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INTRODUCTION 

ABSTRACT 
 

The expanding market of Electric Vehicles (EVs) in cities like San Diego is gaining attention 
as concern grows over keeping the environment clean. While more and more renewable energy 
technologies are being introduced and widely adopted, there has not been the same enthusiasm 
toward purchasing and leasing Electric Vehicles. Many consumers are skeptical about making the 
switch to EVs with primary concerns being full charge distance, annual cost and performance. 
SDG&E is looking for a way to give consumers education and experience about EVs, associated 
incentives and how they could be more advantageous for saving money and have a positive 
environmental impact. A system will be designed in order to give consumers a way to learn 
about EV’s. Not only how they perform in general but how they can specifically apply to each 
individual’s situation and lifestyle. The consumer will be able to compare the EV to other types of 
vehicles so they get an unbiased view of the options available. In order to effectively get this 
information across, the system will have an interactive game component and physical small scale 
city and highway environment to make the experience entertaining and educational.   

 

PROJECT DESCRIPTION 
 

The main purpose of EVolve is to create awareness about vehicle efficiency and propose 
alternative options based on the consumer's needs. The project will be simulating a race 
between two users who select a vehicle based on a pregame mini survey. The players will have 
to complete missions throughout the race while accumulating points based on their "on the 
spot" decisions. The main goal of the game is for the driver to be as efficient as possible and not 
focus so much on speed race. The vehicle available options for the players will include: 1) 
Gasoline fueled Trucks, Sedans and SUV's. 2) Hybrid Sedans 3) Hybrid Plug-In Sedans 4) Electric 
Sedans and SUV's. 

 
The Design includes sample track, simulating the city and highway environment, 

representing individual's daily route options. There will be two vehicle options available for the 
two players competing simultaneously. Two separate touchscreen displays will be provided for the 
players while simultaneously live driving statistics and facts will be displayed on a screen to help 
the user monitor their performance. The efficiency race will be simulated over a time period of 
ten years. This will show future vehicle maintenance issues that are later likely to arise depending 
on the user’s vehicle of choice. 

 

While the user is making decisions in the game, the chosen vehicle will be navigating its 
way through the physical environment.  The cars will be able to go from the central track, which 
will represent the city, to the outer track, representing the highway.  There will be turn-off points 
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that the car will be able to access from the city track when the user chooses to pull-off for gas, to 
recharge or perform maintenance  

Detailed Hardware Description: 

 For the hardware, the design is similar to that of a model train set up, in that there will be 
a defined track and the cars will move along it without the ability to deviate from the path.  The 
system that will be used is a Faller Car System which is comprised of a streel guide wire laid 
under a faux road for the track. The car is 1:87 HO scale (2in) and has a front axle attached to a 
permanent magnet for steering and is driven by a small DC motor.  The cars will be retrofitted 
with a receiver (for speed adjustment commands) and will be uniquely colored to be scanned by 
RGB sensors around the board.  The sensors will be placed along the track so that the software 
will continuously know the location of the cars, in order to trigger events.  The cars will also have 
Hall Effect sensors to avoid accidental collisions and to stop at designated location.  The overall 
system will be coordinated by a central computer to allow for turns, intersection control, 
communication and power management.    

Detailed Game Description  

 To begin, each of the two players will utilize a LCD touch screen to select a vehicle type, 
view the vehicle specifications, and enter the graphical vehicle dashboard. The dashboard 
interface will provide the user with a view of their speedometer, fuel gauge, and battery gauge. 
In addition, the dashboard will also consist of push-buttons for selecting predefined routes that 
will engage and control the vehicles. Each of the routes starts and ends at "Home", and consists 
of routes such as "Go to Work," "Go to Store," "Go to Auto Shop," "Go to Gas Station," and "Go 
to Charge Station." 

 When both users reach the graphical dashboard interface, the game begins with each 
user being given an equal sum of money and selecting one of the various predetermined routes, 
one at a time. Each action (route) has an effect on the user’s sum of money. For example, going 
to work will increase the money of a user while getting gas will decrease the total sum. As each 
action is taken, users must pay attention to gas and/or battery levels. If gas and/or battery levels 
reach zero before a route is completed, a towing or maintenance fee will be deducted from the 
user’s sum of money. Additionally, the game will also consist of bonuses and random vehicle 
breakdowns. Bonus money can be achieved by making a certain amount of trips to work for a 
"work bonus" and also during random trips to the store for a "lottery bonus."  Random 
breakdowns will occur more or less often depending on vehicle type and will result in the need 
for a visit to the Auto Shop and a loss of money.  Overall, the objective of the game is to have the 
most money at the end of ten turns per player set up. 
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DESIGN 

BLOCK DIAGRAMS: HARDWARE 

 

Fig 2.1A Top Level Hierarchy  

 

Fig 2.1B Vehicle Hardware Block Diagram 
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BLOCK DIAGRAMS: SOFTWARE 

 

Fig 2.1C Video Game Block Diagram 

 

 

 

Fig 2.1D Game Flow Chart 
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SUPPORTING ILLUSTRATIONS: HARDWARE 

                 

 

 

 

 

 

 

 

 

Fig 2.2A Projected exterior 

design of display 

Fig, 2.2B Top View of Track 

Layout 
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SUPPORTING ILLUSTRATIONS: SOFTWARE 

 

   

 
 

  

 

 

  

 

           Fig 2.2C Welcome Screen 

    Fig 2.2D Selection of vehicle type 

                Fig 2.2E Dashboard  
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SPECIFICATION OF PERFORMANCE REQUIREMENTS 

Controllers:  

Will display buttons on the LCD with options for the user to make decisions.  

Game:  

Will be a “choose your own adventure” style game that keeps a score total. There will also be a 

race where the more cost efficient user will win. 

Main Display: 

Display game with map, car, score, analytics, and next scenario options.  

Webpage:  

Survey about average car use. Take that data and suggest a car at the end of the survey.  

The total user statistics will also be shown on the website. 

Data Transmission:  

The controllers will communicate with the game and the game will send data to the cars. 
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TESTING PROCEDURES  

Hardware 

Faller Car System:  

We will start with testing the cars PWM controlled dc motor and see what the minimum 

duty cycle required to have the car move, which will then give us the overall operating speeds.  

The turn radius of the car will be tested to ensure it can make turns without coming off the track 

of falling over. At each section of the track where there are turns, we will test a lane changing 

mechanism that is dependent of magnetic field strength to guarantee the correct lane change 

has occurred.   We will run different scenarios to confirm that the coordination done by the 

computer accurately controls the intersections when there is potential for collision. 

Battery Management:  

We will run the car at different speeds until it is out of battery to see how long the 

battery life of the car is. Subsequently the PIC microcontroller will then be added and the test 

will be repeated; this time with the microcontroller components running. Modifications will be 

made to the battery if the car fails to run for the targeted amount of time of 1.5 hours.  We will 

also run tests to make sure that when the battery is at critical charge, the car has enough time to 

get off the track no matter its location on the track.  

RGB Detector:  

The RGB detector will be tested by running various colors across the sensor, simulating a 

car running over it on the road. We will be checking to see if the sensor can accurately make a 

distinction between different colors. If a color distinction can be made, we will move forward 

with testing the sensor accuracy at various distances, speeds, lighting and positioning.  

Hall Effect Sensor:  

This sensor will be tested by running it over the magnetically induced track and 

measuring the increase of voltage through the sensor with a digital multi-meter. If the voltage 

increase is readable, we will implement it within the car as a way for the track to be aware of the 

vehicles location by triggering the RGB sensor. We will test this with a potential car collision to 

ensure the oncoming car stops before it hits the other.  The tests will also give us a minimum 

stopping distance. 
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RF Transceiver:  

Analysis of the transceiver will involve sending signals from the master microcontroller 

(STM32F4) to the vehicle microcontroller. A simple LED on/off signal will be sent initially to 

ensure communication from the master to the vehicle. Once communication has been 

established, further tests will be performed to alternate the vehicles speed.  We will probe the 

cars motor with an oscilloscope to see the duty cycle command change. 

PIC Microcontroller:  

After all of the components have been implemented into the controller, various tests will 

be performed to test the controller’s response to outside inputs, both by the environment and 

the user. Environmental influences include traffic signals, interaction with other vehicles, battery 

life, and movement. User influences will be the cars speed and direction.  

Software  

Online Survey 

Before it is uploaded onto our team website, an important aspect of testing our online 

survey will be based on data received from preliminary testers. This data will inform us whether 

or not our questions are clear/useful. Additionally, it will collect the necessary unbiased 

information we need in order to check whether or not our experimental data matches our 

theoretical data. We will also be verifying whether or not our online survey exports its collected 

data via excel spreadsheets which can later be utilized as fun facts to be displayed on our 

external display screens. 

Pre-game Survey 

Along with the online survey, we will also be creating a shorter pre-game survey that is a 

simplified version with six questions. The purpose of this shorter survey is to recommend the 

player a car based on their responses. We will test this survey by seeing whether or not our 

questions logically suggest the correct car based on their personal needs. We will also confirm 

that our survey is fully functional on our project’s stm32f746G Discovery microcontrollers that 

feature touch screens to accept a user’s inputs. 
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Video Game 

Our video game will simulate how different vehicles offer variable levels of fuel efficiency 

and long term savings to a player. It will also demonstrate the pros and cons of different vehicles 

for differing environments/situations. We will test our video game by debugging our code and 

making sure that our game runs seamlessly and independent of the hardware. We also will 

ensure through the use of preliminary testers that our game play runs smoothly and operates 

logically as we aspire to simultaneously engage and educate players on the potential savings that 

buying more fuel efficient vehicles can offer them. 

Interconnection 

Finally, in order to bring both halves of the project together, we will need to make sure 

that both halves seamlessly communicate with one another in order to confirm that our project 

has become properly integrated. In order to do so, we will need to verify that our software 

correctly instructs the microcontrollers to output the necessary voltages in order to operate our 

external model of the game. The microcontroller communication will also need to be monitored 

so that speed information is known at all times for both the game and navigating the course, 

which will be checked by varying the speeds and checking it against the speed information in 

software. We also will need to ensure that our microcontroller is receiving the proper input 

signals from our sensors located all though out the model. We will need to make sure that the 

computer is accurately detecting the cars location via RGB sensors along the track.  Any time a 

lane change is made the software should reflect this, and by running the car around the track, 

we will be able to see real-time whether the location information is accurate.   
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PROJECT MANAGEMENT   

PROJECT PLAN 

The design and development of the SDG&E project will consist of two teams broken into a 

hardware and software component. 

Hardware Team: 

The hardware team is comprised of eight different engineers and will be responsible of the 

following aspects of the board: 

1. Sensor Networks   

2. Car positioning 

3. Master Micro-controller 

4. Governing mini-ITX computer 

5. Speed Control of the EVs 

6. Track 

7. Physical Environment 

8. Wireless communication between the master micro-controller and the EVs 

 Software Team: 

The software team will consist of eight engineers and will be responsible for the developing and 

integrating the follow components: 

1. User input 

2. Game  

3. Electric vehicle consumer research 

4. GUI and display graphics 
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GANTT CHART: HARDWARE 
 

 

GANTT CHART: SOFTWARE 
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MILESTONES 

 

 

COST ANALYSIS 

BUDGET 
The following list the necessary parts and the approximate cost of each individual part. 
 

 

OTHER 

PROMOTIONAL FLYER (SEE NEXT PAGE) 

$200 

$300 

$600 

$100 
$100 $300 

$200 

$300 

$300 

$300 

EVolve Budget and Cost Analysis

Faller Car System Car Components Mini-ITX

Touch Screen User Interface 3D Printing 3'X2' Display Case

Internal Power Circuitry Environment Microcontrollers Sensor Networks

Miscellaneous

Task Date Milestone Requirements 

28 Tue 

3/22/16 

All Subsystems first iteration designs 
completed 

Subsystems have prototype designs 
completed at schematic level 

29 Thu 

3/31/16 

Hardware System Level tasks operational 
(standalone) 

All subsystems have completed the 
proof of concept, feasibility phase 

30 Fri 

4/8/16 

Demo Display (including power supply) built Enclosure with power supply system 
completely assembled 

31 Fri 

4/15/16 

All Hardware fully functional and >50% 
interoperable 

All subsystems working with more than 
50% interoperability functionality 

32 Mon 
4/25/16 

Hardware is fully interoperable between 
devices. Hardware and Software integration 
>90% 

Entire system is operational with the 
exception of possible minor issues 
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   In an effort to promote electric vehicles (EVs), join      

  San Diego State University’s engineering team  

  EVolve  for an exciting racing challenge simulation  

  between electric, hybrid, hybrid plug-in and gasoline    

  vehicles. In  pursuance of proving electric vehicles   

  victorious in different environments.  

TEAM EVOLVE 
             Hardware                                    Software 

  Sam Bustillos                 Leslie Macauly                  Zachary Brody                 Leonardo Muro                               

  Andrew Ingle                 Justin Mifflin                   Patrick Casilang               Antonio Nevarez 

  Asma Khan                     Ian Stuart                       Izzy Jimenez                     Plamen Vasilev  

  Jonathan Lobue             Miranda Turner               Daniel Marsden                Jeremy Villena 
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