 
method allows for other code to interact with the images/video and the terminal 
commands are for quick testing.  	

5.1.3.3    Getting Images from the Camera 	

To work with images in a python file, we import the PiCamera library. 
Several functions exist in the library to start and stop video capture, also capture 
images. In our project we will be using the video capture at the highest possible 
frames per second (fps) setting we can for the most accurate results. In addition, 
for our project a second library called “picamera.array” is useful for extracting pixel 
information such as RGB values for each pixel at the mouse position. This is useful 
for testing purposes. 	

5.1.3.4    Raspberry Pi Camera Module V2 Initial Test 	

After testing our laser diodes, the next component tested was the Raspberry 
Pi Camera Module V2. To perform this test, we went into the Senior Design Lab 
and hooked up our Raspberry Pi 3 Model B to one of the monitors in the lab, then 
attached the camera to the Raspberry Pi. We tested the basic functionality built 
into the PiCamera package, taking videos in .h264 file type and images in .jpg file 
type. The main goal of our test was to see the resolution and framerate that we 
could get using the Raspberry Pi Camera Module V2.  	

In order to test the frame rate of the camera module at different resolutions, 
we created a basic test program to count the time taken to capture 40 images 
in .jpg format at a given resolution. We tested images at a 1280x720 resolution 
first, for a framerate of roughly 40 frames per second, performing no operations on 
the images taken. As that framerate was potentially worrying for fulfilling our 
measurement rate specification of 20 Hz measurement, we tested the framerate 
at a lower resolution of 640x480 as well. At this resolution, our camera was able 
to capture images at about 80 frames per second, which would make fulfilling the 
measurement rate specification easier to achieve. 	

During this test, we also installed OpenCV as a tool to help us with image 
processing. We were able to feed images and video from the camera into OpenCV, 
but we found that the images were being taken in read only mode and could not 
be modified. Due to this, the test ended here, with work needing to be done 
integrating OpenCV before further testing could be done. In order to decide which 
resolution to record in with our camera, we need to do another test where we 
perform our image processing and distance calculations with our camera and test 
the accuracy and measurement rate at different resolutions. 	
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5.1.4    Image Processing Methods 	
In this subsection we will cover the image processing techniques that might 

be useful for our project. To a computer, an image is nothing more than a matrix 
(or array) of color values of a supported color space such as HSV or RGB. Many 
computer vision algorithms rely on a technique called filtering which is moving a 
much smaller matrix of equal length and width such as 3x3 or 5x5 through an 
image and performing some calculation on that matrix, then replacing the center 
pixel with the result of the calculation.  	

5.1.4.1    Dilation 	

Dilation is a computer vision technique that dilates or expands a region of 
an image specified by the programmer through kernel size. Often, the easiest 
method is to dilate a region based on color differences between regions. A 
homogeneous region will have the best results. For our project, it might be useful 
to use dilation on the laser dot on the camera so there are less false positives; in 
other words, noise pixels (due to lighting, reflections, or other reasons) that could 
be recognized as a laser dot. Figure 22 below shows an example of dilation of the 
color white. 	

	 	

Figure 22: Dilation example 	

5.1.4.2    Noise Reduction Through Filtering 	

Median filtering and gaussian blur filtering are two techniques that can 
reduce noise in an image. It is important to filter out pixels that will have the same 
or close RGB values to the laser dots on the image. Median filtering works by 
moving a small matrix of equal length and width such as 3x3 or 5x5 through an 
image and replacing the center pixel with the median value of the pixels. Similarly, 
gaussian blur filtering works with the kernel technique but replacing the center pixel 
with the value of the gaussian function at that kernel location based on a 
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coordinate space local to the kernel. Note that both techniques work primarily on 
grayscale images (images that only have a single color value as opposed to 3). So 
first the images must be converted to grayscale, which will slow down frames 
shown per second. Figure 23 below shows an example of median filtering. 	

	 	

	 	

Figure 23: Median filtering example 	

5.1.4.3    Edge Detection 	

Edge detection might be suitable for the algorithm described in section 
5.1.4.3. Edge detection is made possible by sobel filters using opencv’s built 
in sobel function. Simple edge detection works by taking the mathematical 
gradient of the image, or approximating it with a kernel operation. A kernel size of 
equal length and width is chosen, such as 2x2 or 3x3, and then filtering is 
performed. Common filters used to find the gradient of an image are sobel filters. 
OpenCV also has a built-in function that uses the Canny Edge Dectector as its 
algorithm. This function is an improvement over sobel filtering and results in more 
defined edges. For our project, we may use the Canny Edge Detector if it proves 
useful.  	

5.1.4.4    Hough Circle Transform 	

The Hough Circle Transform finds circles in an image. It has a few 
preprocessing steps that must be considered to perform accurately. The image 
should first be blurred with a gaussian filter and then an edge detector has to be 
applied. This adds additional instructions and will slow down frame rate. However, 
whether it will be more accurate than the pixel isolation algorithm described in 
section 5.1.6 must be tested experimentally. We believe applying Hough Circle 
Transform could be a suitable substitute or supplement to the pixel isolation 
algorithm to get the desired accuracy of distance measurement. Figure 24 on the 
next page shows an example of the Hough Circle Transform. 	
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Figure 24: Hough circle transform example, post-processed with a bounding circles (purple) 	

 	

5.1.5    Runtime Image Processing 	
In this section we will discuss how we will apply these techniques as the 

device is operating (at runtime). 	

5.1.5.1    Installing OpenCV 	

As discussed in section 3.3, OpenCV is the choice of computer vision 
framework we decided on. Installing OpenCV is either a simple task or a very 
complex one. Thankfully, after much research we discovered that OpenCV is 
available as a package through the popular package installer “Pip”. This means 
that library can be retrieved from the package directory of Pip via a single terminal 
command. We also configured a virtual environment for the entire openCV system. 
A virtual environment is a private operating-system within the host operating 
system that has a different file system than the host’s. Our virtual environment was 
configured to have python3 alongside OpenCV exclusively, meaning that the 
library and coding environment we rely on for this project will only be available 
inside this virtual environment. To access this virtual environment, we use a 
terminal command. Once it is setup and ready to go, we can create source code 
for the project. 	

5.1.5.2    Running Image Processing 	

For OpenCV to work with images, it must first be read from the file system 
as a python array or a numpy array. During testing we were using the images as 
a piRGBarray, which is a specific data type that works with the picamera array 
library. This conflicts with openCV’s ability to read and manipulate the data inside 
the image. In the case where we manage to successfully import the image to a 
format acceptable with openCV we can run dilation, or median/gaussian blur 
filtering as the images are being read. To achieve this, we only need to process 
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each frame of the video stream individually, perform a calculation on them, and 
use that image instead of the original. 	

 	

5.1.6    Pixel Isolation Algorithm	

This section will describe the main goal of the camera in measuring 
distance. Our goal with the camera is to isolate pixels of the part of an image that 
pertain to a laser beam, in real time with the greatest accuracy and camera frame 
rate achievable. These pixels and their location on the image reveal a lot of useful 
information that will be used in distance measurement. 	

5.1.6.1    Initial Algorithm 	

  	The algorithm initial design is as follows. With a native picamera function called 
capture continuous we can start the camera in video mode and work with each 
frame individually. With each frame we can loop through the pixels one by one by 
treating the frame as a 2 dimensional matrix or array in python. Because we must 
loop through all the rows and columns of the array, this is can be done through a 
double for loop with variables that keep track of the current row and column as we 
progress through the loop. Each pixel at location (row,column) will have an RGB 
value, which in python is represented as an array of 3 positive integer values 
between 0 and 255. Keeping in mind the color of the laser (a homogeneous 
monochrome value), we can compare the value of the current pixel to a single 
integer value that corresponds to the laser’s R, G, or B value. While different color 
lasers that have a mix of values are possible, for simplicity we narrowed down the 
options to a red, green or blue laser. If the value in the RGB array of the current 
pixel that matches the laser’s R,G or B value it uses meets a threshold, then we 
can positively say it is part of the laser beam. This value gets put into an array that 
contains a tuple of the row and column of each pixel that met this criteria. Figure 
25 below shows an illustration of the initial algorithm for pixel isolation.  	

	

	

Figure 25: Initial pixel isolation algorithm 	
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In the next sections we will explore the current algorithm. How we arrived 
here will be explored in Section 6.2. through trial and error of what works and what 
doesn’t when trying to optimize it for the highest frame processing throughput.   	

5.1.6.2    Current Algorithm 	

The current algorithm takes advantage of certain optimizations that have 
not only made it possible to perform pixel isolation for every frame but have 
continually improved run time. The goal of the algorithm is still the same: to isolate 
the pixels in each frame that match the laser beam. First for the algorithm to work, 
we ensure that the camera has a low shutter speed (found to be beneficial during 
testing). This limits the amount of light entering and prevents the laser beam from 
deviating from its original color.  In the current algorithm, with a native picamera 
function called capture_continuous, we can start the camera in video mode and 
work with each frame individually. This can be done in a for loop. For each frame 
we convert its representation in Python from a regular 2 dimensional array to 
a numpy array.  After converting the image to a numpy array, we use 
numpy.where() to separate the pixels based on whether any of its pixel values (R, 
G, or B) are greater than a threshold. Figure 26 below is an illustration of the 
current pixel isolation algorithm. 	

		

Figure 26: Current pixel isolation algorithm 	

There are a few important differences between the initial algorithm and the 
current algorithm. 	

This distinction is very important. In computer vision with python or any 
application where working with individual data that has large arrays, it is preferable 
to use numpy arrays over regular list arrays. This is because python arrays contain 
memory addressable references to the elements they store, so they are much 
larger, whereas numpy arrays contain numerical data that is tightly packed and 
optimized. For the algorithm we took advantage of this to make processing an 
image much faster. 	

 	

5.1.7    Potential Problems with Current Algorithm 	
In this section we will briefly go over some of the problems encountered as 

well as theorized that can reduce the accuracy of the system. 	



77	
	

5.1.7.1    Light Interaction 	

The current algorithm is based on separating a pixel through colors. The 
problem with this is that lighting of the environment changes the captured color of 
the region of interest, the laser beam. In our initial tests, we shined our laser diode 
on to a white box in a testing lab with more than adequate bulb light. Without 
changing the configuration of the camera, the laser beam was perceived by the 
camera as being mostly white due to the interaction of light reflected to the camera. 
One solution to remedy this has been to change the shutter speed of the camera 
to darken the image and physically reduce the light entering the camera. During 
testing this was effective in keeping the laser beam as its natural color. 	

5.1.7.2    Low Frame Rate or Measurement Rate 	

Low frame rate happens when the processor cannot keep up with fetching 
frames because of excessive calculations on the image processing side. Frame 
rate and images processed have an inverse relationship simply because 
processing takes away processing power that can be used for fetching the images. 
We are also physically limited by the maximum frame rate allowed by the camera. 
We have estimated a frame rate of about 20 Hz or fps to be ideal in giving us the 
accuracy for distance measurement we specified in the requirement specifications. 
During testing, several issues showed up, that will be further explored in section 
6.2. Eventually we achieved a frame rate of 16 Hz during our lab test. The frame 
rate achieved is independent of environment as it is only affected by the settings 
and configurations of the python script. Therefore it should work the same outside 
of a test setting. 	

5.1.7.3    False Positives 	

Another problem with the algorithm is that false positives can arise. When 
we are detecting for pixel values we may encounter pixels that are within 
the threshold  of the separating condition. If this occurs then not only will we detect 
the laser, but these pixels as well and they will skew the distance measurement 
considerably. Therefore it is important to reduce or eliminate false positives. One 
possible solution under consideration is with opencv’s implementation of the 
Hough Circle Transform algorithm as described in section 5.1.4.3. To reiterate, this 
function allows us to detect circles in an image. Because the laser beam is in theory 
a uniform dot, with high enough resolution it will appear as a circle on the image.  	

The Hough Circle Transform function allows us to set the minimum and 
maximum radius of the circle to be detected, giving us further control over what 
can be detected. One potential pitfall to watch out for in this potential solution 
is that if we decide to set boundaries on the radius is the because the dot will be 
growing larger as the vehicle approaches the device, or shrinking as the 
vehicle moves away from the device. It might be helpful to add a function that 
increases or decreases the radius boundaries slightly to accommodate for the 
change in size. Or it might be enough to leave out radius boundaries altogether. 
This will be something we will test. 	



78	
	

Another potential method for reducing false positives would be using a HSV 
(hue, saturation, value) color space, rather than the RGB color space we are 
currently using. The HSV color space uses a single number, the hue, to store the 
perceived color of an object. Under RGB space, red is one of just three values 
used to store the color, so for example a white object would be stored as having a 
max value in red. This means that we have to check three values to determine 
whether a pixel is red or not, and with HSV we could just check the hue instead. If 
false positives still exist with this method, the saturation and value numbers 
can also be used to differentiate the laser dot. 	

 	

5.2    The Graphical User Interface 	
In this section we will cover the implementation of the User Interface, the 

choices between different software frameworks that would result in the best looking, 
easiest to use graphical user interface (GUI).  	

 	

5.2.1    Preface: Setting up the GUI 	
For the GUI to be operational, first we must install the pDisplay and connect 

it to the raspberry pi. The raspberry pi has a special port called the DSI port on the 
PCB that is responsible for handling the signal between the two components. 
The piDisplay has its own printed circuit board that is responsible for transferring 
power from the pi and producing a visual display. It also has a physical touch 
screen module that must be connected to the printed circuit board in order for the 
display to have touch screen capability. According to the manual, connecting 
the pidisplay to the raspberry pi requires mounting the raspberry pi to the back of 
the display. There, it must tightly secured on 4 metal raised bars called stand-offs 
and tightened with small screws. That will ensure that the raspberry pi and the 
display are within range of each other. Next a ribbon cable that has laminated wire 
for all of the individual port connectors must be hooked up between the raspberry 
pi’s DSI port and the pidisplay’s connector port. 	

The problem with mounting the raspberry pi to the piDisplay immediately is 
that removing it becomes a hassle of taking of the screws from 
the piDisplay’s standoffs and disconnecting the ribbon cable. The immediate 
benefit of having a display that will be used for the GUI is offset by the burden of 
having the raspberry pi at a 180 degree angle with the viewable portion of the 
display. This becomes a problem when testing the camera and the laser 
subsystem as the camera must be physically clamped and not moved. But in order 
to see the camera’s frame capture, the piDisplay would have to be turned 
around. Therefore during basic component tests, we opted to use an external 
monitor connected via HDMI to the pi.  	

The piDisplay has a native resolution of 800x480 pixels. The viewable 
screen size is 1.55mm x 86mm. Because of this and the fact that most of the GUI 
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components will have to be visible from a far distance, the design of the GUI will 
have mostly large components that might appear exaggerated when viewed from 
a close distance, for operation mode. Idle Mode will have smaller components 
because the user will be at a distance no longer than arm’s length.  	

 	

5.2.2    Basic Functionality of the GUI 	
The GUI is the main interface that the user can interact with to modify 

settings for the entire system. It is expected that the GUI be friendly and easy to 
understand with plainly visible components.  The GUI will have two basic modes 
of operation: a mode that shows the distance (with an accuracy of at least +/- .1m) 
between the vehicle and the LED lights as they are attempting to park; and an idle 
mode when the user is trying to access the settings. These modes will be named 
Operation Mode and Idle Mode, respectively, for simplicity. 	

5.2.2.1    Creating the GUI 	

To create the GUI we will be using a python framework for a GUI. A 
framework is code that performs a unique task and is often adapted to various 
programming languages.  	

5.2.2.2    GUI Components 	

GUI frameworks share many of the same elements such as combo boxes, 
text boxes, labels, buttons, check boxes, drop-down menus, radio checks, color 
choosers, file selection, and other components. These components are pre-coded 
and are usually available at a mere function call or class instancing, sometimes 
with various configuration options for color, layout, position and other elements. 
The GUI elements can be configured with an action listener or an event handler 
that handles an action performed, most notably user input. The GUI components 
will have to be touch compatible. This may require an external module to be added 
alongside the GUI framework of our choice to enable this feature. 	

5.2.2.3    GUI Framework 	

For our project, we have chosen the PyQt framework. PyQt is a set of 
bindings for python 2 and 3 for the PyQt which is owned and developed by the Qt 
company. It is a commercially licensed product that is free to use for personal 
projects but must be purchased for commercial products. The benefits of PyQt for 
non-enterprise projects are a strong community backing, company support for bug 
fixing, and a designer tool called Qt Designer. The designer tool allows for dragging 
and dropping components in the appropriate places. Designer tools are programs 
written for a GUI framework that create a source file for a GUI and write code to 
that file as the programmer is visually (non-programmatically) creating the GUI. It 
can be used in the place of or alongside the source code for quickly learning the 
framework language/syntax or rapid development. Generally designer tools only 
account for the GUI components and not the event handlers, which must be written 
in code.  	
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 By default, unless otherwise specified, GUI frameworks typically access 
the application programming interface (API) of the host operating system for 
creating windows. This means that a GUI is essentially treated by the host 
operating system as a new window created and will have many of the same 
properties as a window. The look and feel of the components is determined by the 
chosen framework and the programmer’s graphical design ability. In 
Figure 27 below is a typical GUI that might be created in the Linux environment. 
Note the Title Bar (“MainWindow”) design that is typical of standard Linux 
windows. 	

 	

Figure 27: Example GUI in Linux 	

 	

5.2.3    GUI Communication Subsystem 	
In this subsection, we will discuss the components that are accessed by the 

GUI, either in operation mode or idle mode and how they interact with one another. 	

5.2.3.1    Devices Communicating with the GUI 	

The GUI will communicate with the camera and lights primarily. As we test, 
we may consider adding other devices that the GUI will control. Figure 28 on the 
next page shows a basic block diagram with the devices that communicate with 
the GUI. 	
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Figure 28: Devices communicating with the GUI 	

 	

5.2.4    Operation Mode 	
Operation Mode is the GUI state when the user is attempting to park. In 

operation Mode, the GUI will display a numerical value to the user in large text. 
This value will be dynamically changing as the user adjusts the position of the 
vehicle and will represent the parallel distance between the user and the LED lights. 
Operation Mode will work alongside the lights to give user the feedback visually 
through the lights or numerically if they prefer. The text will be large enough to see 
and will occupy at least 50% of the total GUI screen space. It will be read-only. In 
addition, speed might be displayed. This can be another textbox alongside the 
distance. The size of the two components can be determined by the user, with a 
default (if not specified) of equal size. 	

To create Operation Mode, we will use a dynamic label or text box that 
gets the distance value calculated by the laser triangulation system through 
an event handler method. The method will work by performing the distance 
calculation on each processed image and sending that value to the GUI for the 
user to see. This value will also be reflected in the configured LED light patterns. 
The method will continuously loop, updating the value, for as long as the device is 
in operation.  	

 	

5.2.5    Idle Mode  
This section will cover the various settings for the GUI available in idle 

mode and their implementation. Note that the settings might affect both idle and 
operation mode.  
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5.2.5.1    Basic Overview 	

Idle Mode is the state when the user is not attempting to park and the device 
is not actively performing distance calculations. This mode will give the user the 
ability to adjust the device look, feel, and functionality as described below. The idle 
mode will be activated when the laser dot is not visible on the camera’s FOV or 
when the laser dot is stationary for several seconds, meaning that there is no car 
present or that the car is parked. During idle mode, there will still be distance 
measurements performed, but they will be done less often, possibly once a second. 
This allows the Smart GPA to detect when a car is approaching and quickly switch 
to operation mode. 	

5.2.5.2    Color 	

The GUI will be able to display different colors for the background, 
supporting the full range of RGB color space values. Additionally, the user will get 
to choose different preset color schemes that affect both background and GUI 
components such as text, labels, boxes, buttons, etc. 	

5.2.5.3    Toggle Speed or Distance 	

The GUI exists primarily to aid the user. It is up to the user to configure the 
settings they find most useful. To help in this, the GUI will have a toggle between 
display speed of the vehicle, distance between the sensors and the vehicle, or both. 
The speed will be displayed in whatever system is most familiar to the user, such 
as the imperial system or the metric system. Similarly, the units will vary for each 
system. For example, the speed might be displayed in meters/second or miles per 
hour or others depending on user preference. 	

5.2.5.4    Size 	

The GUI will be able to change the size of its components based on user 
preference. This will affect both idle mode and operation mode. In operation mode 
it might be useful to change the size of the text box displaying the speed or distance 
to emphasize one over the other or just to increase visibility. 	

5.2.5.5    Camera view 	

The GUI will show the view of the camera to the user. This might be useful 
if the user wants to see where the camera is pointing and make sure everything is 
aligned properly. Note that this setting will not be available during operation mode 
as it would not be possible to toggle without some sort of user input, one that might 
be available in a mobile application but not a touch display. 	

5.2.5.6    Login 	

The GUI will have a login page for the user. The login itself will be a setting 
that the user can enable or disable upon first use or after successfully logging on. 
The purpose of the login is to store metrics of the device that were acquired during 
operation mode, like average speed or time it took to park. 	
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The account information will be stored in the microcontroller storage. 
Because this is a non-enterprise project, the use of a database (while being more 
secure) will not be required. Also not having a database simplifies the work so 
there is no need to write an external API for accessing the database. Similarly, 
there will be no need for a hosting service or website that the user must navigate 
to. Thanks to the graphical output abilities of the Raspberry Pi and its storage 
capabilities, it is possible to have a simple file system to work with the user data. 
User data will be stored in the microcontroller as a file. This file will be retrieved as 
the device boots up and when the user enters their account information, will be 
checked for granting authentication. The following entity relationship diagram 
shows the GUI configuration. Figure 29 below shows a basic block diagram of the 
login process of the GUI. 	

		

Figure 29: Login process communicating with the GUI 	

The login GUI will be a standard login page that one might see in any typical 
website. It will have a username and a password field.  	

5.2.5.7    Account Settings 	

The GUI will have a section for modifying the account settings. This will 
include an option to modify the username or password that are used to login for 
that user. This will also be where the user will change accounts to another 
registered account or create a new account. 	

5.2.5.8    General Settings 	

The GUI will have a section where the user is able to modify the general 
settings. The general settings the user will be able to modify will be the date and 
time. This will also be where the user will be able to turn on or off the lights on the 
visual display or on the GUI display to be either in day mode (no light to very 
minimal light) or night mode (backlight). 	
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5.3    LED Connection to Microcontroller  

This chapter section will cover the design and testing of the LED connection 
to the micro controller and how we got the LED lights to turn on and produce a 
pattern of lights. In chapter 3.4 we discussed how we chose the type of lights we 
wanted to use for the visual display to help users know when to stop driving their 
car into their garage. We wanted the visual display to use lights that can be 
controlled and changed by a micro controller. We chose to use addressable LED 
lights model WS2812B. Figure 30 below is a diagram of the WS2812B system, 
provided by the manufacturer.  

 	

Figure 30: Diagram of WS2812B system  	

Awaiting copyright permission from Worldsemi 	

 	

5.3.1    Raspberry Pi Connection 	
We initially tried testing the light produced from the LED light strip without 

any Raspberry Pi or microcontroller to see if it would automatically turn on but it 
failed and no light was produced. We came to a conclusion after testing it the first 
time that it needs to have data from a code imported to the microcontroller to have 
any light produced.  	

After testing the LEDs the second time without success, we decided to take 
a step back and only test 2 LED chips from the whole strip and only focus on those 
2. When we tested it the third time, we made sure to change the LED count to 2, 
but afterwards when we continue testing, we will change the LED count to 
the amount of LEDs we decide we will need.  Our electrical engineer in our group 
had to cut off the 2 LEDs in a way that did not affect the other LEDs on the 
strip. Figure 31 on the next page is a picture from when we testing only 2 LED 
lights instead of the whole strip of lights. 	
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Figure 31: 2 LED lights removed from strip of lights 	

After our testing failure, we found out information on how to use the 
Raspberry Pi and how to connect the code and import it to the microcontroller to 
program the lights. We came to discover that in order to produce light from the 
LEDs, we needed to prepare the Raspberry Pi with libraries and packages used to 
program lights.  	

We needed to install Python support for the specific LEDs we chose, which 
were the WS2812B LEDs. After installed, the Python support that included the 
library and packages we needed, we went into the WS281x directory and ran the 
code to test if the LEDs would light up. 	

After lighting up the LEDs and making sure they worked and produced light, 
we decided that for our next test we will try to light up all the LEDs on the strip, as 
well as decide which type of transition to use that is better suited for our visual 
display. 	

 	

5.4    Power Distribution  	
This chapter section will cover the design of the power distribution for the 

whole device. In chapter 3.5, the power requirements and tradeoffs of different 
components used were discussed. The selection of components was influenced 
by the quality and accuracy first of the device measuring distance and light, then 
the power consumption was considered after. In other words, the power supply 
was selected based on the power requirements of the components and not vice 
versa. Same mindset is implemented in the power distribution. Therefore, the 
design of regulating voltage and current for each component was designed 
after testing which components tested well in accuracy and delay and after heavy 
consideration in selection. Switching components after creating these designs 
will involve time to alter designs and may even risk the power distribution of all 
components. The power requirements for each of the components in the Smart 
GPA design is listed in Table 19 on the next page.   
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Components  Quantity  Voltage  Amperes  Watts  

Lights  1 meter  5.5 V  1.8 A/m  9 W/m  
Raspberry Pi  1  5.1 V  1 A  5 W  
Laser Diodes  1  4.5 V  <20 mA  0.1 W  

PiDisplay  1  5 V  1 A  5 W  
PiCamera  1  5 V  350 mA  1.75 W  

Total  -  6 V  4.17 A  25 W  
Table 19: Power requirements for all components 	

Figure 32 below represents a basic diagram of the power distribution of the 
device. This figure represents more a schematic sketch of the power distribution 
rather than a detailed one-line diagram. More details on the power requirements 
will be detailed below in separate sections for each component with a discussion 
on their power requirements and reasons for the power distribution layout. At the 
end of this section a more detailed power distribution diagram will be provided after 
all components have been tested. 	

Figure 32 below complies with power standards and specifications identified 
in the sections above. One main power source supplies power to all components 
that will need power to operate. The main power supply mainly will supply power 
to the LEDs and MCU. The laser diodes, piCamera, and piDisplay will be 
consuming power from the MCU. This layout takes into the consideration of 
communication between components and MCU since the MCU will be taking 
inputs and outputs from almost all components.  	

 	

Figure 32: Power distribution diagram 	
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5.4.1    Main Power Supply 	
The main power supply selected was a compact rechargeable battery. This 

battery should be able to charge by adapter through wall receptacle. Ideally the 
device the battery will be able to operate the device for a period amount of time 
without needing to be charged. The battery will supply an output voltage 
of 5 VDC that will supply power the LEDs and MCU. The LEDs and MCU will 
consume most of the power from the battery at a maximum the lights consume will 
be about 9 W/m. The MCU will consume about 12.5 W in total at maximum 
consumption.  	

 	

5.4.2    LED Strip Lights 	
In the Figure 30 provided by the vendor, the LED strip lights selected for 

this device include three wires to operate. One wire connects to an external power 
supply of 5 V and enough capacity for 9 W/m of the strip light. The data wire is 
connected to a GPIO pin on microcontroller to control the pattern and color of the 
LEDs. The last wire is to ground the device.  	

The idea is to provide a disconnect switch between the power supply and 
LED strip lights to allow freedom of the user to turn off the lights independently 
from the rest of the components. This switch must be physically attainable to 
anyone and not obstructed. This switch complies with safety specifications to 
avoid risk to the user. 	

A physical constraint of the LED strip lights is that they do not have to be in 
the enclosure with the rest of the electrical components. Another constraint is the 
lights cannot be far enough that from the rest of the electrical components as the 
LEDs need to communicate with the MCU to obtain input and be supplied power 
from the battery.  	

5.4.2.1    Completed Component Power Test 	

This section will cover the testing we’ve accomplished pertaining to the LED 
strip lights WS2812B and their investigating their power requirements. Our first 
goal was to power on the lights to verify that the process to power them is how we 
conceptualized. The wire diagram in Figure 30 is the diagram provided by the 
vendor.   

Powering the LED lights was challenging and required three 
separate testing sessions to accomplish with knowledge that was gained each 
session in being able to finally power them on. 	

As originally mentioned, the LED strip lights have two separate 
wiring circuits: one dedicated to power supply and one dedicated to programming 
the individual LEDs configurations. In the first testing session, the goal was to 
power all the LED strip lights bought, which was 150 RBG LEDs in one strip. Per 
meter, that is 30 LEDS, and with the power consumption being 9 W/m, each led is 
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estimated to consume 0.3 W. So, when testing we tried to power all the LEDs 
simultaneously with 5 V and 9 A. We spent a of time trouble shooting why the 
LEDs were not powering on. It is important to reiterate that the LEDs were not 
being programmed to turned on. Therefore, nothing was connecting to the data 
wire.  	

Also, after configuring the DC power supply to 5 V and 9 A, the power supply 
was outputting only 5 V, but no current. This verified our theory that the LEDs were 
not getting to be powered on. A multimeter was used to verify that the power from 
the power supply was flowing through the LEDs.  	

Our hypothesis after our first failure powering the LEDs, was that the LEDs 
needed to be programmed to turn on. The next step involved connecting the data 
wire to a MCU to see if an output from the appropriate GPIO pin would allow the 
LEDs to power on. Since the first testing session was not successful in powering 
on the LEDs, a time emphasis was placed on successfully powering the lights to 
not cause a significant delay in testing all other components. 	

 	In this testing session the only difference from the first testing session was that 
the lights were plugged into an MCU to see if an output response from GPIO pin 
would work. The failure in this session was an unfamiliar MCU was used instead. 
A TI MSP430 was used instead of the intended Raspberry Pi as this test was being 
done simultaneously as the piCamera and laser diode test. Therefore, our 
unfamiliarity with the TI MCU created an obstacle for us to be able to program the 
LEDs. This test proved to be unsuccessful since the power configurations on the 
DC power supply were the same as the first test session and the output from the 
GPIO in could not be confirmed working successfully.  	

After this session and thorough troubleshooting, we realized that the DC 
power supply used throughout testing could not supply the power needed to power 
all 150 LEDs. After this revelation, the next testing session we were more prepared 
and decided to increase the number of LEDs to power, so that the LEDs could still 
be powered by the DC power supply in the senior design lab.  	

In the next initial component testing session, only two LEDS were 
connected in series. The power requirements changed and were calculated to be 
5 V for operating voltage and 0.06 A to power on LED. The LED was then 
connected to Raspberry Pi to power on. More information on the programming of 
the testing of the RGB LED is under section 5.3. After programming the LED to 
turn on, the LED was not turning on still. Realizing that more voltage was needed, 
the voltage was raised to 5.5 V and the LEDS were running perfectly. This was the 
operating voltage needed to power the LEDs, as powering them below this voltage 
caused them to not operate at all. The current was also measured to be 0.012 A. 
Well below the current calculated. Our hypothesis behind this low current is that 
the LED lights consumes variable power depending of the configuration. Over 
estimating the current is also not a bad thing as it causes us to be more cautious 
of the power consumption of the LEDs power consumption.  	
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Figure 33 below is a picture of our test when we successfully had the LEDs 
light up with color. Choosing the LED model WS2812B proved to be successful 
due to the brightness of the lights which will be used for the visual display, and 
users will have no trouble viewing them as well as them not distorting anyone 
eyesight. 	

 	
Figure 33: Successful lighting of LEDs from strip 	

 	

5.4.3    Laser Diodes 	
The laser diodes have the lowest power consumption of all components at 

about 5 V operating voltage and a maximum current consumption of 20 mA. The 
power consumption is then 100 mW for one laser diode. The laser diode selected 
for this device is the HiLetgo laser diode shown in Figure 34 on the next page. The 
requirements are listed under Table 19 as Laser Diodes. The HiLetgo laser diode 
consists of a laser diode with a 300 Ohm resistance and a lens to focus the light 
emitted, thus, to work as a laser. The wires provided are the positive and negative 
terminals for powering the laser. To turn on the laser requires just powering the 
device, with 4.5 to 5 V and roughly 20 mA. Fairly simple, but in the case of our 
device, it requires us to turn on the laser when we want to operate as 
a component of our distance sensor. Therefore, it must be connected to our MCU 
and programmed. This is challenging since a GPIO pin on the selected MCU 
outputs 16 mA and 3.3 V, which is well below operating range for the laser diode. It 
was determined then; the laser will need to be powered from the battery and 
also be connected to the microcontroller.  	

Testing in phases was needed to test different designs needed to power 
this component. The first test involved figuring out the power requirements of the 
laser diode and powering the component/components with just an external power 
supply. This test procedures and results are discussed under Section 5.3.3.1 in 
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further detail. The second test involved turning on and off the laser via MCU. This 
test is discussed in further detail under Section 5.3.3.2.  	

	 	

Figure 34: HiLetgo laser diode  	

Awaiting copyright permission from HiLetgo [31] 	

5.4.3.1 Powering HiLetgo Laser Diode 	

This section will cover the testing of our laser diode component but from a 
power standpoint. Refer to Chapter 6 for further results unrelated to the power 
requirements of this component. The first part of the test consisted of powering 
one laser. To power the laser, we treated the laser as a diode and ran it in series 
with a 100 Ohm resistor. The resistance of the laser diode was 330 Ohms, which 
was labeled on the laser component itself. This resistance value seems fair and is 
common among laser diode. The operating voltage from the distributor was labeled 
as 5 V and the operating current had to be below 20 mA to avoid rapid degradation 
of the laser. The power circuit for the laser diode is shown in Figure 35 below. 	

 	

Figure 35: Single laser diode circuit 	

The results when placing the operating voltage at 5 V, was a current 
significantly higher than 0.2 mA passing through the diode. The laser though would 
turn on. But the goal was to decrease the current below 0.2 mA. Placing different 
variations of sized resistors also would not allow the current to decrease below 0.2 
mA. When the voltage was decreased though we noticed that the current was 
decreased to about 0.2 mA. Therefore, the circuit above proved to power the laser 
but not at an operating condition. Whereas with the circuit design in 
Figure 35 proved to be at a better operating range at 4.5 V, allowing the laser to 
be powered on and the current flowing through the diode to be below 0.2 mA or 
below.  	
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The next part of the test was to power on multiple lasers at a time with the 
same operating voltage of 4.5 V – 5 V. More current is therefore needed to power 
more of the lasers in parallel. Figure 36 below shows a schematic of the lasers. 
What was noted was that to increase the current enough to supply both the 
resistors, the resistance between the power supply and the diodes needed to be 
reduced by the number of diodes in parallel. Two diodes are pictured in Figure 36, 
but the 100/n Ohm value for the resistor applies for any number of diodes in 
parallel. 	

	 	

Figure 36: Multiple laser diodes circuit 	

This test helped us in gaining an understanding on how to properly power 
laser diodes as to not degrade the quality. The quality of the wires and exterior 
metal of the laser were questionable and may eventually reduce the performance 
as wear and tear increases over time. Further testing on these lasers will determine 
if better quality laser diodes are needed to last throughout testing and design 
phase of our project.  	

To extend the longevity and use of these laser diodes, the wires attached 
were replaced with wires with similar gauge to the rest of our components as to 
more easily use. The wires that came with the laser diodes was extremely fragile 
and hard to use. Soldering new wires to the laser diodes has made the lasers 
easier to work with. Safety standards were followed when soldering devices and 
testing if the wires were safely bonded to diode.  	

5.4.3.2    Laser Diode GPIO Pin Power Test  	

After completing the initial component power test for the GPIO pins, the next 
step involved analyzing the functionality of the lasers and how they will be 
controlled during the device sensing mode. This was a bit a of challenge because 
the laser diode only has two wires to operate with, the power supply wire and 
ground. The power requirements for the diode from the initial components test 
turned out to be 4.5 V and a 20 mA current for each diode added in parallel. But 
the only way to be able to control laser diode would be to program the diode to turn 
in via the MCU GPIO pin. The challenge with that is that the MCU chosen cannot 
provide enough power to the laser diode. As the GPIO pin can only output 3.3 V. 
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Therefore, the laser diode will have to be powered externally from the MCU from 
the main power source to turn on.  	

This challenge required up to search transistors that could allow us to turn 
on and off the diode with the small amount of current the GPIO pin outputs to signal 
the laser to turn on and off.  	

The transistor chosen to test the functionality of this theory was the 	NPN 
2N2222 transistor because of its β gain of 100. Figure 37 below shows the design 
schematic chosen to achieve powering the laser diode externally while controlling 
the laser diode from the MCU. The transistor will operate as a switch with a certain 
threshold current needed to allow the laser diode to turn on. The GPIO pin will be 
connected to the base of a transistor and will control the switching of the transistor 
to allow current to flow through the collector down the emitter. The collector will be 
connected to a 5 V power source and the laser diode. The emitter will then be 
connected to ground. For the laser diode to be turned on, the collector current must 
be amplified by the base current to flow through the emitter and close the circuit. 
Without the base current amplifying the collector current, the emitter will not have 
enough current to close the circuit. The circuit will then act as an open circuit and 
the laser diode will not power on. The following equations were used to solve for 
the appropriate resistor values needed to use transistor as switch.  	

 	

Figure 37: MCU controlled laser diode circuit 	
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The equation below measures the current needed to flow through base to 
allow current to flow from collector to emitter. The current was calculated by 
retrieving the β gain for the 2N2222A transistor and dividing it by the current 
consumption needed to turn on laser diode. Both values were given to us by the 
vendor and the current was verified during our initial components test of the laser 
diode.  	

𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝑡ℎ𝑟𝑜𝑢𝑔ℎ	𝐵𝑎𝑠𝑒	 =
𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝑡ℎ𝑟𝑜𝑢𝑔ℎ	𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟

𝛽
=
0.02	𝐴
100

= 0.0002	𝐴 

 

The equation below calculated the resistance in the base needed for 
collector current to flow through and into the emitter. The base resistance was 
calculated by measuring the voltage across the resistor which is the voltage 
outputted by the GPIO pin which 3.3 V and the voltage across base and collector 
which is 0.7 V in a 2N2222A transistor. The current through base calculated above 
is used to calculate the resistance needed using a simple Ohm’s Law which is 
13,000 Ω. 	

𝑅𝑒𝑠𝑖𝑠𝑡𝑜𝑟	𝑖𝑛	𝐵𝑎𝑠𝑒 =
3.3	𝑉 − 0.7	𝑉	

0.0002
= 13	𝑘Ω 

 

The equation below calculates the resistance needed to power laser diode 
with the proper operating voltage. The main power supply is going to provide 6 V 
of power. The resistor is needed to allow 4.5 V to be dedicated to the laser diode. 
This value was verified to work for powering the laser diode in our initial 
components test. The voltage therefore dedicated to the resistor will be around 1.5 
V. The resistance is then calculated with a simple Ohm’s law equations and the 
resistance needed is about 225 Ω.	

𝑅𝑒𝑠𝑖𝑠𝑡𝑜𝑟	𝑖𝑛	𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 =
6	𝑉 − 4.5	𝑉	

0.02
= 225	Ω	

	

After this test, a decision was made to use 3.3 V operating voltage laser 
diodes, rather than the 5 V laser diodes. The reason was that the 3.3V LED could 
be connected to the MCU via GPIO pin without using an external power source. 
Even though our test of powering the 5 V LED while being connected to MCU was 
successful, using a 3.3 V LED would eliminate the circuit needed to power LED 
externally while being connected to MCU. The quality of the 3.3 V laser diode 
was tested to be the same as the laser diode.  	

Figure 38 on the next page is the schematic design of the 3.3 V laser 
diode connected to the GPIO pin 18 on the Raspberry pi Model B. From the GPIO 
pin, the laser diode can be controlled and powered solely by the MCU, versus the 
design necessary to power and control the 5 V laser diode.  This decision reduced 
complexity in the circuit and reduced overall size of the PCB.  	
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 Figure 38: MCU controlled and powered Laser Diode 	

 	

5.4.4    MCU 	
The Raspberry Pi 3 Model B is known to have an operating voltage of 5 V 

and a recommended current consumption of 2.5 A [19]. It is known that without 
any external devices connected to the MCU, that the current consumption of the 
MCU alone is about a little less than 1 A. The remaining current will likely be 
powered by the external devices connected to MCU. These external devices are 
the laser diodes via one GPIO pin, the piDisplay, the piCamera, and the LED lights 
via GPIO pin. More discussion about their power requirements are under their 
respective sections.  	

The MCU will be powered by our external power supply battery at 5 V with 
a current of 2.5 A. This is because of the added power consumption of the external 
devices connected to it. During testing, the MCU has been connected via USB to 
a wall adapter that provided more than enough current to the MCU. In the case of 
our actual device, the MCU will not be powered via wall adapter and will need 
to powered by the battery. 	

 	

5.4.5    piDisplay 	
The piDisplay power requirements have been difficult to obtain since 

Raspberry pi limits the information they provide to consumers of their products. 
When piDisplay was obtained, no information was provided to us on its power 
specifications. The product was made to be easy to use and is powered via UCB 
port on MCU. We can assume the output voltage of USB port from the MCU is 5 
V. The current consumption is unknown at the time being. It is predicted to be at 
maximum 1 A. The display current consumption will vary depending on the 
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configurations of the display. The pi display will need to be tested to verify it can 
work in collobaoration with the piCamera connected to the MCU, to avoid 
exceeding output power provided by the MCU. To avoid any malfunctioning due to 
exceeding power consumption, the piDisplay will typically operate on minimum or 
no power consumption while the camera is in operation. This mode of operating 
will be tested to verify for any defects in operation of device.  	

 	

5.4.6    piCamera 	
The camera selected has power requirements listed in Table 19. 

A major deciding factor for the piCamera was the ease that the camera provides 
to the designers. The piCamera is powered solely by the MCU and has its own 
voltage regulator to safely draw power from the MCU. Therefore, from a power 
design standpoint, there is not much to design. The wires needed to power the 
camera are integrated with the data pins that are connected to the input port on 
the MCU. The power consumption of the camera therefore will be added on the 
power consumption of the MCU consuming power from the external the source. 	

The only disadvantage of the piCamera is that the power consumption is 
unknown as the vendors of Raspberry pi do not easily provide this information to 
consumers. Therefore, the power consumption is predicted to be around 350 mA. 
This value will be tentatively used in the calculations and for the design of power 
distribution to protect the device from malfunctioning. 	

  	

5.4.7    Main Power Supply 	
The main power supply for this device was decided upon a rechargeable 

battery. The process of choosing the battery came after carefully selecting all 
components and completing power tests to determine the main power supply 
needed.  The power requirements for the device in operation mode is estimated to 
be about 22 W. Therefore, the battery chosen to meet these requirements is 
the ExpertPower EXP645 rechargeable battery, which is a sealed Lead Acid 
Battery with an output voltage of 6 V, a 4.5 Ah capacity, and a discharge rate of 20 
hours. Table 20 below shows power consumption for both of our modes. 

Mode  Power Consumption  

Operation mode  25 W  

Idle mode  9 W  
Table 20: Power consumption in varying modes 	

 	The dimensions of the battery are also 2.7 in x 1.9 in x 4.1 in, which complies with 
our specifications of designing a compact device. The weight of the battery is also 
1.5 lbs. To comply with lead acid safety standards, the battery cannot be recharged 
within the device enclosure.  	



96	
	

5.5    Printed Circuit Board 	
Printed circuit board is used in this project design because it scales the 

device significantly and allows for all components to be controlled and powered by 
one central component. 	

A decision had to be made concerning designing a PCB that is surface 
mounted or a through hole perforated board. A surface mounted 
component is commonly used because it is easy and efficient to create and 
usually have less performance associated errors. The largest advantage of 
surface mounted PCB is the components usually included in PCBs, such as 
resistors, transistors, capacitors, etc., are scaled very small, therefore, the PCB 
is also very scaled. This would help greatly for minimizing dimensions for the 
overall device size. The complications thought that arise with a small PCB is that 
it becomes complicated to configure components or solder extra components onto 
the board. This arising complication is important because our group members 
are expertly skilled in soldering miniature electrical components. The risk in this is 
damaging components permanently and having to replace these components in 
due time.  	

The through hole perforated board, though, is easier to solder and would 
offer less of a risk for our group members to damage components. The through 
hole components on a PCB allows for connection to be soldered to. This makes it 
easy to replace if a connection is soldered improperly. The disadvantage of 
through hole PCBs is that they are typically created larger than surface mounted. 
This would therefore increase the space of components inside the enclosure 
the device and could increase enclosure dimensions.  	

To decrease complications later in the prototyping of this device, through 
hole PCB will be the initial PCB design for this project. The compactness of the 
PCB is sacrificed for smaller risk associated to soldering and testing device for 
better performance.  	

 	

5.5.1    Preliminary PCB Schematic 	
The preliminary PCB schematic is shown on the next page, in Figure 39. All 

components are included except the piCamera and piDisplay. The piCamera and 
piDisplay communicate and are powered from one central connection to the 
raspberry pi. Therefore, they’re powering requirements are incorporated into the 
power requirements of the Raspberry Pi MCU in PCB schematics. The PCB will 
mainly function as a power distribution board between the main power source and 
the components directly being powered by the external source.  	

This schematic is considered preliminary because it was designed after 
initial component testing, but before integrated component testing. Integrated 
component testing is important from a power distribution standpoint because 
the this is the design phase where power distribution is incorporated and tested. 
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Many of the components need a certain operating voltage that varies across 
all components and can only operate safely within a range of current as 
well. Therefore, the power distributed between all components needs to be 
calculated and designed carefully as to not damage components and hinder overall 
device performance. Table 21 on the next page after the PCB schematic labels all 
of the acronyms that are used in the schematic  

	

Figure 39: Initial PCB Schematic 	
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Component Acronym  Component Name  

VR1  Voltage Regulator  
USB1  Female USB Connector  

SK1  Raspberry Pi 3 Model B 
GPIO Pins  

LED1  LED Strip Lights  

LED2  Laser Diodes  
Table 21: Initial PCB schematic diagram acronyms 	

In this schematic figure, a 6 V battery is used to power all major components, 
which include: MCU, laser diodes, and LED strip lights. The MCU will be powered 
via microUSB cable between PCB and MCU. The PCB will then include a voltage 
regulator between the female USB connector and the input power supply. The 
voltage regulator is necessary to step down the voltage from 6 V to 5 V necessary 
to power device. The raspberry pi 3 model B can become damaged if the current 
being drawn is greater than 2.6 A.  	

The LED lights come with three wires which will be connected to both the 
PCB and the MCU. The connection to the MCU will handle controlling 
the individual LED color and pattern, which will be controlled by GPIO pin 16. The 
other connection will be between the PCB and the LED lights, which will handle 
the providing power to the lights. The lights can handle an operating voltage of 5.5 
V. A resistor will be placed in series with the LED lights to prevent overvoltage of 
the LED strip lights. Since the LED strip lights came with separate cables for 
providing power and data, it was simple to integrate into the device.  	

The rest of the components, the laser diodes, piCamera, and touchscreen 
display will be powered by MCU and will not need to be connected to the 
PCB. Therefore, they will not be represented in the PCB schematic design.  	
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6   Testing 	
In this chapter, we will discuss the various tests we ran on the components 

for our selection process, quality check, and gaining familiarity with each of the 
components. The sections below speak briefly about why we completed the test, 
and what we gained from running these tests. The sections are in no order 
but were all completed in our Fall Senior Design semester. 	

 	

6.1    Initial Concept Test 	
Before purchasing any of the components for our design or doing any 

component testing, we first had to confirm the viability of our distance sensing 
method of choice, laser triangulation. Some worries were brought up about how 
visible a weak red laser would be on the surface of a car, and whether the camera 
would be able to easily see the laser dot at a distance of 10 feet or greater. This 
matter was even more worrying due to the amount of time and development that 
would need to be done before we could bring our system out to a real garage and 
test its functionality on a real car. For this reason, we decided to do a low-budget 
concept test for laser triangulation with a weak red laser pointed at cars. 	

For this test, we needed to select a camera and a laser to use. The camera 
was selected to be the iPhone 8 camera that one of our members already owned, 
so that it would have no cost for our group. Unfortunately, none of us had a red 
laser pointer to use for the test, so we decided to purchase the IGERESS Wireless 
Presenter. This product was chosen since it functions as a red laser pointer with 
1 mW output power, well below the power we planned to use for our laser diodes 
in the actual design. If the camera could pick up the laser dot from the IGERESS 
Wireless Presenter, it would likely also be able to pick up the laser dot from any 
laser diodes we purchased later on. In addition, this product was convenient since 
it is fully battery-powered and is thus easy to take around and test on a variety of 
cars without having to be attached to a power source. 	

The location of the test was chosen to be Parking Garage E at the University 
of Central Florida. While not equivalent to a home garage, the massive parking 
garage had a large number of cars to test on with a variety of lighting conditions, 
with varying amounts of sunlight coming in at different locations. The test was 
performed by pointing the laser pointer from about 10 feet away at various cars 
and taking a picture with the iPhone 8 camera. For every one of the cars tested, 
the laser dot was visible in the picture taken. However, the visibility of the dot varied 
greatly between different cars. Some group members had suspected that the 
visibility of a red dot against a red car might prove to be a problem, but the laser 
dot shone brightly against red cars and was clearly distinguishable from the cars. 
However, black cars proved to have the worst visibility for the reflected laser dot. 
This makes physical sense, as the color black means that the object is absorbing 
most of the incoming light and reflecting very little back to the viewer. 	
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From this test, we learned that the visibility of the laser dot reflected from a 
car at the range of about 10 feet would likely not be a large problem for us. We 
also learned that it was potentially possible to observe the laser dot even for a 
weaker laser with an output power of about 1 mW, which would improve the safety 
of our device if we were able to implement it. The last thing we learned from this 
test was that visibility of our laser dot was worst when reflected off a black car, so 
for our most strict testing of our system we should attempt to perform 
measurements at long range for an incoming black car. 	

 	

6.2    Distance Measurement Testing 	
Once the components were selected and individually for our laser 

triangulation distance sensor system, we immediately began testing for the system. 
The distance measurement is the aspect of our design which the rest of the 
features depend on, so it was the first part of our design that must be finished 
before the rest of the Smart GPA could be developed. 	

 	

6.2.1    Camera Image Processing via Python Scripting 	
In the senior design lab, we tested the camera for functionality with initial 

tests as described in the testing section 6.1.2. Our goal with the camera is to 
isolate pixels of the part of an image that pertain to a laser beam, in real time with 
the greatest accuracy and camera frame rate achievable. These pixels and their 
location on the image reveal a lot of useful information that will be used in distance 
measurement.  The design of the algorithm for this was explored in section 5.1.6.2. 
In this section we will show we arrived at our current working algorithm. 	

6.2.1.1    Initial Problems 	

We began testing our fresh install of OpenCV as a python wrapper to C++ 
as well as the python module that acts as an API to the raspberry pi camera, 
namely PiCamera. Immediately there were several problems. PiCamera and 
OpenCV seemed to have compatibility issues with the representation of images, 
namely the inputs and outputs of the functions that would work images. 
In PiCamera the most important of these was PiRGBArray(). However upon closer 
inspection we did not import a dependency that was needed for PiRGBArray().Our 
next problem was that the script would not work without providing an exit key for 
the GUI application that OpenCV was using to display the frames. We reasoned 
that an exit key was optional, but ultimately discovered that the program would not 
work without one. After clearing any compatibility issues, we moved to test the 
initial pixel isolation algorithm described in section 5.1.6.1. 	

6.2.1.2    Persistent problems 	

During testing we encountered a persistent problem that would affect our 
testing, essentially preventing our algorithm from working because our testing 
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conditions had deviated too far from our theorized conditions. When we tested the 
laser diode on most surfaces and captured it in the camera, we always noticed the 
laser dot had turned white, with a few red pixels around it. Figure 40 below shows 
an example of this problem. This would most likely skew our results, so we sought 
to lower the brightness or improve the contrast so the laser dot would remain red.   

We tried several methods to improve this, but finally reducing the shutter 
speed of the camera came the closest. Reducing the shutter speed physically 
prevents more light from entering the camera. This had the effect of making all 
of the frames darker, simulating darkness in the room. It was also a very important 
advancement in the fruition of the pixel isolation algorithm because by lowering the 
perceived RGB value of every pixel and making more than others appear as black, 
it would reduce the false positives and make it easier to detect the laser dot. 	

	

Figure 40: Laser diode problem, laser dot appearing white instead of red 	

6.2.1.3    Testing Initial Design of Pixel Isolation Algorithm 	

In order to test the initial design of the pixel isolation algorithm, we started 
with an outline of its expected behavior. After designing the algorithm, we set up 
the environment that would be used. We had already tested the laser diode on the 
breadboard and confirmed it working, so we clamped the laser to have it firing at 
a desired angle and at the same spot. For testing purposes since our power system 
is not yet setup, we used the senior design lab’s power supply to turn on the laser 
diode. We also clamped the camera so it would not move.  	

Both of these components must not move in either the testing or production 
environment as that would ruin accuracy measurements. Once the laser and the 
camera were set up, we ran the python script we had developed to start capturing 
frames as well as turned on the laser. We took a white box and moved it back and 
forth in front of the camera, noting that the laser dot on the box would move 
horizontally as the box moved. The testing environment is represented by the 
Figure 41 on the next page. 	



102	
	

	

Figure 41: Testing environment diagram 	

6.2.1.4    Capturing the Data from the Images 	

To understand whether the algorithm was working and to make sense of 
the data, we decided to output the row and columns of the laser dot pixels on the 
image. To accomplish this we used Python’s native print statement, which is 
capable of printing formatted arrays to the terminal window.  So far, we were 
moving the box back and forth and the terminal was outputting, but we noticed that 
the output being printed was out of sync with the movement of the box, which is 
an issue with the frame rate being too low. We analyzed the efficiency of our 
algorithm and noted that the several things were taking too much processing power. 
We conducted a test to determine frame rate. This test involved simply importing 
the Time library from Python’s packages and set a time at the start of capturing 
frames and a time at the end after we had processed 40 images. Then, we used 
the equation below to calculate the frame rate of our camera with all of the image 
processing we were doing. 	

𝐹𝑟𝑎𝑚𝑒	𝑟𝑎𝑡𝑒 = 	
40	𝑓𝑟𝑎𝑚𝑒𝑠

𝑒𝑛𝑑	𝑡𝑖𝑚𝑒	 − 𝑠𝑡𝑎𝑟𝑡	𝑡𝑖𝑚𝑒
 

 

At first, we were using our algorithm over the entire image. As we were 
testing by sliding the box back and forth, we noted that the laser dot would only 
move horizontally on the box. We therefore reasoned that we could focus primarily 
over a small region of rows and the full region of columns, essentially collapsing 
the image by half and drastically improving frame rate. 	
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Then we noted that printing the arrays in real time to see our results was 
slowing down the frame rate. Printing arrays in python is an expensive operation.  	

In addition, we were creating a coordinates array and printing that to the 
terminal. We were using python’s list function to transform two separate arrays that 
were output by a zip function (that was also expensive, because it had to combine 
two sets of data into one by a condition). The result was creating a lot of 
unnecessary arrays. 	

We realized as well that it was not necessary for us to view the images as 
they were being processed. This had been important initially, as having to see if 
the rows and columns location of the laser dot from the pixel isolation algorithm 
made sense, given the size of the image (640x480). After we confirmed it was 
working, improving the frame rate became more important so we determined to 
work just from the terminal data. 	

One of the biggest detriments to a fast frame rate was iterating over every 
pixel in the image, or even region of an image.  	

6.2.1.5   Fixing the Algorithm 	

We started by cracking down on all the above problems. Instead of iterating 
over every pixel, we began by only passing the few rows of interest and all of the 
columns. To reiterate, in the testing environment, when the box moves forward or 
backwards, the laser dot will move horizontally. Therefore we could increase the 
frame rate by focusing on just on a few rows. We also stopped creating 
unnecessary arrays. The only arrays that were useful to create were numpy arrays 
of the region of interest after the frame had been captured from the camera and 
sent for processing.  	

We also took advantage of numpy.where() which would input a numpy n-
dimensional array and output several arrays whose number depended on the 
shape of the input. In our case, it would output the indices of the rows that satisfied 
our algorithm condition in one array, and the columns in another. This function was 
an improvement over iterating in every pixel. We achieved a frame rate of 16 fps, 
compared to our original framerate of 8 fps. However, each of the optimizations 
done seemed to have diminishing returns. It is likely that in order to clear the 20 
Hz measurement rate specification, we will need to either upgrade hardware or 
attempt to find the laser dot using different methods. 	

6.2.1.6   Distance Testing Methods 	

Testing the distance involved the same setup described in section 6.2.1.3, 
but with more components involved. To get an accurate reading of the distance 
many factors must be considered, including the implementation of the distance 
equation. We used a tangent with an input of degrees and kept all the relevant 
values such as camera FOV also in degrees. In the lab environment, we set up the 
camera clamped at a fixed point and the laser diode on the breadboard also 
clamped at a fixed point. The distance equation was programmatically derived in 
Python. We measured the horizontal distance between the camera and the laser 
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diode. Using an angle measuring tool, we measured the vertical angle of the laser. 
These values were then calculated using Python’s tangent function from the math 
library and regarded as constants so we would not have to calculate them each 
time.  	

Each frame that was processed would have the laser point in a different 
location horizontally as the testing box was moved forwards and backwards. From 
each frame, we can get the position of the laser dot. This along with the camera 
FOV, distance between the laser and camera, horizontal resolution of the camera, 
and the angle between the camera and laser were subsituted into the distance 
equation and we attempted to derive the distance. We can keep measure the 
actual distance with a measuring tape as shown in Figure 42 below. 	

	 	

Figure 42: The Testing environment, showing the distance measurement 	

At first we ran into many problems. The values we were deriving from the 
distance equation were far beyond the acceptable range of error, some even going 
into negative values as we moved the box beyond the middle of the testing 
environment; in other words, the distance where the laser dot would be in the 
center of the camera’s view. For our testing we measured the box at approximately 
37cm away from the camera.  	

We discovered that the reported FOV of the camera at 62.2 degrees was 
giving us inaccurate results so we tested different values until we arrived at the 



105	
	

accepted 50 degree FOV, which gave the most accurate results. We also had a 
difficult time measuring the angle of the laser properly. It was vital to have the angle 
measured as close to the actual degree as possible because it had a heavy weight 
in the distance equation. The laser diode clamped was not stable enough, and the 
testing environment station was not ideal to use the angle measuring 
tool.  Through testing, we settled on a value of approximately 22 degrees, giving 
the most accurate results.  	

We used a print statement in Python to display the distance measurement 
for each frame in centimeters. Finally the last numerical value was the frames per 
second that were able to be processed by the raspberry pi CPU. It is important to 
note the distinction between the testing and environment and the operation 
environment. During testing, having prints is fine as they are useful for tweaking 
our values to get the most accurate result. However, in the operation environment, 
the device will not be outputting any information to the terminal as print statements 
are expensive and will cost processing power that will take away from the frames 
per second. Figure 43 below is the terminal output we were receiving during a test 
to demonstrate some of our results.  	

 	
Figure 43: Distance Measurement Results from the Terminal Output 	

Once we were able to fix several issues, we arrived at output that was very 
close to the actual distance, achieving an error of at most 2 centimeters. The error 
that we receive is smaller at close distances because the distance equation is not 
heavily weighted by the factors that we physically measured by hand, namely the 
camera FOV, distance between the laser and camera, horizontal resolution of the 
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camera, and the angle between the camera and laser. As the distance goes 
beyond the middle point described earlier, the distance calculated begins to 
increase exponentially and the error range becomes more exaggerated. This was 
true even after we arrived at our final configuration that allowed us to achieve a 
small error. However, instead of exponential the error growth seemed to decay, 
eventually settling at about 2 centimeters at a physical distance of about 3 feet. 	

 	

6.3    Future Testing 	
The Smart GPA is currently in its early testing stages. The overall system is 

complex, with many interacting elements, so much of the testing that is necessary 
for the design is currently just out of reach for us and will need to be done in the 
future. Different tests are also introduced when unintended circumstances occur 
during testing that requires reviewing certain theories, completing more research, 
or obtaining new tools or components. This section will cover the future tests that 
our team is currently planning to do to ensure that the Smart GPA works as 
intended.  	

 	

6.3.1    Long Distance Measurement Test 	
A limitation of our first distance test was the limited amount of distance we 

were able to measure with our system. Due to other groups using the space in the 
senior design lab, we had only a few feet of space to test. We were able to confirm 
that we could get very accurate readings from 1 to 3 feet, but our specification 
requires a range of 1 to 10 feet with an accuracy within 10 cm. For this test, we will 
have our holder built to keep a consistent position for our laser diode and camera, 
and we will take a larger section of the senior design lab so that we can test for our 
entire specified range. Our earlier test showed signs of issues when measuring at 
longer ranges, and it is possible we will have to adjust parameters of our setup or 
our calculation in order to get accurate measurements. The main goal for this test 
is to show that we can simultaneously fulfill our range and accuracy specifications, 
and then we can move on to improving our measurement rate. 	

 	

6.3.2    Reflective / Metallic Surface Test 	
Currently, the tests done for our distance sensor so far have used a white 

cardboard surface. Most surfaces should work about the same for laser 
triangulation, but we should test with surfaces that are more similar to that of a car 
to check that our image processing can still identify the laser dot. The distance 
calculation should not be effected by a different surface, but the identification of 
the laser dot could be effected. A highly reflective surface may decrease the 
amount of light that hits the camera as most of the light would be reflected at one 
angle, away from the camera. Ideally, this test would use as many surfaces as 
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possible, so that we can be absolutely sure that our image processing algorithm 
works for most situations. 	

 	

6.3.3    Laser Diode Skew Test 	
The laser diode skew test is a test that is simple but necessary for the 

distance measurement of the Smart GPA to work properly. The laser triangulation 
method used for the Smart GPA’s distance measurement is highly dependent on 
the angle of the laser light relative to the camera. For a well-made high quality laser 
diode, laser light will usually come out in a near perfect straight line from the body 
of the laser diode. However, we have no guarantees that the cheaply 
purchased HiLetGo laser diodes used in the Smart GPA will be of such quality. For 
this reason, we must measure the skew of the laser light emitted from the laser 
diode used in the Smart GPA. 	

The test will be based on simple trigonometry using the fact that laser light 
travels in a straight line. The laser diode will be clamped to the edge of an object 
with straight edges, such as a table, so that the laser diode points straight down 
the edge of the object. A surface will be placed some distance away at the end of 
the edge that the laser diode is clamped to. We will then observe the laser dot on 
the surface. If the laser dot is in line with the edge the laser diode is clamped to, 
then we can say with confidence that the laser diode has no or very little skew. If 
the dot is far from the edge, we will test the other laser diodes in the package to 
attempt to find one with very little skew to use for our distance sensor. If all of the 
laser diodes have a significant skew, we will measure the displacement of the laser 
dot from the edge where it is supposed to be, calculate the angle of its skew using 
trigonometry, and adjust the angle of the laser diode in our system to counteract 
the skew. 	

 	

6.3.4    Distance Sensor Test with Bright Lights 	
Another test that we will have to do is testing our distance sensor for an 

object with bright lights attached or nearby it. Our distance sensor works by 
locating a red laser dot on the image taken by a camera, so a bright light near the 
laser dot could wash out the image and make it significantly more difficult to locate 
the laser dot. Functionality under this circumstance is important for the Smart GPA, 
as cars pulling in will have their lights on and the lights will most likely be near 
where our distance sensor points the laser dot.  	

In order to test this, any source of bright light can work, but a convenient 
one would be the iPhone 8 flashlight as some of our team members already own 
one. The test would involve running the distance sensor as normal, with the laser 
dot pointing near the flashlight. 	

 If the image processing program is still able to locate the laser dot as 
normal, the flashlight will be moved closer and closer to the laser dot until the 
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image processing program is no longer able to identify the laser dot. Once this is 
the case, we can make adjustments to the image processing to improve its ability 
to locate the laser dot. The test will conclude if the image processing is good 
enough to locate the laser dot whenever it is visible to the human eye on the image 
taken by the camera. 	

 	

6.3.5    LED Lights Integration with Distance Sensor 	
A key component of the Smart GPA is the adjustment of the LED lighting 

with different colors or patterns based on the distance measurement performed by 
the system. We need to figure out how many LEDs we will need as well as the size 
and space we will need to create the visual display.   	

The next time we test the LEDs for the visual display, we are going to try to 
get the code from the Raspberry Pi to display the colors Red, Green, and Yellow 
on each LED. We can program the LED lights to display only those colors. 	

After we can successfully display only the colors, red, green, and yellow, 
the next step would be to figure out a way to have a specific transition in between 
those colors to be visually appealing to the viewers. 	

When we are able to successfully get the colors and transitions correct, the 
next test would be to figure out what pattern we want the lights to display. When 
discussing the display, we came up with either a block of lights or 2 arrows pointing 
towards each other with the changing of lights when the car is getting closer and 
closer. 	

 If we went with the block of lights pattern, it will have all the LEDs light up 
green, and as soon as the car gets reasonably closer it will transition to a yellow 
color in a fading way.  	

When the car is getting close to the stopping point it will go from yellow to a 
red color, but instead of transitioning smoothly into it, like how green went to yellow, 
it will flash red alerting the user to stop the car. 	

The final step of testing whether or not it will work successfully in our demo, 
is to make sure it fits in the display frame that we decide to use, as well as altering 
the code to have the colors change color based on the actual distance calculations 
found by the system. 	

 	

6.3.6    Power Verification of piDisplay and piCamera 	
This test is being done because the power consumption of 

the piCamera and piDisplay are difficult to verify. The power requirements were 
not provided to us in clear values because both are intended to be powered by the 
Raspberry Pi MCU. 	



109	
	

 As mentioned in the research, the piCamera is connected to the MCU via 
MCI port, so the power wires are mixed with the communication wires and 
makes it very difficult to isolate the power cables separately to measure the power 
consumption. One idea was to separate all the wires from the MCI port adapter on 
the piCamera to test which is the power source cable, but this idea was rejected 
as the risk of potential damage to device was too high. 	

 	

6.3.7    Laser Diode Output Power Test 	
The laser diode output power test is an important step in verifying that the 

Smart GPA meets safety standards. The higher output power a laser diode has, 
the more risk it poses to the user or anyone that meets it. The laser diodes we 
purchased, the HiLetgo red laser diodes, are specified by the manufacturer to have 
a 5 mW output power at their provided working voltage and current. However, we 
cannot blindly trust the developer, as there may be some variance in the different 
diodes included in the package, or in the way in which we are powering them. 	

To ensure that the laser diodes are safe for use, we will test them by 
powering them and pointing them directly at an optical power meter. We will then 
adjust the input voltage for the laser diode and record the voltage and current for 
many different input voltages while also recording the corresponding output power. 
This test will help us not only to ensure that we are following safety standards, but 
also to let us learn what voltage we should apply to the laser diode if we wish to 
lower the output power to improve the safety of the Smart GPA. This test is 
particularly important because the 5mW power specified by the laser diode 
provider is directly on the border between a Class 2 and a Class 3 laser, and Class 
3 lasers are considered significantly more dangerous than Class 2 lasers and are 
typically not used in home devices.  	

 	

6.3.8    Powering MCU Externally via MicroUSB 	
Throughout the testing phase of the other main components such as the 

laser diodes and LED lights, the Raspberry Pi was powered via USB connected to 
either a wall adapter or a USB port on a computer. But within the device, 
the MCU must be powered by the main power source along with the rest of the 
components. Therefore, a method must be designed to power the MCU through 
main power supply. It is known that the operating voltage for this MCU will be 5 V, 
and the current is calculated as the current consumption for all external peripherals 
connected and powered through MCU. When added up, the external peripherals 
such as the piCamera, the touchscreen display, and the GPIO pin outputs add up 
to 2.5 A if all components are powered on maximum power consumption. The 
power consumption for the MCU is then calculated as 12.5 W.  	

One of the challenges of powering the MCU independently to an external 
DC power source, is that it does not enable an overvoltage protection to 
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protect damage to the MCU. Burning out the MCU is irreversible and can cause 
major setbacks in the design and prototyping of the 
device. Therefore, incorporating an overvoltage protection is essential to preserve 
quality and performance of the overall device.  	

The voltage regulator ultimately chosen to test first was the DROK voltage 
regulator that allows a range of input voltages from 6 V – 24 V which complies 
with the input voltage the battery outputs into the voltage regulator. And an output 
voltage of 5 V, which complies with operating voltage needed to power MCU. The 
voltage regulator also includes an enable pin which enables which saves on power 
consumption. The enable pin will be enabled via 6 V battery supply bus. The 
enable pin can also shut down the output voltage. Figure 44 below shows a basic 
schematic of our voltage regulator test design. 

	 	

Figure 44: Schematic of MCU Voltage Regulator Test 	

 	

6.3.9 GUI Testing 	
Testing the GUI involves setting up the system to a point where the lights, 

camera, laser, and of course the PCB have already been configured and tested to 
behave independently. To test the GUI, a proper testing plan should be adhered 
to as shown  in Figure 45 on the next page.  	
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Figure 45: GUI Test Plan 	

Testing the GUI internal components is relatively simple. The internal 
components, including size configuration of GUI controls, color setting, login 
system, etc must each be tested individually. A GUI control such as a button can 
be used to test the settings.  	

To test color, we will verify that the color picker of the GUI can work on the 
button and the background, or change text color. To change size of the 
components, we will increase or decrease the size by dragging a portion of the 
touch display (preferably the corners of the button) in two opposite directions, 
mimicking a two-finger motion of expanding a space.  	

To test placement, we will drag the button with one finger and verify that it 
moves. This is made possible with the help of an API to access the touch display 
capabilities and linking it to the GUI.  	

Testing the GUI login and signup feature will involve the creation of a test 
user. The login is made possible with an external file located inside 
the raspbery pi’s storage. During testing and operation of the login, this file will be 
called and checked for its contents. It will store the username and password of the 
test user upon creation of the user via the signup function. We will test a correct 
combination of the username and password and verify that the GUI now displays 
account settings for that user, as well as a label with the username. We will also 
test an incorrect login attempt and verify that we are denied access to that user’s 
account.  	

Testing the connection to GUI external components is a process of 
methodical verification. Once the components are set up to work individually, the 
GUI will simply gain access to each.  	
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For the lights, they must first be powered and memory-accessed by the 
raspberry pi. The GUI can then access the python file being used to control the 
lights. As described in the LED lights integration section, the LED lights can be 
configured to shine a yellow, green or red. We will test each light individually, 
cycling through the three colors with a GUI control that will access each light one 
by one. 	

  For the camera, the GUI should be able to access the camera via 
a PiCamera command. Alternatively, because the camera should only be 
accessed during idle mode, a Linux bash script can be written to send commands 
to the terminal that will take care of starting the camera and remove any temporary 
files such as images or videos that are saved as a result of accessing the camera.  	

Finally the distance sensor itself should be tested during operation mode of 
the GUI. This will occur when the environment is all setup. In this testing 
environment, a vehicle will be operated and certain procedures will be followed. 
We will verify that the number in the operation mode window will decrease as the 
vehicle approaches the device, and increase when the vehicle moves away from 
the device. 	

An example test plan of the distance sensor is as follows. First operate the 
device close but outside the detectable range of the device. Determine where the 
maximum distance picked up the device and that shows on the GUI display. Then 
advance the car approximately one meter forward. Verify that the number in the 
GUI display has decreased by one meter. Continue approaching the distance, 
taking note of how quickly the display number changes, indicating the performance 
of the run time image processing and data calculation. If it is too slow, it should be 
updated. Approach the minimum distance detected between the distance sensor 
and the vehicle. Verify that the value is within the acceptable range of error as 
specified in the requirement specifications. Finally, back up approximately one 
meter and verify that the number on the display has increased by one meter. 	
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7   Administrative Content 	
In this chapter, we will detail the finances, budget, milestones, team 

collaboration, communication, responsibilities each team member has, and tools 
used as we experienced in Senior Design 1.  	

 	

7.1    The Team 	
 

 

My name is Jennifer Castillo and I’m studying 
Electrical Engineering with a focus on Power and 

Renewable Energy. When I graduate, I plan to study 
for the FE exam and work as an electrical engineer 

building consultant in the current firm I intern in now. 

 

 
	

		

My name is Nicholas Zollo and I’m a Photonic 
Science and Engineering Student at UCF, with side 

interests in Math and Computer Science. After 
graduating, I plan to see where life takes me and try a 
variety of career choices to develop my skills and see 

which career I truly enjoy. 

 

 

 

 

My name is Daniela Otero and I’m a Computer 
Engineering Student at UCF, with a side interest in 

Math. After graduation, I plan on pursuing a masters 
degree in Industrial Engineering while still working at 

the company I currently intern for. 
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My name is Jorge Dardon and I’m a computer 
engineering student at UCF. I enjoy programming and 

making software. After graduating, I hope to be 
working on all sorts of cool projects. 	

 	
 
7.2    Project Budget and Financing 	

Currently, the plan for our project is to be entirely self-funded, although we 
may search for sponsors in the future. As of right now, we planned on splitting the 
cost of everything four ways amongst our team members. The cost of all 
components planned to be purchased for our initial design is in Table 22 below. 
Note that some of these components may not end up being necessary for our 
design, depending on the performance of the components we already own and 
what stretch goals we decide to implement. An example of a component that we 
may not need to purchase is the red-light filter, which could be placed in front of 
our camera to help isolate the red laser dot but may be unnecessary if the laser 
dot can be easily isolated without it. 	

Item  Quantity  Price Estimate  Bought  
NEMA 3 or higher 
enclosure  

1   $50    

RGB LED Strip 
Lights  

1   $20  P  

PCBs  N/A   N/A    
Raspberry Pi  1   $50  P  
Raspberry Pi 
Camera  

1   $25  P  

Photodiodes  2   $5    
Red laser diodes  3   $5  P  
Red light filter  1   $100    
Touch Screen 
Display  

1   $15  P  

Battery  1   $20    
TOTAL  N/A   $290    

Table 22: Costs of materials 	
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7.3    Project Milestones 	
Our project milestones were established soon after our initial design of our 

Smart G.P.A. device was conceptualized. Each week we held meetings to discuss 
our research and findings and update on our progress. These milestones were 
extremely important to adhere to as we had impeding deadlines that cannot be 
pushed back at least every month we worked on this project. Table 23 below 
identifies our milestones and our progress on completing each one.  	

Date  Milestone  
09/06/19  Project Idea Approval  
09/20/19  Divide and Conquer Document  
10/04/19  Updated Divide and Conquer Document  
10/18/19  Research Components  
10/18/19  Choose and Order Components  
10/23/19  Initial Component Tests  
11/01/19  60 Page Documentation Draft  
11/09/19  Distance Sensor Test 1  
11/09/19  LED Component Test 2  
11/14/19  LED Component Test 3  
11/15/19  Estimate Power Loads for PCB  
11/15/19  100 Page Documentation Draft  
11/22/19  Create Distance Sensor Enclosure  
12/02/19  Design PCB Circuits  
12/04/19  Final 120 Page Documentation Draft  
12/11/19  Distance Sensor Fully Functional  
12/11/19  Order PCB Circuits  
12/11/19  LED Strip Lights Functional  

Table 23: Smart GPA project milestones 	

 	
7.4    Communication Tools 	

For our project to have the most success we could possibly have, 
communication amongst the team members was very important. Every member 
should be able to be reached and contacted, and responses should always be 
prompt. The following applications and methods of communication were used 
throughout the project.  	
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7.4.1    Weekly Group Meetings 	
Very early in the formation of our team, we decided that we needed to meet 

at least once per week to keep our project moving steadily. After examining 
everyone’s schedule, we found that everyone was able to attend a meeting at noon 
on Mondays. For our meeting location, we decided to reserve discussion rooms at 
the UCF Library to give us an environment fit for discussion and brainstorming. 	

It was at these meetings that we tossed around project ideas for a couple 
weeks before deciding on the Smart GPA, and the meetings have continued 
throughout the Smart GPA’s lifespan. Topics for discussion at these meetings 
include incoming deadlines, potential problems the Smart GPA may run 
into, solutions to past problems, and the planning of additional meetings and tests 
that will be run throughout the week. 	

 	

7.4.2    Group Text 	
The first method of communication that our team established, and still the 

most active, was the group text including all of our team’s 
members. The biggest convenience of the group text is that everyone gets a 
notification all the time, so compared to other communication tools such as Discord, 
it is more likely that group members will see the messages. 	

We use the group text to communicate throughout the day when we have 
questions or a comment that we want the other team members to see no matter 
what. Our team is not afraid to ask questions when we are unsure about something, 
and the group text has been vital in supporting the communication of our group, 
be it about project ideas, planning tests, or writing the Smart GPA documentation. 	

 	

7.4.3    Discord 	
Discord is used for online chatting and virtual meetings amongst users in 

the chat. Discord gives us the option to set up different channels to separate 
different topics of discussion so we can avoid confusion amongst topics. We set 
up different text channels like Idea proposals when we were first coming up with 
an idea, as well as a channel for any resources we found helpful that could help 
others in the group. 	

Discord also gave the group the option to have virtual meetings through the 
app whenever we could not all meet in person. We would all go online at a certain 
time we discussed and connect our audios from all of our computers to 
communicate with each other. 	
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7.4.4    OneNote 	
OneNote is a Microsoft application we used for gathering all our information 

in separate notes as well as being used for multi-user collaboration. Notes written 
in OneNote can be shared with other OneNote users over the Internet. One of our 
team members made a shared document and allowed the other users access to 
read, write, and edit in the shared document. 	

With OneNote, every time we had a meeting to discuss our next steps and 
testing, we would always create a new document to write down any important 
things we discussed during the meeting so we can view and remember what we 
discussed at a different time. We also had separate documents for each member 
of our team to write down individual notes we thought was important for sections 
we oversaw designing. This is a good way to always reference each other’s notes 
and progress on the project. This is especially important because every individual 
task eventually becomes dependent on another team member’s task and 
responsibilities. 	

 	

7.4.5    SharePoint 	
Share Point is a Microsoft application that is a web based collaborative 

platform where users can share and edit documents. Share point also functions as 
a storage management system that allows users to store their documents and view 
them at different times and locations and can be accessed just by getting on the 
internet and opening the Share Point invitation to edit the document.  	

We first started using Share Point when one of our users sent out the invite 
to view and edit a document that first started out as our divide and conquer that in 
turn became our Senior Design 1 report. With Share Point, every member in our 
group can see where each individual member is in the document and where they 
type live. Share Point served us like a Google Drive. This tool was convenient for 
us to collaborately work on the paper with each other versus having to combine 
separate documents together. Separate documents would have been a challenge 
since all the work we do separately is still dependent on each other’s assignments 
and responsibilities. 	

 	

7.5    Resources and Tools 	
This section will list and discuss the major tools used in this section to 

complete testing. The tools used here were used extremely often from initial 
component testing, to testing components collaboratively. These tools were 
available to us by the Senior Design Lab on UCF campus for electrical and 
computer engineering students. This equipment is expensive and without the 
Senior Design Lab, it would not have been feasible for us to test our components 
as easily. Below I will also discuss how these tools helped us and when we intend 
to phase them out each of testing. Most of the tools listed we have gained 
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familiarity throughout the years of completing experiments in lab for our courses, 
but some tools were new to us and required time dedicated to gain familiarity. 
Under their respective sections we’ll identify our level of familiarity.  	

 	

7.5.1    Keithley Triple Channel DC Power Supply 	
This DC power supply is located conveniently in the Senior Design Lab. As 

labeled in title of device, it only output DC power supply. This tool was important 
to use tin our initial components testing phase to visually be able to see the 
operating voltages and power consumption of our devices. It allowed us to change 
the output power consumed by our components to easily note the component’s 
requirements. This tool was also used throughout power testing of any component 
to voltage and power values calculated, before purchasing any separate power 
supply component for our device. All the power requirements of device until the 
very last phase of testing should be verified using this tool.  	

Our familiarity with this device is fair, as we all completed labs using this 
device in the past. Therefore, all team members were able to use this tool without 
any help from anyone else and can work alone operating this device.  	

Power cables were also provided to us to rent by the Senior Design Lab at 
no cost to us. These cables allow us to easily provide power to our breadboard 
when testing.  	

 	

7.5.2    Tektronix Digit Precision Multimeter 	
This multimeter is available for us to complete testing in the Senior Design 

lab. This tool allows us to verify values relating to the voltage drops and current 
flow between components. This tool is important to us to test with to verify that the 
values calculated and simulated virtually are matching up with the values shown 
on multimeter device. This tool also helps us when trouble shooting to verify our 
set up on the breadboard and connecting and bonding between components is 
correct. It is important to note that this device is not portable and is only located for 
our use in the Senior Design. Being aware of this constraint, reminds us of the 
limitation of only being able to measure values in our circuit from inside the Senior 
Design lab.  	

Our familiarity with this device is fair, as we all completed labs using this 
device in the past. Therefore, all team members were able to use this tool without 
any help from anyone else and can work alone operating this device. 	

Testing probes were also provided to us to rent by the Senior Design Lab 
at no cost to us. These probes allow us to easily measure values between 
components a certain distance away from the multimeter.  	
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7.5.3	   Breadboard 	
A breadboard was provided to us by the Senior Design Lab to rent at no 

cost to us. This breadboard was used to test all circuits from initial components 
testing, to final circuit designs for all components including designs for PCB board 
layout. The breadboard was easy to use and allowed us to create circuits 
calculated and simulated online by easily viewing how the circuit looks. Allowing 
us to see the circuit components easily on the breadboard allows us to 
troubleshoot better. The breadboard provided to us was also portable and light. 
Allowing us to easily transport wherever it is convenient for us to test. The 
breadboard was designed to support 22 AWG wires. Only being able to use 22 
AWG on the breadboard is also a constraint when it came to testing components 
of higher necessary amperage than 22 AWG can support.  	

Our familiarity with this tool is fair, as we all completed labs using 
breadboards in the past. Therefore, all team members were able to use this tool 
without any help from anyone else and can work alone operating this device.  	

 	

7.5.4 	   Conductors and Wires 	
Wires and conductors were self-funded by us as a team to 

obtain. Conductors and wires were used to recreate circuits from initial 
components testing, until final product manufacturing. Commonly used 
gauge copper wire size used in breadboards and MCU is 22 AWG. We used 
commonly used jumper wires with various combination of male and female heads 
as they were the easiest wires to work with. The aim was to have all 
components connected with the same gauge size to each other to ease removing 
and combining wires as needed throughout different phases of testing.  	

The conductor and wire size vary as well depending on the amount of 
current it needs to carry. For our power distribution components, this is critical, as 
the unproper wire gauge size can affect the performance of the device. Without 
the proper wire gauge size between components, the current necessary to power 
or communicate with component may not work.  The corresponding wires will be 
used between components to ensure proper performance and reduce risk of 
overheating wires [32]. Table 24 below shows various properties of the different 
sizes of wires, and what components they will be used for in the design. 	

AWG 
Gauge  

Maximum Amps 
for power transmission  

Relevant Component  

22  0.92 A  • GPIO Pins  
19  1.8 A  • LED Strip lights  
17  2.9 A  • Raspberry pi 3 Model B MCU  
15  4.7 A  • Main Power Supply  

Table 24: Conductor wire sizes 	
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7.5.4.1    Soldering 	

 	Soldering was a skill used to combine metals together using a heat iron to melt 
iron. Iron then acts as a conductor material between two metals. Soldering is not 
a skill taught to us in our undergraduate courses, but a skill learned outside of 
school. Some of our team members gained experience soldering from wanting to 
gain the experience as a personal achievement, or through various jobs and 
internships. Soldering was necessary on this project as the need to have all equal 
gauge size wires throughout all components was necessary to easily bond 
components. 	

Our group did not obtain our own soldering kit to complete the soldering 
necessary in this design. We instead used the soldering kits provided by the Senior 
Design Lab. The soldering kits used in the Senior Design lab contained two clamps 
that could be used to hold the materials being soldered together and a soldering 
iron whose temperature could be controlled from an external control module. The 
only problem with the Senior Design Lab’s soldering kit is that the sponge used to 
cool the soldering iron was extremely dry and required us to bring in a water bottle 
to wet it. Despite this, the soldering kit provided to us by the Senior Design Lab 
worked admirably for our purposes. 	
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8   Conclusion 	
The project began with one of our group members recounting an 

experience of her vehicle colliding a public garage wall while she was parking. At 
this point in our brainstorming idea phase we knew that our project needed to 
involve computer hardware to satisfy the requirements of our computer engineer 
student graduation requirement, a diversifying power distribution to satisfy out 
electrical engineering student graduation requirements, and a component 
involving photonics for out photonics engineering student. With these constraints 
in mind, the idea of a garage parking aid was created.  	

This device would include a microcontroller that would need hardware and 
software implementation to achieve controlling varying components of the device. 
Our device would also include varying inputs and outputs that would require 
varying power requirements, as well as include photo sensors that would ultimately 
make this device a unique one compared to other garage parking aids.  	

The first phase involved laying out the goals and objectives from start to 
finish, potential tasks and responsibilities of each group member, and research of 
the components and design concept. Weekly group meetings and research 
done independently led to alterations in our design and functionality of the 
device on a weekly basis. Our meetings consisted of weekly meetings of 
discussing potential features to go along with the main feature of aiding a driver 
with parking their vehicle in a tight space to design a garage parking aid unique in 
functionality. The features brainstormed included an interactive mobile 
application and/or display, motion detectors, audio and visual signals, a radio to 
entertain user, etc. Our final decision for the features were selected based off cost, 
ease of implementation, varying constraints, what the user would really benefit 
from, and complying with our graduation requirements in senior design.  	

After deciding our final features for the device, we began listing our 
specifications for our device to begin researching the appropriate materials. Every 
designer in the group had specifications applied to their task of the project 
and were tasked with as well as selecting the materials corresponding to their 
specifications. Materials to be bought were then discussed as a group to alleviate 
stress of costs, and to consult another member of the deciding factors of buying 
material. The earlier the materials were bought and obtained, the sooner testing 
can be done on the quality and performance. Once materials were bought 
and obtained, to have the cost for everything equal for everyone, we started 
splitting the cost evenly.  	

Testing phase began as soon as materials were obtained. Our individual 
tasks involved us collaborating to test components for varying qualities and 
performance. As testing was completed, our decisions of selections were 
narrowed. The risk of a material obtained testing and not working involves the loss 
of time and unexpected extra testing to be done. Testing phase though was 
integral for also gaining familiarity on the operation and functionality of the 
components to ease implementation in the design phase. 	



122	
	

Our design phase can begin as soon as testing proves that the materials 
are worth to use in the device. The design phase includes setting up the design of 
the hardware and software needed to for the components put together. Most of the 
components are considered input influencers for certain 
outputs.  Therefore, starting the design of the inputs and outputs connected to the 
microcontroller and observing the quantities of the inputs and outputs gathered is 
integral for the algorithms made.   

Our designed parking aid system will achieve in aiding drivers at home, as 
well as providing advantageous features that make this device marketable to 
homeowners and comply with our graduation requirements in senior design. We 
achieved as well in creating a unique product with the knowledge we 
learned throughout our years in engineering school.   
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Appendix B   -   Copyright Permissions 	
Raspberry Pi Official Documentation Licence: 	

	 	

The Creative Commons Attribution 4.0 International Licence linked in the above 
image states that users are free to copy and redistribute the contents, as long 
as credit is given. For all figures and tables that use this source, we identify the 
source in the figure description. 	

 	

OSHA Standards: 	
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As stated in the response above, all of OSHA’s rules and standards are in the 
public domain and may be reproduced in our paper. We included a citation to credit 
our source as requested. 	

 	

Post Guard Copyright Permission: 	
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Let’s Innovate Life Copyright Permission: 	
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Electronics Hub Copyright Permission: 	
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MAXSA Innovations Copyright Permission: 	

 	

 	

Texas Instruments Copyright Permission: 	
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HiLetgo Request for Copyright Permission: 	

		

We attempted to contact HiLetgo earlier through the online messenger on their site, 
but never got a response. 	

 	

Chamberlain Group Request for Copyright Permission: 	

		

We were told to call their customer service, which redirected us to their law 
department which is yet to respond to our voicemail asking for copyright 
permission. 	
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STKR Concepts Request for Copyright Permission: 	

		

 	

Worldsemi Request for Copyright Permission: 	

		

	


