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1 Executive Summary 
 
smartPARK will be an intelligent and innovative system that enhances the way 
drivers find a parking spot in an efficient and cost effective manner. The 
smartPARK system has been designed to help the millions of drivers around the 
world in an innovative way that has yet to become successful. Giving the user the 
ability to find a parking lot within minutes of arriving at your destination, allowing 
the user to view statistics and parking probabilities as well as monitoring your 
vehicle are just some of the features and options that will become available with 
the first release of the smartPARK system. There are over one hundred and fifty 
million people in the United States who own smartphones, and our plan is to let 
all of them have access to the wealth of information gathered with the 
smartPARK system.  Some parking lots or garages will also have the option of an 
LCD screen with either a keypad or touchscreen display where drivers can view 
parking lot details and even reserve a parking lot location. 
 
Within smartPARK there are several objectives that expect to be met for this 
project. These objectives include having a mobile application to ease the hassle 
of finding a parking spot in crowded, clustered areas. smartPARK will first set out 
on the campus of the University of Central Florida, to help students find parking 
easier and quicker. This will cut down commute times and lessen stress for those 
involved. smartPARK will be a more efficient substitute to the random circling that 
happens in most parking garages and lots around the campus. smartPARK’s 
cameras will be highly calibrated to determine when any individual parking spot is 
empty or full. smartPARK’s reservation system will allow for a more orderly 
distribution of vehicles to cut down on the number of accidents occurring in the 
parking garages. The video from the cameras, which can monitor at least 8 
spaces at a time, are required to send video over Wi-Fi to the micro controller 
that will communicate with the server. This server and database will be accessed 
through the mobile application on the user’s mobile device.  
 
The smartPARK hardware design uses an NTSC rated wireless IP camera, the 
Foscam FI8905W Outdoor Wireless IP camera, to monitor a grouping of parking 
locations. Through a Wi-Fi connection the Server receives the video data and 
extracts frames from the video stream. The extracted images from the video 
stream are then converted to gray scale and compared with a base image, or 
calibration image, of an empty parking lot. Using object detection techniques the 
parking locations are determined to be empty, case '0', or occupied, case '1.' This 
data is used by the MySQL database to create an analytic model of the parking 
lot using three cases for each parking location. Case '0' represent an unoccupied 
space, case '1' represent an occupied space and case '2' represents a space 
which has been reserved for parking. The data located in the database is 
accessible by the smartPARK mobile application, computer vision program and 
the Atmel Atmega328 processor.  
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Figure:  1 Complete System Block Diagram 

The smartPARK system’s main purpose is to give the user power when it comes 
to parking. Allowing them to view the parking statistics, select their spots and 
other information regarding the parking garage all from the palm of their hands. 
The smartPARK system will be designed and implemented to function with the 
Android Mobile platform. The Android device application will be created using the 
Eclipse program along with the Android Software Development Kit. The 
foundation of the program will be written in Java and with the help of the Android 
SDK to translate the program to the Android platform.  
 
The LCD monitor display located near the entrance of the parking lot will display 
the Map portion of the Android application driven by an Android device. Located 
underneath the LCD monitor is a 12-button keypad with a 20x2 character LCD 
screen. Both keypad and the 20x2 LCD screen will be driven by an Atmel 
Atmega328 processor. The keypad device will allow the user to reserve a parking 
space over the Wi-Fi Connection. 
 
smartPARK will be powered through conventional means and will for the most 
part be required to be plugged into an outlet. The camera sensor under normal 
operations will be A/C powered but under power outages will be capable of 
running in emergency mode on battery. This battery will be charged by a 
photovoltaic cell powered by the sunlight. 
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2 Project Description  
2.1	  Motivation	  
 
With over sixty thousand students the University of Central Florida is the Second 
largest school in the United States by enrollment. Unfortunately, we provide less 
than half of that number in parking spots leading to students wasting countless 
hours searching for parking throughout the semester. Thus causing congestion 
on the roads and in the parking garages, which often leads to students arriving 
late for class. The green permits parking locations are designated for student 
use. Currently, there are 27,295 green permit holders and only 12,500 parking 
spots for them. There are two ways of solving this issue and still maintaining the 
amount of students enrolled. The school could build more parking garages which 
will take time and large amounts of money or the second, and possibly the 
smarter, option would be to implement a parking system that allows the drivers to 
safely and securely locate a convenient parking location. 

 
2.2	  Goals	  and	  Objectives	  
	  
smartPARK will be a user-friendly mobile application, which provides drivers with 
information regarding their destination’s parking facilities. For the first phase of 
the application the user will be able to view statistics regarding there parking 
location, average distance from their classroom destination and open/taken 
parking locations on an integrated map. The proceeding phases will upgrade the 
existing graphical user interface and add the ability to monitor parking location 
from mobile application through a live stream. 
 
smartPARK’s will use a series of cameras with wide-angle lenses, strategically 
located to provide clear visibility of the individual parking spots in several 
designated lots. Each individual parking spot will contain a rectangular light 
colored square, which represent its availability. The sensor, a camera, will 
provide a live feed to a remote server running an application to determine the 
space’s availability. With that data smartPARK will keep track of parking space 
availability and forward that information to the end user’s mobile device for 
display and further analysis. 
 
To properly achieve everything this project sets out there must be milestones 
along the way. These milestones coerce the team to a smooth project completion 
on the final deadline. This Table 2.2.1 shows the project milestones for both 
Senior Design 1 and Senior Design 2, which are yet to be completed. 
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Table 2.2.1 : Milestones 

Event Estimated Completion 
Time 

Senior Design 1 (Spring 2014)  

Proposal/Specs and Requirements January 30th 

Divide Responsibilities 1st week of February 

Begin Research February 

Begin Writing February 

Table of Contents Due March 11th 

Write up of Sensor Node Research March 

Write up of Wireless Protocol Research March 

Rough Draft Document Due April 10th 

Pick Parts based on Research April 

Final Draft Completed April 

Submit Documentation April 29th 

Senior Design 2 (Summer 2014)  

Finalize Parts Accusation May 14th 

Review Java and C programs May 

Start coding May 

Implement sensor node June 

Implement server and UI June 

Test and error checking July 

Finishing design July 

Revise Documentation July 
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2.3	  Project	  Requirements	  and	  Specifications	  
 
2.3.1 Power & Sensors 
	  
An important aspect of the sensor is for the ability to work both in daytime and 
nighttime conditions. At UCF there is always the possibility of parking being a 
problem of course during the day while classes are in session but also in night for 
special events such as basketball or football games. For this reason, the sensor 
for smartPARK will be operational at all times. Additionally, the sensor should be 
weatherproofed for the unpredictable Orlando climate. Keeping the sensors small 
and compact will be ideal for these conditions to be met.  Once a sensor, 
microcontroller and Wi-Fi module is selected that meets our requirements 
smartPARK’s power system will be designed to support these requirements.  

2.3.2 Mobile Application – Android 
	  
The user will be able to access smartPARK via a mobile application, which will 
initially be implemented for Android devices. The smartPARK mobile application 
will provide a simple GUI, which will allow users to select their desired parking 
location, view a photo of the lot as well as a map. Both the map and photo mode 
will clearly show the spaces located in the parking lot displayed with a color, 
which would signify their availability status. Statistical information will be also 
displayed for the user, which will include the occupancy of each parking lot as 
well as the average use of each parking spot. As smartPARK develops, features 
will be added to the mobile application that will improve the way we park. 

 
	  

2.3.3 Microcontroller & Server 
	  
Using an image sensor the microcontroller will pass the video stream produced, 
by the video sensor, through Wi-Fi to our server. The server will then capture an 
image from the video stream at a rate of two frames per second. This image is 
then analyzed to determine whether the parking space is open or closed. This 
information will then imported into our database and relayed to the Android 
application for further use and analysis. 

2.3.4 Display & Keypad 
	  
Using a LCD monitor the map portion of the Android application will be displayed 
above a microcontroller driven keypad and small LCD. When the user arrives the 
LCD located on the keypad will prompt the user to select an open parking 
location on the LCD monitor. Once the user’s parking spot is selected the 
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microcontroller will update the database with a ‘reserved case’ timer for the next 
45 seconds through a Wi-Fi network. The LCD monitor located above the keypad 
will display the selected reserved parking spot in the color blue.  

	  
2.4	  Budget	  
	  

2.4.1 Budget Description 
	  

The smartPARK system makes a perfect senior design project since it is a good 
mixture of both hardware and software. Depending on the software used, the 
cost of the programming portion of the system is usually very inexpensive and for 
the most part free of charge. The real discussion of funding comes into play with 
the topic of hardware. Most of the hardware used in the system are items that 
need to be purchased including but not limited to the Microcontrollers, the sensor 
modules (IP Camera) , solar panels, Android tablet, LCD Monitor and battery 
power bank. A detailed part cost description can be found in figure 2.4.2. 
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2.4.2 Detailed Part Cost Description 
 

Qty Parts  Description Cost Total 
Cost 

2 Microcontrollers  Atmel 
ATMEGA328P 

$24.99 $49.98 

1  Internet Protocol 
Camera 

Foscam FI8904W $99.99 $99.99 

1 Microcontroller Wi-Fi 
Modules 

CC3000 $39.99 $39.99 

1 LCD for Keypad 20x4 Character  $29.99 $29.99 

2 Battery  8Ah $29.99 $59.98 

1 Server Existing PC $0.00 $0.00 

2 Printed Circuit Board Keypad and MCUs $177.00 $354.00 

1 Misc. Other Parts $102.07 $102.07 

 Final   $736.00 
 
	  

2.4.3 Funding 
 
Original calculations were made that the final total price for all of the materials 
found in Figure 2.4.2 was $688.90. Due to the fact that the team members were 
full time students with limited funds, several funding proposals were submitted 
requesting assistance with the smartPARK project. A written proposal was sent 
to the Boeing Company requesting for funds in the sum of the total amount. 
Boeing granted the team a total of $485.91, which will be a great assistance to 
the completion of the project. The team also entered the Texas Instruments 
Innovation Challenge, which awarded the team a sum of $200 to use via the 
Texas Instruments online store. The team wills intent to restrict their budget to 
the sum of the total awards granted, but definitely not go over originally 
calculated amount. If the total costs exceed the amount of awards granted, the 
team will evenly divide the excess cost in three equal parts. Team DMV were 
awarded 2nd place in the Electrical Engineering/Computer Engineering Senior 
Design Pitch Competition held at The Center for Entrepreneurial Leadership 
room. This event was sponsored by and put on by Herb Gingold, Tommy 
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Bennett, Phil Dumas, Cameron Ford, and Oscar Rodriguez. The prize for second 
place was $500 along with crucial experience that comes with competing in a 
pitch challenge. This extra $500 will be split evenly among the members of team 
DMV and is available for use in Senior Design II if need be.  
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3 Research 
 

3.1	  Similar	  Projects	  
 

3.1.1 ParkSense- UCF Spring 2010 
 
This project used an Ethernet ready camera and then transmitted their video 
stream wirelessly through a Xbee module to their image processing software. 
Using that data they created a website featuring a GUI that displayed the 
availability of parking spaces, as displayed in figure 3.1.1. This websites 
information was then displayed on an LCD monitor for the user to take advantage 
of when they enter the parking lot.   

 
Figure 3.1.1. -ParkSense flow chart 

 

3.1.2. Similar Project 2: POLYPARKING – Spring 2013  
 
For this project the CalPoly engineering students installed a combination of 
magnetometers and ultrasonic sensors at the entrance of a college parking 
facility to monitor parking lot usage. They created a structure to house their 
sensors above ground and used the sensor array to identify when a car enters 
and exits the lot. In order to track this information they employed an algorithm 
that only registers a positive reading if both sensors are triggered in the proper 
order. When a vehicle enters the lot Sensor A has to be triggered followed by 
Sensor B, if just one sensor is triggered the algorithm ignores the input. Likewise 
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when a vehicle is exiting the parking structure it must trigger the sensors in the 
opposite order to register. The sensor data would be passed to a Raspberry Pi's 
and then sent through Wi-Fi to their server located on the CalPoly campus. Once 
received, the data would be placed into their database for further analysis. The 
user end application for their design would be a web-based application that 
keeps a near real time tally of the parking spaces available in each parking lot 
and would allow the user to watch multiple parking lots at the same time. 
Because this design relied on only measuring the input/output point for each 
parking structure the group was concerned that drivers would enter the lots 
through non-conventional means, such as driving over the grass. The project 
was tested by a group of thirty students who regularly used the parking facilities 
at CalPoly.  
 

3.2	  Relevant	  Technologies	  
	  

3.2.1 Sensor 
	  

3.2.1.1 Camera Sensor 
Using a camera as a sensor would provide the user with the functionality of 
monitoring the parking lot both analytically and visually. smartPARK users would 
not only be able to check the status of the parking spot before parking but also 
have the ability to check the location of their car and monitor their vehicle after 
parking by checking the live video feed of their parking space. The analytical 
representation of the parking lot can be achieved through real time image 
processing software. The visual representation of the parking space can be 
provided by relaying the user a single frame of the video stream once every thirty 
seconds. This image can be the same image used by the image processing 
software to determine parking space availability. 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
Figure 3.2.3.1.1. -Ideal Overhead View of Parking Lot 
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To monitor a parking lot the camera must be placed somewhere with a clear line 
of vision of all the parking locations that will be incorporated into the system. A 
good example of this camera output is displayed in figure 3.2.3.1.1. To ensure 
that the camera's line of vision is never blocked, under normal conditions, the 
camera will need to be mounted in an overhead position far above the height of 
all vehicles expected to use these spaces.  
 
The smartPARK's scaled design will only require a single camera to monitor four 
parking locations. There are several viable options for completing this task; a 
standard commercially available webcam to provide a live video stream to the 
server, a serial JPEG camera which provides a single image per-designated time 
period through a microcontroller, a CMOS camera which provides a live video 
stream through a microprocessor board, or using a retail internet protocol camera 
which provides a live video stream to the server. 
  
Once the video is produced by one of these sources the device will relay the 
video stream back to the server for processing. A single frame of that data will be 
extracted and analyzed using image processing software, which can determine 
whether or not each parking space is available. This is achieved by identifying a 
change in the pixel intensity value for a parking location indicating that the spot's 
status has been altered. Once each location’s availability is determined that 
information is sent to the smartPARK database.  
 
Another potential benefit of using an image processing identification system 
would be its easy integration into pre-established CCTV security systems. Using 
smartPARK's software bundle an established security system can add parking 
location monitoring functionality, assuming camera placement is acceptable, for 
very little cost and no added hardware.  
 

3.2.1.2 Magnetometer Sensor 
  
The second type of sensor that is being looked at is the magnetometer. 
Magnetometers detect changes in magnetic fields, and are calibrated on the 
Earth’s natural magnetic field. For this reason, any change in magnetic field near 
the sensor will result in a different reading. The two main types of 
magnetometers are scalar and vector, the former giving readings for magnitudes 
of magnetic fields while vector sensors give information about direction in relation 
to the device’s orientation. Since our device is stationary a vector sensor is most 
likely unnecessary.  The introduction of a vehicle near the sensor will cause 
detection. Magnetometers are already used in many traffic-sensing situations.  
 
A key advantage of the magnetometer lies within its recent popularization being 
embedded into smartphones. The Apple iPhone and many other devices have 
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led to the price of the magnetometer to fall under $1. This price efficiency 
combined with the broad knowledge of the device, which stems from having 
many uses and many applications, allows for strong consideration in this project. 
 
This device also allows for less error checking on the part of the system. With the 
camera sensor, things other than cars can act as a full space such as groups of 
people walking over a spot. This could alter the object reading and thus give us a 
false result. The magnetometer will not be set off by anything other than a vehicle 
when calibrated correctly. People walking over spots would not be a problem.  
 
In addition to being economical and easy to use, the magnetometer is also small. 
This allows the sensor to be placed in compact, durable housings that allows 
easier retrofitting of parking garages or lots. An example being looked at is 
roughly 0.7x0.7” or 17x17mm which would easily be implemented into a small 
fixture.  
 
Finally, the magnetometer excels on the technical design aspect as well. An 
example sensor has low voltage as well as minimal current draw and can fit 
within the “low power” objective of the project. The voltage operations are 
between 2.16V and 3.6V while the current consumption is 100µm.  
Shown in figure 3.2.1.2 is the complete design of using a magnetometer for 
smartPARK. The hardware and software sides must be considered and the 
connection between aspects of the project is outlined here.  
  
 
Features of the magnetometer include: 
  
·      3-Axis magneto resistive sensor 
·      Low Noise AMR Sensor (2 milli-gauss Field Resolution in ±8 Gauss Fields 
·      Self Test 
·      I2C Digital Interface 
·      Wide Magnetic Field Range (+/- 8 Oe)  
·      160Hz Max Output 
·      1° to 2° Compass Heading Accuracy  
·      Battery Power Compatible  

Figure 3.2.1.2 
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Figure 3.2.1.2 Magnetometer Flowchart Considerations 

 

3.2.1.3 Infra-Red Sensor 
Infrared sensors being considered for this application are considered passive 
infrared sensors, PIR sensor for short. These sensors would be short-range PIR 
sensors with a narrow beam to be placed in front of the parking spot, facing the 
car. PIR sensors read the amount of IR light that an object emits; cars in a 
parking spot would be beyond the threshold set by an empty spot’s reference.  A 
diagram of how an average PIR sensor works is shown in Figure 3.2.1.3. The 
reasons why this sensor considered include energy efficiency, ease of 
installation, and affordability but are held back by accuracy and false readings. 
  

 
Figure 3.2.1.3 Flowchart of PIR Sensor 
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Firstly, the PIR sensor is extremely energy efficient with needing less than 10V 
supplied to the sensor for only short amounts of time that it would be pulsed to 
check for a change in the spots condition. This allows for cheap batteries and 
solar systems to be used to supply the sensor with minimal power needed for 
operation. It also means that for a parking lot or garage that needs to be 
converted, this system doesn’t require a preexisting power solution. 
  
Next, as mentioned before with the power system, a PIR sensor provides relative 
ease of installation compared with other sensors considered. The sensor would 
be housed in front of the car in a sensor node and should be out of the way from 
harm of being damaged by the vehicle or any civilians. This sensor also allows 
for retrofitting an already established parking garage with ease and with not any 
more cost than if built into a new garage or lot to begin with.   
  
The affordability of implementing this system goes hand in hand with the 
affordability of the sensor itself. The sensor with protective lens can be 
purchased for roughly 2$ which is well within the budget but also competitive with 
other sensor solutions like cameras whose implementation costs reflect larger 
than one spot at a time but can be divided down to a per spot price. 
 
When considering the infrared sensor, the placement of the sensor deserves 
thorough research behind it. The width of the beam and the distance measured 
are inherent to each individual sensor. The logarithmic output of the range of the 
sensor is crucial to understanding the output. Having just one sensor in the 
middle of a space could possibly miss a motorcycle, or a small car parking too far 
from the sensor might not give a reading. These issues could be solved if more 
than one sensor was used. For example, two sensors at the front corners of the 
parking space aimed to the opposite corner of the space would help. However, 
this doubles the amount of sensors needed to install and also raises the issue of 
the sensors talking to each other in real time so that accurate predictions about 
whether the spot is open or closed can be made.  
 
Another option for a single sensor setup would be for a sensor to be connected 
to a servomotor in the front center of the parking spot and to scan for changes in 
IR light with reference to the initial frame. This option, however, adds complexity 
with an understand of mechanical motors. This option also takes away from one 
of the main positives about using PIR sensors, which is durability. Inevitably the 
motor would fail and more maintenance would be needed to fix the servo 
controlled PIR than a simple flush mounted PIR node. For these complications it 
was decided that the best PIR sensor setup was one that included just a single 
sensor calibrated correctly to look directly down the length of the spot and 
measure IR light from the automobile that way. 
  
While this sensor has many positives it is not without it’s concerns. Since a PIR 
sensor detects IR light being reflected by any object compared to a reference 
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empty spot, there is the obvious concern that objects other than automobiles will 
set off the sensor and give a false reading. Pedestrians walking in front of the 
sensor, if timed correctly, could tell smartPARK that the space is taken. This is an 
obvious problem for our database and mobile application as it could keep drivers 
from using a certain lot when really there are open spots. This is especially 
concerning at UCF where students walking through garages and lots are so 
frequent that there’s a good chance people will be falsely reported as parked 
cars. Another concern, is that since IR light and heat are so closely tied, the heat 
of a freshly parked car is in a sense what is telling the sensor there is a car 
parked there. In some garages around campus and in some lots overnight 
parking is a real and definite possibility. These long term parked cars’ heat 
signature will have diminished so much over time that there will be accuracy 
issues in knowing the difference between a “cold” car and an empty reference 
spot. It’s because of these concerns that the PIR sensor is rejected as an option 
for smartPARK.  
 

3.2.2 Camera Technologies  
 
3.2.2.1 Webcam 
 
A standard webcam could be placed in order to monitor the parking locations. 
This would provide a live uncompressed video feed to the server but it would 
require an unachievable bandwidth to transmit the signal back to the server 
wirelessly. Another option would be having the webcam hardwired to a local 
computer, which would compress the video stream or even perform the image 
processing locally and only transmit screenshots and the data to be placed in the 
database. This option, however, becomes less viable when considering the 
power demands of running both the webcam and computer for image processing 
locally and the requirements for weather proof housing something the size of all 
the components. Table 3.2.2.1. lists the relevant attributes of the Logitech C270. 

 
Component Make /Model Logitech C270 Webcam 
Resolution 1280 x 720 
Operating System Windows XP 
Processor 2.4 GHz Intel Core 2 Duo 
Memory 2GB 
Input Output USB 2.0 Port 
Upload Speed 1 Mbps 
Cost < $25 

Table 3.2.2.1: Logitech C270 Webcam  
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3.2.2.2 Microcontroller Camera- (Atmega328 – TTL Serial JPEG 
Camera) 

	  
Figure 3.2.2.1.2 Atmel ATmega328P TTL camera Hardware Flowchart 

 
 
Using a microcontroller to transmit the signal produced by a TTL serial JPEG 
camera wirelessly to the server is another option. The TTL serial JPEG camera 
module takes a single photo, which it compresses on chip into a small JPEG, file 
and then transmits that file to the Microcontroller. The Microcontroller then sends 
the JPEG file to the server using a Wi-Fi shield. This option's potential drawback 
is speed, price and image size. The camera is only able to take NTSC standard 
size photo, which provides a lower resolution than the other considered options. 
The ability to only transmit a single photo approximately every 30 seconds over 
Wi-Fi is another serious flaw. The component's needed to create this design, 
shown in figure 3.2.2.1.2 and described in table 3.2.2.2., will also need to be 
placed in a weatherproof casing without affecting both the Wi-Fi transmission and 
the quality of the video produced.  
 

Table 3.2.2.2 

TTL Serial JPEG Camera Atmel - Atmega328 CC3000 Wi-Fi Shield  
640x480 -  160x120 8-bit Data Bus 802.11b/g 
5V 20Mhz 5V  
 1.8V- 5.5V  
$54.95 $35 $39.00 
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3.2.2.3 Microprocessor Camera 
	  

The Raspberry Pi camera provides a high quality video camera capable of 
capturing 1080p video at 30 frames per second. The Raspberry PI is then 
capable of sending JPEG still images, MPEG4 video, or raw frames of the video 
over a Wi-Fi module. For the smartPARK services all that will be needed for 
proper operation is a single frame of video per-second taken from the video 
stream and then encoded as a JPEG file. Another potential benefit of using as 
powerful a device as the Raspberry pi for image acquisition is the ability to 
perform our image analysis on the Raspberry Pi itself. If this was achieved the 
Raspberry PI would then only transmit the information to be stored in the 
database and screenshots to the server. The potential drawbacks of the 
Raspberry PI Wi-Fi Camera Design is its price, basic design and the need to be 
placed in a weatherproof casing without affecting both the Wi-Fi transmission and 
the quality of the video produced. All components needed and their attributes are 
listed in table 3.2.2.3.  
 

Table 3.2.2.3 

Raspberry Pi Mini-Wi-Fi Module  Raspberry Pi Camera 

512MB RAM 802.11b/g/n 1080p & 720p 

700Mhz  Stills 2592x1944 

$39.95 $11.95 $29.95 

5V/700mA   
 
 

3.2.2.4 Wi-Fi IP Camera 
 
Wireless Internet protocol cameras transmit pre-encoded video streams through 
Wi-Fi that will be accessible by any computer with an Internet connection. The IP 
camera's suitable for smartPARK's application will need to produce a high quality 
video stream, transmit wirelessly and have a weatherproof housing. IP camera's 
are often used for security systems and often feature night-vision using IR-LED 
illumination, motion detectors and live feeds to other Internet enabled devices 
such as Android phones. The biggest drawback of using an IP camera is the 
potential cost but as smartPARK's scaled design only requires one camera and 
many parking lots have pre-existing security camera systems it's still a viable 
choice. Table 3.2.2.4. compares three fairly common IP cameras.  
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Table 3.2.2.4 

Foscam FI8904W Outdoor 
Wireless IP Camera 

Y-Cam Wireless HD 
1080p Video Camera 

Foscam FI9805W 

640x480  1080p 1280x960 
802.11b/g  802.11b/g 802.11b/g/n 
24 IR LEDs/ Night Vision Night Vision 36 IR LEDs/ Night Vision 

20m 
Remote Internet Viewing  Remote Internet Viewing 
Weather Proof Housing Weather Proof Housing Weather Proof Housing 
$91.99 Amazon $498.00 Amazon $199.99 
DC Power Supply 5V  DC Power Supply 12V 
H.264 Compression  H.264 Compression 

 
 
Each system provides a graphical user interface for the user to access while on 
both a PC or a mobile device. This benefits smartPARK's design as the system 
will be both accessing the stream for image analysis and displaying a live feed 
for the user's mobile application.  
 
 

3.2.2.5. Comparison 
While all of these options have their strengths smartPARK's design requires a 
very specific set of attributes to fulfill the design's needs as its only sensor. All the 
devises are compared in table 3.2.2.5. The camera must be able to stream at 
least two frames of video per second over a wireless connection; this 
requirement removes the both the Webcam and Microcontroller camera as 
feasible options for the smartPARK design.  
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Table 3.2.2.5 

Type 
 
 

Webcam Microcontroller Microcomputer Wireless IP 
Camera 

Model Logitech 
C270 

Atmega328P,
TTL Camera & 
Wi-Fi 

Raspberry Pi, 
Camera & Wi-
Fi 

Foscam 
FI8904W 
Outdoor IP 
Camera 

Resolution 1280X720 640x480 1080x1920 640x480 

Connection Wired Wireless Wireless Wireless 

Speed 30 frames 
per sec 

1 frame per 30 
sec 

30 frames per 
sec 

30 frames per 
sec 

Price~ $30.00 $130.00 $100.00+ $90.00 
 
 
 
The final two options are the Microcomputer Camera and the IP camera. The 
Microcomputer Camera features a higher resolution but requires the use of three 
separate components for the design and would require designing or purchasing 
of a weather proof casing in order to use the device outdoors and provides no 
support for low light infrared LED imaging.  The Foscam FI8904W is ideal in this 
regard as it was designed for outdoor use and features 24 infrared LED lights for 
low light imaging. The wireless Internet protocol camera provides the best price, 
functionality, build and the lowest price when compared with the comparable 
products that meet smartPARK's requirements.  
 

3.2.3 Parking Lot Display & Keypad 
This project will feature a display device located by the entrance to the parking lot 
or garage. This display device needs to display the parking lot availability through 
the use of a basic graphical representation of the parking lot. An overhead map 
of the parking lot would feature each parking location being monitored and each 
location will be color coded to represent their availability. A green rectangle will 
represent an open space and a red rectangle will represent a reserved or 
occupied space as show in figure 3.2.3.  
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Figure 3.2.3: Example Parking Map  

 
 

3.2.3.1 Cathode Ray Tube 
The cathode ray tube is a vacuum tube based fluorescent screen monitor that 
was once the most popular display type for both computer monitors and 
television screens. They feature a high contrast ratio, accurate color display, no 
input lag and have an excellent range of viewing angles. They are also highly 
resistant to temperature change and can operate normally under very high and 
low temperatures without causing damage to the display. However, due to their 
large size and weight, placing them is far more difficult; Cathode Ray Tube's 
power consumption is up ten times greater than its leading competitor the Liquid 
Crystal Display for similar sized displays depending on the LCD's backlight. A 
seventeen through twenty-one inch CRT computer monitor driven by VGA/SVGA 
input would be applicable for this project but not ideal.  

3.2.3.2 LCD Monitor 
Another option for addressing this task would be through the use of a standard 
thin film transistor liquid crystal display thin panel computer monitor. These TFT-
LCD monitors are compact, light and consume much less power than their 
competitor in the cathode ray tube. The LCD provides a sharper video at its 
native resolution than the CRT but suffers from slightly less accurate color 
display. These attributes would be ideal for smartPARK because the monitor 
would be placed in a small enclosure next to the entrance of the parking lot. LCD 
monitors normally range from twelve inches to thirty-two inches and can be 
obtained in many aspect ratios including 4:3, 16:10 and 5:4. The mobile 
application's graphical user interface would drive the LCD through a HDMI or DVI 
connection. The mobile device would receive the parking status updates through 
Wi-Fi and then display the information through the HDMI or DVI connection on 
the TFT-LCD monitor, much like it is show in figure 3.2.4.2.  
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Figure 3.2.4.2: A TFT-LCD Monitor displaying the smartPARK Satellite Map 

 

3.2.3.3. Microcontroller 
smartPARK's keypad device will be driven by a microcontroller. The 
requirements for this device are low power consumption, compatibility with a 
large LCD screen, open ports for the keypad buttons and the ability to send 
information over a Wi-Fi connection. Both the TI MSP430 and the Atmel Atmega 
328P are capable of driving everything required with the use of the CC3000 Wi-Fi 
module and a four by twenty character LCD screen. A comparison of the two 
microcontrollers is located in table 3.2.3.3. 
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Table 3.2.3.3 

Microcontroller TI MSP430-G2553 Atmel Atmega328P 

Architecture 16-Bit 8-Bit 

Clock 8MHz-16MHz ext.  16MHz 

Volts 3.3V 5V 

LCD 2 x 16 - 4 x 20 
characters 

2 x 16 – 4 x 20 
characters 

Wi-Fi CC3000 CC3000 

Flash 16KB 32KB 

PINs 28 20 

RAM 2KB 512B 

PWM Pins 6 3 

Total Price w/ LCD/Wi-Fi $70.00 $75.00 

 
3.2.3.4. 20x4 LCD 
	  

 
Figure3.2.3.4 4x20 LCD  

 
 
For smartPARK's display located on the keypad a four row LCD with twenty 
characters on each line will be used to interact with the user when they enter the 
parking lot. The keypad display will need to display a short series of questions, 



	  

	   	   	  
	  

	   	   	  23 

responses and user input. “Would you like to reserve a parking spot? Yes,” 
“Thank you, which spot number? ##,” and “Thank you, spot ## has been 
reserved for the next minute” will need to be displayed at different times during its 
use.  That's a maximum requirement of fifty-six characters, shown in figure 
3.2.3.4, that need to be displayed on screen at the same time, which eliminates 
the smaller LCD’s of two by sixteen characters as they only provide thirty 
characters on screen at a time. The four by twenty character display exceeds the 
character number requirements comfortably, which allows for easy formatting of 
the text, yet still remains small enough to use in the keypad design.  
 

3.2.3.5. Keypad 
	  

The Keypad portion of the design will hold twelve push buttons, or tactile 
switches, for the numbers 0-9 and both an enter and cancel button. The button 
layout will feature three buttons on each row starting with '1,' '2,' and '3' and 
following that same pattern until ending on the forth row with the 'Cancel,' '0,' and 
'Enter' buttons.  Once complete the keypad and its LCD will need to be housed in 
a weather resistant casing or box that covers the buttons while still allowing the 
user to use them properly.  
 

3.2.3.6. Comparison 
	  

The overhead monitor displaying the parking lot map requires a fairly large 
viewing area to fit in the smallest possible space.  It will have to be shielded from 
the weather and be able operate properly under 'normal' Florida temperatures. 
Because the input signal will be produced by an android device the monitor 
needs to be compatible with an HDMI or DVI input. While the CRT provides 
greater temperature tolerance the LCD-TFT display combines a much smaller 
size, native support for HDMI inputs and compatibility with the common 
resolutions used by android devices which makes it easily the best choice for the 
smartPARK design.  
 
Because the Microcontroller is driving an LCD, Wi-Fi connection and keypad it 
has to meet the requirements for all the components involved.  Both the 
MSP430-G2553 and the Atmega328P support the CC3000 Wi-Fi module, 4x20 
character LCDs. The MSP430-G2553 even operates under lower power 
conditions than the Atmega328P. However, the Atmega328P has a greater 
number of pins, twice the flash memory and four times the ram. Due to the high 
volume load the smartPARK keypad system will be under the greatest amount of 
pins and ram is preferable.  
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3.2.4 Transceiver 
  

3.2.4.1 Wi-Fi 
  
An obvious start to the wireless transceiver question is with Wi-Fi, a popular 
wireless local area network that is convenient, cost effective and well traveled.  
Some of the disadvantages of Wi-Fi, however, include range, security and speed.  
The range of Wi-Fi has gotten better over the years with the introduction of new 
protocols within the IEEE 802.11 standard. With protocol ‘a’ and ‘b’ the range of 
the devices would span roughly 35 meters and the introduction of ‘g’ did little to 
improve on this much. 802.11n brought better range when it was released in 
2009 up to around 70 meters. This could still be a problem for this project 
because for large infrastructures Wi-Fi would require additional access points to 
be set up to cover the area intended. This also depends on where the server is 
located within the system.  
 
Another downside of Wi-Fi is the security. Having Wi-Fi networks in public places 
requires many steps of security as to make sure the data stays safe. The more 
access points that have to be implemented because of range also cause more 
security concerns. The network administrator would also have to try to account 
for any interference that the wireless communication could encounter on the way, 
most of which is outside the control of the admin.  
 
Finally, speed is to be considered when choosing the correct transmission device 
for this project. Wi-Fi, depending on the protocol, has speeds anywhere from 11 
Mbps to 150 Mbps. The most common and best protocols ‘g’ and ‘n’ have max 
data rates of 54 Mbps and 150 Mbps respectively. These speeds are faster than 
low data rate wireless technologies but also obviously slower than wired 
networks that can easily attain speeds between 100 Mbps to a few GBps.  
  

3.2.4.2 Bluetooth                                                                                                      
  
An additional wireless technology that allows for low power transmission is 
Bluetooth. This has an extremely low latency which allows for quick exchange of 
information but as far as total max data rate the newest protocols for Bluetooth 
allow for ~1 Mbps.  This is lower than that of Wi-Fi’s but the two were not 
necessarily created to solve the same problems. Where Wi-Fi was designed to 
be a wireless local area network (WLAN), Bluetooth was intended to have a 
smaller area to work with and is often credited with being in the category of 
wireless personal area networks (WPAN). There is a Bluetooth currently, 
marketed as Bluetooth Smart or Bluetooth Low Energy (BLE), that improves 
upon most of the older Bluetooth specifications. Major improvements on latency, 
power consumption, range, security, and max current consumption all make BLE 
more appealing than traditional Bluetooth.  
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Some of the pitfalls of Bluetooth include its connection delay and range as well. 
Bluetooth devices often have a delay in synchronizing with each other that 
creates problems especially when syncing with more than just 2 devices 
together. This is caused because Bluetooth requires both a frequency and timing 
synchronization to occur before the devices will communicate with each other.  
While in this discovery mode for the two devices, they require more power than 
the normal operating power, which is a problem as well. The range of Bluetooth 
is typically only around 10 meters but can be extended to the ranges seen in 
Figure 3.2.4.2.1.  

  

Specification Bluetooth Bluetooth Low Energy 
Distance/Range 100m >100m 
Over the Air Data 
Rate 

1-3Mbps 1Mbps 

Security 56/128 bit User Defined 128bit AES User 
Defined 

Latency ~100ms 6ms 
Total Time to Send 
Data 

100ms 3ms 

Power Consumption 1 as reference .01 to .5  
Current 
Consumption 

<30mA <15mA 

Figure 3.2.4.2.1 Bluetooth Comparison 

 

3.2.4.3 Ethernet 
  
The very familiar wired network solution, Ethernet, has been standardized since 
the 1980’s with 802.3 protocols while initially supporting speeds of 10Mbps it 
currently has the capability for speeds of 100Gbps. The obvious issue with 
Ethernet is relying on cables, which over long distances can be very expensive. 
There’s also the set up costs and maintenance of these cables that will cost more 
in the long run compared to a wireless communication system. Even with these 
tethered limits Ethernet provides ease of use, familiarity, and again speed that 
cannot be replicated in any wireless means.  
  

 
3.2.4.4 Other Transceivers 
  
ZigBee – ZigBee can best be described as a high level communication protocol 
for small personal area networks that use small digital radio transmission to 
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transmit data. The data rate of ZigBee devices are 250kbit/s and offer great 
battery life and secure networking. The range of the ZigBee is similar to the 
range of Wi-Fi with line of sight range being between 10-100 meters, however, 
with extenders that can be used with most ZigBee products the range can be 
increased tenfold. The battery of this transceiver is where it shines, with ZigBee’s 
life on a single battery being anywhere between a few months to a few years. It 
features a sleep mode that it can be awaken from within 15ms. This is compared 
to Bluetooth where it was previously challenged on its somewhat sluggish 
response time. ZigBee operates on the 2.4GHz frequency that Wi-Fi does. 
  
The security of ZigBee is also a key contributor to it being considered. If the 
parking lot/automobile data that is being sent through the smartPARK system is 
too privileged to be sent over Wi-Fi then a more secure network like ZigBee 
should gain a hard look. The security is a 128-bit AES algorithm that works on 
the model given by protocol IEEE 802.15.4. There are three keys that are used; a 
master, network, and link key that add security by allowing the user to choose the 
best key setup for their current situation. Some of which can be used in high 
security modes and the initial master setup. 
  
An important aspect of ZigBee networks is the inclusion of mesh network 
capability. With the ability to connect to many more nodes than say Bluetooth can 
connect it allows the user to use each node as an extension in range of the 
product. For smartPARK this would be through a parking lot or garage where 
each spot talks to each other and then eventually back to the coordinating and 
data logging nodes. 
ZigBee has multiple modules that vary in cost and can be bundled with certain 
developmental boards for certain projects. Two popular models of ZigBee are the 
XBee and XBee Pro. These run typically less than $200 dollars and can be as 
low as $20.  In Table 3.2.4.4 the differences between XBee and XBee Pro are 
shown. 
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  XBEE XBEE Pro 

Range 100 ft. 300 ft. 

Outdoor LOS 300 ft. 1 mi 

Voltage 3.3 V 3.3 V 

Transmit Current 45 mA 250 mA 

Transmit Power 1 mW 63 mW 

Frequency 2.4 GHz 2.4 GHz 

Price $19 $32 

Table 3.2.4.4 XBee Pro vs. XBee Source [8] 

  
Overall the ZigBee protocol is extremely low power but also has low data rate, 
which might not be the best bet for smartPARK with its video requirements. In 
general its inexpensive and energy efficiency lead it to be great for embedded 
sensing and controls. It’s general purpose due to its ease of use and software 
that is designed to be developed on inexpensive microcontrollers. 
  
MI WI – Another short-range low power option is Microchip’s proprietary wireless 
application MI WI. This is very similar to aforementioned ZigBee  and is based on 
the same IEEE protocol 802.15.4. MI WI is packaged in a smaller package but 
does lack some of the features that made ZigBee so likeable. 
  
MI WI operates on the same 2.4GHz frequency as ZigBee and has a similar 
range while also being even lower power than ZigBee. An advantage to MI WI is 
it’s free source code for using their microcontrollers and transceivers in tandem. 
This makes the connection between the devices much easier. However, MI WI 
does not offer the multi hop functionality that the full mesh network with the 
ZigBee did. An example of what a mesh network with MI WI would have to look 
like is shown in Figure 3.2.4.4. Without the full mesh compatibility there must 
always be a line of coordinator devices between all end nodes. 
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Figure 3.2.4.4 Network topology for MI WI protocol Source [9] 

  
As mentioned before, MI WI lacks some of the nice features of ZigBee, one of 
which is the enhanced security that is offered. MI WI lacks some of the security 
features that ZibBee boasts but this is due to the small programming size and 
ease of use that has been created with the MI WI. 
  
Overall, as another inexpensive low power transceiver MI WI scores high marks 
but due to its limitations in pure data rate processing it may not be the right 
selection for smartPARK. 
  

3.2.4.5 Comparison 
  
Comparing the transceivers or transceiver protocols looked at in this project it is 
understandable that some will emerge in the areas more important for this 
project. Here, in Table 3.2.4.5,  the difference between some of the more 
appropriate protocols is made clear. 
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 ZigBee Bluetooth Wi-Fi 

Application Monitoring Cable 
Replacement 

Web, Video, 
Email 

System 
Resource 

4KB-32KB 250KB+ 1MB+ 

Battery 
Life(days) 

100-1000+ 1-7 1-5 

Nodes per 
Network 

255 or 65K+ 7 30 

Bandwidth(kb
ps) 

20-250 720 11000+ 

Range 
(meters) 

1-75+ 1-10+ 1-100 

Key 
Attributes 

Low Power, Cost 
Effective 

Cost, 
Convenience 

Speed, 
Flexibility 

Table 3.2.4.5 Comparison of ZigBee, Bluetooth, and Wi-Fi 

  
The obvious takeaways from the comparison is that ZigBee is the correct 
decision if low power and cost are paramount, Bluetooth would be a good answer 
in a small environment, and Wi-Fi is the most flexible choice with the ability to 
push the most data but is disappointing when it comes to battery life.  
 
 

3.2.5 Network 
 
3.2.5.1 TCP/IP 
 
The smartPARK system could not have been made possible if it wasn’t for the 
Internet protocol suite known as TCP/IP. The Transmission Control Protocol and 
the Internet Protocol are the two major components of the Internet protocol suite. 
They were the first networking protocols defined in this standards and are 
occasionally known as the department of defense model since it was originally 
funded by the Defense Advanced Research Projects Agency (DARPA) for the 
United States Department of Defense.  
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TCP/IP provides end-to-end connectivity specifying how data should be 
addressed, formatted, routed and received at its destination. TCP is a part of the 
Transport Layer, which is within the Seven Layers of  Open Systems 
Interconnection model. The OSI model is a conceptual model that standardizes 
and characterizes the internal functions of a communication system, the system 
being referred to is the Internet. The system is part of a the product of the OSI 
project at the International Organization for Standardization. The models primary 
purpose is to group communication function into a series of layers. Each layer 
serves the layer above it and is served by the layer below it as displayed in the 
figure below. 

 
Figure 3.2.5:  Seven Layers of Open Systems Interconnection  

 
 
The first protocol of the transport layer is TCP, a reliable connection-oriented 
protocol that allows a byte stream, which is originated on one machine to be 
delivered without error on any other machine in the Internet. These bytes consist 
on any information, including but not limited to the live video feed or the data 
taken from the sensors, the information sent our to the web application and also 
the information sent out to the mobile applications. TCP breaks the bytes into 
discrete messages and sends them via the Internet. Once the destination has 
received them, the bytes are reassembled into the original output stream that 
was submitted.  
 
 

3.2.5.2 Wired Network 
LAN (Local Area Network) – The most common way to connect computers to 
each other and often eventually to the Internet is through a process called LAN. 
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Each individual fixed computer is connected via wire. The most common 
connection is over Ethernet cables with twisted pair wiring. One of the features of 
LAN is that it is, as its name suggest, a local area thus it is defined to a smaller 
geographic location compared to a WAN (Wide area network).  Many network 
topologies have been used including mesh, ring, star and bus but Ethernet has 
taken over for the most part. LAN is used in situations where mobility is not a 
factor, computers that are often moved such as laptops, netbooks, and tablets 
are more suited for a wireless connection. 
  
The advantages that wired networks have over wireless configurations are 
numerous but there are still many benefits of using wireless. LAN is, in almost all 
situations, much faster than WLAN. Common speeds for LAN vary between 
100mbps and 1000mbps or even 1Gbps. WLAN is limited by its theoretical limit 
of 56mbps. For sending large amounts of data, such as streaming high definition 
video, this extra speed can be crucial. 
  
Security is also a large advantage for the wired network since everything on the 
network is physically attached there is less of a chance an unwanted client is 
attached to the network. WLAN, being broadcasted over the air, offers far more 
security problems even with encryption and keys. Going along with better 
security, LAN also is generally more reliable with less faults. Wireless can 
encounter problems with routers and sometimes needs to be reset while LAN is 
more dependable. 
  
Wired systems, while being more expensive to, are in general easier to set up. 
They take less technical knowhow and come down to running cable and plugging 
everything in. One advantage running cable has is it can sometimes operate in 
places that wireless cannot, for example, going between thick walls or metal 
partitions. Places that wireless might be rendered ineffective going through large 
concrete walls such as those in a parking garage could be useful for a wired 
system to be in place. LAN is not susceptible to interference by other EM waves 
as WLAN can be. 
 

3.2.5.3 Wireless Network 
Due to the fact that the smartPARK system will be accessing sensors located at 
remote locations without local area networks, there is a high probability that 
wireless networks will be the method of choice. There are various types of 
wireless technologies that could be implemented into the smartPARK design, but 
the most common one is IEEE 802.11. 802.11 Networks also which are also 
known as their common slang name Wi-Fi, are made up of clients such as mobile 
phones and laptops. An infrastructure called Access Points (also known as base 
stations) is installed at specific locations within buildings to expand the 
connectivity of the wireless local area network.  
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3.2.5.4 Comparison 
 
In overview, knowing where the network will be set up and what the user will be 
asking of the network is crucial in deciding between WLAN and LAN. Factors 
such as the mobility of the users on the network, physical space it will be asked 
to operate in, and speed needed are all essential in getting the most out of the 
network. Since smartPARK will be showing the ability to not need a preexisting 
infrastructure to be scalable, it is most likely wired networking will not be the 
correct choice. The use of WLAN and Wi-Fi is so flexible that the choice is 
simple. Security will be of utmost importance since the network will be detectable 
and that will be discussed further.  

3.2.5.5 Virtual Private Network 
 
Once the database has been chosen, we need to be able to communicate with it 
in a secure manner and one of the best ways we have discovered to do this is 
through a Virtual Private Network. Regardless of the sensor subsystem type, 
whether it is a camera, magnetometer or any other type, they all need to be on 
the same network as the server in order for easy exchange of information.  But it 
might be the case that the sensor node, which will be used, might not be in the 
same private network as the server that will be collecting its information and that 
is when VPN comes into play. A Virtual Private Network securely extends a 
private network (such as our network of sensor nodes) over a public network (like 
the Internet), allowing for our server to have access to it as if they were in the 
same network. Virtual private networks are widely used in the business world 
today. Many companies from local accounting firms, to large technology giants 
use virtual private networks to connect their multiple office locations across town 
and even around the globe. 
Lets say there is a certain office with locations in Orlando, Dallas and Atlanta. 
Each of the offices has their own Local Area Network and these LANs can be 
considered as being islands. These islands are all in the enormous ocean of the 
Internet and have no way of communicating with each other privately. Now 
imagine a bridge that would connect the three cities, that is the role of the VPN. A 
VPN facilitates the ability to securely share files, documents and even 
peripherals attached to privately held networks with other networks. It also works 
great for employees that travel and need access to their company’s intranet while 
out of the office. Many Colleges and Universities also provide their students 
access to VPN technology so they can easily access the school’s network along 
with the library of information they contain. Internet users to protect their privacy 
and personal identity by allowing them to connect to proxy servers also use VPN 
technology. 
 
Being that the Virtual Private Network technology has been around for many 
years, means that there are many options available for setting up a VPN. Many 
companies offer the VPN service for personal and business use a various prices. 
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These options are automatically eliminated since they defeat the purpose of our 
learning requirements in Senior Design. There are also multiple free versions of 
VPN that allow users to setup and configure their own virtual private networks. 
Two of them are the Hamachi by LogMeIn and the open source renowned 
OpenVPN. In terms of price and security, they both are tied since they are free 
and use the same PPTP protocol during connectivity. OpenVPN has been the 
VPN of choice since it is the most popular open source VPN available, which 
means that there are plenty of Knowledge Base and support communities 
accessible. 
 
 

3.2.6 Server 
	  

Regardless of the type of sensor used to detect the available parking spots in a 
designated area, one of the main components that will be necessary to retrieve 
information from the sensor is a server. Many critical functions will be performed 
by the remote server; running the image processing software, the database, the 
web/mobile communication interface and the execution of a network daemon. 
One of the key components stored on our server, the brains behind the system is 
the database. The database will store all of the information extracted from the 
wireless sensors used. This collection of data will be organized in a way that will 
allow the graphical user interface applications to use it in ease. In order for our 
server to properly extract, processes, organizes and efficiently provide access to 
the data, the proper hardware and software combination must be used. Team 
DMV has done thorough research on the best hardware/software combinations. 

3.2.6.1 Server Hardware Requirements 
	  

An important consideration that took place when selecting the type of hardware 
necessary for the server is the type of operating system at its core. After 
conducting careful research our choices for the server’s operating system have 
been narrowed down to two, Linux and Windows. The server will have to deliver 
many functions including the communication with the wireless sensors or IP 
camera, updating the web/mobile interfaces and storing extracted information to 
our database at a relatively fast pace. Having information delivered within 
seconds of real time is crucial for the functionality and main purpose of our 
system. In continuation you will find more detailed information including pros and 
cons regarding the different operating systems along with their appropriate 
hardware requirements respectively. 
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3.2.6.1.1 Linux Server 
	  

One of the main reasons that the Linux option ended up being one of the finalists 
is because there are several open source Linux distributions available at no cost. 
Linux is not the only free and open source operating system available, but it is 
widely used resulting in large user based and commercial support communities. 
It is the leading operating system on servers and other systems such as 
supercomputers and mainframe systems, which leads to an active development 
of the Linux platform. Although many Linux distributions exist, the more stable 
Ubuntu has been the leading choice primarily because of it being free of cost and 
having the biggest support community which results in a broad array of tools and 
software available for use. Ubuntu Server 12.04.4 is the latest version available 
and the hardware minimum requirements are found below. 
 
                 Ubuntu Server 12.04.4: Hardware Minimum Requirements 

Processor:                             300 MHZ x86 
Memory RAM:                       128MB (256MB for virtual install) 
Hard Drive:                            1GB Free Disk Space 
Graphics:                               Card capable of 640x480 
Costs:                                    $0 
 
 

3.2.6.1.2 Windows Server 
	  

The Windows operating system is another excellent choice for our server’s OS 
simply because of its uncounted compatibility with an ample amount of software 
and hardware as well as the availability of software development tools. Windows 
also offers a few options including the different versions of Windows Server 
either 2008 or 2012 as well as the desktop versions of the operating system 
including either Windows 7 or Windows 8 preferably the professional version. 
Due to funding and the amount of resources available to us, one con of using the 
Windows environment is its price. If we are planning on using the Server Edition 
the minimum price would be around $699 and for the Desktop version of the 
Operating System the price is $199. 
 
                 Windows Server Edition 2012: Minimum Hardware Requirements 
                 Processor:                             1 GHz or 1.4 GHz  
                 Memory RAM:                      Minimum: 512 MB RAM 
                 Hard Drive:                           Minimum: 10 GB 
                 Graphics:                              Card capable of 800 x 600 
                 Costs:                                   $0 
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3.2.6.1.3 Comparison 
 
Primarily because it is one of the most widely used server operating systems out 
there, we have chosen to go with Linux for our project. The Ubuntu Server 
distribution is open source, free of charge and used in countless other 
applications which means there will be plenty of support available. Some of the 
members of Team DMV prefer Linux due to their previous experience with the 
operating system as well. 
 

3.2.6.2 Image Processing 
	  

Image recognition will come into play if the decision is made to go with the IP 
Camera as our sensor. The camera would be placed in a convenient, well-
calculated location so that it captures a large area of parking lot or garage 
specified. The remote server will receive the live video stream captured by the 
camera, where certain image processing will take place. Intel Open Source 
Computer Vision Library, better known as Open CV is a collection of C functions 
and some C++ classes, which implement many popular Computer Vision and 
Image Processing algorithms. The library includes over two thousand five 
hundred optimized algorithms that range from simple classic to state of the art 
computer vision and machine learning technologies. Software based image 
processing is a method of signal processing where the software takes an image, 
such as a video frame, and then and then outputs an altered image or set of 
measurements created from the original image.  

3.2.6.2.1 Overview 
	  

In order to serve the largest amount of parking spaces per video sensor the 
camera will need to be placed in a location where it has a clear view from above. 
In order to function correctly this view can never be obstructed during normal 
parking lot operations. A null, or empty case, has to be measured before the 
software can compare images; this will need to be completed by taking a picture 
of the parking lot when there are zero vehicles located in the parking locations 
being measured. This empty case photo will then be converted to gray scale and 
used as the calibration values needed for later comparison. 
  
Once a base case is created for our parking spaces the image processing 
software will be ready to compare a new photo, or case, to the original photo or 
the calibration file. Approximately every ten seconds a Gray scale image will be 
extracted from the video stream and saved into the camera's own specific image 
directory on the Server. Once that file is detected by the server the software will 
compare the photo with the empty parking lot's photo to determine the status of 
all parking locations being monitored. This information will then be used to 
update the smartPARK database. There are several methods of making this 
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comparison including comparing the histogram of both images, comparing both 
images in the form of indexed pixel intensity arrays and using computer vision 
software to detect objects and or changes located in the 'new' image.  

3.2.6.2.2 Intensity Histogram Matching Method 
	  

An image's histogram refers to a graphical representation of its tonal distribution. 
When describing a color image, the histogram represents the red, green and blue 
color tone changes throughout the image. For an 8-bit gray scale image the 
histogram is referred to as the Intensity Histogram. There are 256 possible 
intensities for each pixel and the histogram will graphically represent the 
distribution of pixels across those intensities as pictured in figure 3.2.61.2.  

 
Figure 3.2.6.1.2: Image and its intensity Histogram 

To detect changes in the new image the software will compare both the 
calibration image's histogram to the new image's histogram. The higher the 
histogram matching rates the closer to the calibration image's case. This method, 
however, is susceptible to error due to camera tonal inconsistency and natural 
changes in lighting.  

3.2.6.2.3 Index Coordinates 
Images can also be interpreted numerically as arrays of pixel data where each 
row and column of the array represents the coordinates of that piece of data in 
the image. Color images are stored in 2-D arrays of lists of color values; for RGB 
(Red-Green-Blue) three values will be stored in each array location. A gray scale 
image is stored as a single pixel intensity value for each location as pictured 
below in figure 3.2.6.2.3. which allows for easier analysis and smaller file size.  
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Figure 3.2.6.2.3: Gray scale image and its index values for a location on a scale of 0-1. 

Photo courtesy of MathWorks 

This method is useful because the programmer can identify the exact location to 
monitor and the software doesn't waste any time comparing insignificant data, 
such as cars driving past a parking spot or a human walking past the cameras 
point of view. The threshold values will need to be calculated by determining how 
much variation from the calibration image signifies the presence of a new-parked 
vehicle. Many vehicle sizes, types and colors must be considered.  
 

3.2.6.2.4 Edge Detection 
	  

One method of recognizing an object is by identifying the edges within the image. 
An 'edge' within an image refers to a location in the image where the brightness 
changes sharply; which is known as a discontinuity in the image. Discontinuity in 
images generally represents a change in depth, surface orientation, material 
properties and lighting. By using edge detection techniques an image can be 
reduced to its basic structural elements for easier and quicker processing. A 
popular method for achieving edge detection on an image is through the use of 
the Canny algorithm, which was developed by John F. Canny in 1986.  The 
results of this of the Canny edge detection are provided below in figure 3.2.6.1.3. 
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Figure 3.2.6.1.3: Noised reduced Image [blurred] before and after Canny edge detection  

3.2.6.2.5 OpenCV 
	  

OpenCV, Open Source Computer Vision, is a programming library of functions 
developed to analyze live video and images. It's based in C++ but has been 
ported to Java, Python and MATLAB. OpenCV runs on most major platforms 
including Windows, Android, iOS, OS X and Linux. OpenCV is often used for 
Mobile robotics, Human/Computer interaction, facial recognition, gesture 
recognition, object identification and motion tracking.  
 
The Java port of OpenCV, JavaCV, has been complemented by an official 
version of OpenCV for which the bindings closely match the original C++ 
interface and it is kept up-to-date with the current release of OpenCV. Running 
OpenCV within Java itself does however create some issues caused by the Java 
run-time environment causing the OpenCV functions to run slower than they 
would in their native C++ environment. Java also uses a Garbage Collector that 
halts all the CPU threads causing all real-time analysis to stop and wait for it to 
complete. C++'s programming environment is far more complicated to develop in 
and as a result it affords the programmer greater control of the program and 
faster execution. The smartPARK image processing and OpenCV software will 
be developed within the C++ programming environment. Some relevant OpenCV 
functions are listed in Table 3.2.6.2.5.  
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Table 3.2.6.2.5 

Functions Description 

calcHist() Calculates the histogram of a set of 
arrays (image) 

VideoCapture::open Opens a video file or live video for 
image capturing 

VideoCapture::read Grabs and retrieves a frame from a 
video stream 

erode Using a specific structuring element 
the image is eroded 

dilate Using a specific structuring element 
the image is dilated 

findContours Detects contours in a binary image 

drawContours Draws the outlines and/or filled in 
contours 

RotatedRect Detects a rotated rectangle the long 
side on horizontal access 

 

3.2.6.2.6. Comparison 
 
All the image processing methods discussed can be useful to smartPARK's 
analysis depending on the video stream, location and processing demands 
placed on the server. smartPARK's design, however, will be using indexed 
coordinate analysis while obtaining footage and analyzing it. Detecting change 
indexed values for each location will be the base for detecting large changes in 
the color of each region of interest’s sum.  
 

3.2.6.3 Virtual Machine 
 
A virtual machine is a software emulation of a machine, often used for testing 
and actual computing environments. The way a virtual machine operates is 
based on the architecture of the real or hypothetical computer that is being 
implemented. Virtual machines execute programs like a real physical machine 
and based on their use and correspondence degree, they are separated into two 
major classifications. Virtual machines are more commonplace today than ever 
since most modern computers are powerful enough to run entire operating 



	  

	   	   	  
	  

	   	   	  40 

systems within the main operating system. Some machines are so powerful that 
they can be found running multiple operating systems simultaneously. For 
example, a machine that has Windows 7 64-bit  as a primary OS, with enough 
memory and processing power, it can run both Linux and OSX side-by-side 
within it.  
 
3.2.6.3.1 VirtualBox 
 
Developed by Oracle, VirtualBox is a powerful machine virtualization product 
capable of handling both x86 and AMD64/Intel64 bit machines. This virtual 
machine product is full of features, has high performance and one of the only 
solutions that is freely available as open source software. VirtualBox is also cross 
platform being able to  runs on all of the operating system possibilities for this 
project. Being actively developed, VirtualBox is essentially a community effort 
backed by Oracle, ensuring that the product always meets the professional 
quality expected.  
 
3.2.6.3.2 VMware 
	  

VMware is an industry leading virtualization software company that enables 
companies be innovative by virtualizing infrastructure. The desktop version of the 
VMware product comes in two primary flavors. The VMware Player available for 
free, is aimed at the casual user who needs to create and run virtual machines 
without the need for advanced enterprise-level solutions. VMware workstation 
includes all of the basic features from VMware Player including easy virtual 
machine creation, hardware optimization and the ability to clone machines, plus 
additional advance features for testing software and recording the results within 
the virtual machine.  
 

3.2.6.4 Database 
 
All of the data gathered from the sensors need to be recorded one way or 
another, the classical way of recording information and has been widely is by the 
use of a database. A database is an organized collection of data and usually 
organized in a way that will help a user complete a certain task. In our case, this 
data will be the information on the individual parking spots, whether they are 
available or not and gather extra information on the parking lot. A database 
management systems are software applications that have been specially 
designed to interact with the user, the system itself and other applications to 
analyze and capture data.  
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3.2.6.4.1  Semaphores  
	  

The system that will keep track of the occupied and available parking locations, 
will be based on how a semaphore functions. The famous Edsger Dijkstra, an 
eccentric Dutch computer scientist who was also known for the widely used 
Dijkstra’s algorithm, invented semaphores. Semaphores still hold the basic idea 
of the original design since some of the details have changed since its invention. 
The best way to think about a semaphore is as a record of how many units a 
particular resource has available. 
 
A good analogy that is always used when describing a semaphore is that of a 
library study room system. Lets say there are a total of ten study rooms available 
in a library. In order for things to be fair and to have some sort of control over the 
room rentals, students must check out a study room at the front desk of the 
library.  Once a student finished using the room, they are required to stop by the 
front desk and indicate that a room has become free. The front desk clerk knows 
only how many rooms are occupied/available, but does not keep track of who 
has which room and who is occupying which rooms.  If no rooms are available, 
then students interested in them will have to wait until someone relinquishes 
them. Rooms cannot be reserved in advanced since once they are occupied, 
they can be occupied for an unlimited amount of time. When a student reserves a 
room the library clerk decreases the number and when a student releases a 
room, the clerk increases the number. 
 
For this scenario of the library study rooms, the library clerk represents the 
semaphore, the rooms are the resources and the students represent the actual 
process that is taking place. In this example, the value of the semaphore is 
actually ten. When a student comes in to reserve a room, the value of the 
semaphore is decremented to nine when the student is given access. After the 
next few students come to reserve a study room, the value of the semaphore is 
decreased accordingly. The semaphore is only increased once students 
relinquish the rooms. It will be known that the rooms are all full when the value of 
the semaphore is zero. 
 
The smartPARK monitoring system will work very similar to the library example 
represented previously. smartPARK will hold preset information regarding the 
different parking spots available in the designated parking garage or lot. This 
number of total spots will be our resource, the students who occupy these 
parking spaces will be the process and the smartPARK system will represent the 
semaphore. We will start with the total amount of parking spots available in a 
certain parking location. This number will be decreased as students occupy the 
spots and increase when the spots become available again.   
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3.2.6.4.2 SQL 
 
The SQL phrase stands for Structured Query Language, which is a special 
purpose programming language, used for database management systems. The 
SQL scope includes a series of functions from data update, insert, query, delete 
and modification, just to name a few. SQL became a standard in the 1980’s and 
was initially developed by IBM and originally known by the name SEQUEL that 
stood for Structured English Query Language, which was designed to manipulate 
and retrieve data stored in IBM’s System R. 
  

3.2.6.4.3 MySQL 
 
One of the most popular database management systems is MySQL in the world 
today and has been in use for almost twenty years. The primary functions of our 
database include storing the data it receives from the image processing software, 
updating the availability status of our parking lot locations and allow for our web 
and mobile applications to access it.  MySQL is a popular database choice for 
use in web applications since it is a central component of a widely used open 
source web application software stack. Basic functionality is available in the free 
version of MySQL, which would be more than sufficient to complete the tasks we 
need to complete. The MySQL Database Management Program is also versatile 
since it could be run on various platforms including Windows, Mac and Linux.  
 

3.2.6.4.4 Microsoft Azure SQL Database 
 
Another popular choice when it comes to relational database management 
systems is the Microsoft SQL Server. By purchasing Sybase SQL Server, 
Microsoft made its entrance in the enterprise level database market to compete 
against IBM and Oracle. There are over a dozen different editions available of 
Microsoft’s SQL Database aimed at audiences of all kinds. Azure SQL Database 
is one of the database options available by Microsoft also widely used by many 
corporations. It is fully manager and loaded with features that businesses of all 
sizes require. Azure SQL offers all of these features in two different versions, a 
pay as you version that allows you to keep your database on the cloud and a 
premium version that allows you to host your database from a data center at your 
business.  
 

3.2.6.4.5 Database Comparison 
	  

Although the Microsoft Azure SQL database system offers a great user interface 
and a large amount of functions available, it is tailored for larger well-established 
businesses there for it has a hefty monthly cost. For the purposes of this project 
and to fit within the teams budget, the database of choice will be MySQL. MySQL 
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is a great option not only because of it being open source and free of cost, but 
because it is widely used in the industry. There are thousands of help 
communities, forums and knowledge base documentations available to help 
guide the setup and any troubleshooting that might be necessary.   
 

3.2.6.5 Daemon 
	  

A Daemon is a process that continuously runs in the background and usually 
does not interfere with the main software applications of a system. It exists for 
the purpose of handling specific periodic service request to a system that is 
expecting to receive information. Many systems often start daemons at boot time, 
allowing for instant access to serve the function responding to network request, 
performing certain tasks or responding to hardware activity. The smartPARK 
system will have a dedicated network daemon, which will communicate the 
MySQL database with the Web applications. 

 
3.2.6.6 Apache HTML Server 
 
Apache HTTP Server, more commonly known as simply Apache is renown for 
being the web server application involved with playing a key role in the creation 
of the World Wide Web. Apache HTTP Server includes a variety of features that 
go from server side scripting and virtual hosting, which allows for one Apache 
installation to serve many different websites simultaneously. The Apache HTTP 
Server would be used to translate the proper HTML files to the web via HTTP 
allowing for the creating of the web and mobile applications.  

3.2.7 Android  
	  

3.2.7.1 Goals 
	  

Like many systems, most of the work happens behind the scenes and all that the 
end user actually interacts with is a product that is functional and simple to use. 
That is the goal of the Android application being developed, to allow the user to 
easily access parking lot or garage information through a very minimalist and 
clean graphical user interface. Allowing them to quickly access the application 
with fast loading times, rapid response and live updates of parking lot 
information. The application will be something that users will desire and become 
a part of their lives and daily routine.  
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3.2.7.2 Features 
	  

One of the wonders of the world of software engineering is that the possibilities 
are endless. The same thing goes for our features, the number of features and 
options that could be added on to our mobile application is infinite. Due to time 
restraints and only having two semesters to come up with a working model, only 
the basic features and primary functionality will be implemented. The primary 
features include the following; accessing the application, selecting the parking 
location, viewing statistics of the desired location, viewing the map of the desired 
location and being able to temporarily reserve a parking spot. Future possible 
features that may be implemented are described in the extras section.  
 

3.2.7.3 GUI 
	  

The graphical user interface also known as GUI is a type of user interface that 
gives the user the ability  
Since the mobile application will be used as a tool to facilitate the driver’s parking 
experience, it must be clean and simple to use. The programming for the 
application is in its preliminary stages preventing the demonstration of what the 
actual applications appearance to be displayed in this documentation. The major 
functions of the application will be easily accessible by the user. Immediately 
after opening the application the user will be able to quickly select the parking lot 
of choice, immediately have a clear view of the statistics and be able to select a 
spot for temporary reservations. In order to demonstrate the graphical user 
interface in this documentation, we have created an illustrated prototype of some 
of the main screens.  
 

3.2.7.4 Car Monitoring 
	  

One of the possible sensors that could be used for our smartPARK system is the 
use of IP cameras providing a live feed of the parking lot or garage. This system 
would allow users to view a live video stream of the parking garage and the 
ability to monitor their vehicle from anywhere using their mobile application. Also, 
once the user occupies a parking spot they have the ability to save their parking 
location since the application would already have that data stored. If the IP 
camera happens not to be the sensor selected for the ultimate system design, it 
is still possible to establish a vehicle monitoring system that could alert the driver 
whether or not his or her vehicle was still present in the space they parked in. 
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3.2.7.5 Extras 
 
As previously mentioned, there is great number of features that could be added 
to the system. The opportunity to add additional features will be determined once 
the basic features have been designed, implemented, fully functional and 
meeting all of the specification requirements. Extra features that have been 
discussed for future implementation include but are not limited to; the ability to 
pay for certain parking garages from the application, the option to locate your 
vehicle within the parking lot, the ability to locate your friends/family using the 
application and having the application available for use in many of the upcoming 
vehicle infotainment systems that will be launching soon.  
 

3.2.7.6 Security 
 
The smartPARK infrastructure will be completely secure, the sensor nodes and 
the web-based application will transmit data encrypted that cannot be 
compromised. When it comes to the mobile application, security will not become 
an issue, due to the fact that the Android Mobile Operating System provides its 
own security features, which integrate into each of the applications installed on 
the mobile devices. The Android Operating system was designed with security as 
one of its main priority and making sure that its processes do not use too many 
resources or collect unnecessary information. It also assures that no application 
or process gains access to the system level without the right privileges.  The 
Android OS was designed with multiple levels of defense to protect the mobile 
devices against malware incursions. Fortunately this is a great advantage for the 
developers of the mobile application.  
 

3.2.8 Web-Based Application 
 

3.2.8.1 Goals of Application 
 
The primary goal of the smartPARK system is to provide the user with up to date 
parking lot information and as well as a live video stream of the designated 
parking garage. In order to for the system to display the information gathered 
from the database to a web based or mobile application, this information first 
needs to be processed and then converted into the proper html type for later 
transferring through http. Two different server side languages PHP and ASP, are 
being considered for use along with the query mobile to make it possible for a 
web based version of the application as well as cross platform compatibility for 
mobile devices.  
 
The base of this mobile application will actually be programmed in the Java 
Programming language using the Eclipse Software along with the Android 
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Software Development Kit. The way basic Android Software development usually 
works is first the program is implemented under the Java Virtual Machine for 
testing the program as you create it. Once it has been completed, the user has 
the option of testing the program in the included Android Virtual Machine testing 
environment. Since the Java version of the program will already be implemented, 
it will be put to use. The smartPARK servers will host this desktop version of the 
application and send it to a specific web domain allowing for it to become 
accessible for anyone with access to the Internet.  
 

3.2.8.2 PHP vs. ASP 
 
When it comes to web development, the two most commonly used server side-
scripting languages are Active Server Pages ASP and PHP Hypertext 
Preprocessor. Both of them are used to dynamically generate content on a 
webserver allowing for both programmers and site owners the capability of 
editing the websites, adding logical functions and modifying its design. Although 
they both complete some of the same duties as one another, they have many 
differences as well.  
 

3.2.8.2.1 PHP 
	  

Hypertext Preprocessor  began as a scripting tool that because of its ease of 
use, it quickly took over the internet, becoming todays most popular web 
development programming language. Currently there are over two hundred and 
forty million web servers with PHP installed, many of the major websites used 
today like Facebook and Word press use PHP.  Due to its popularity, there are 
countless documentations written for support and troubleshooting. Its similarity to 
the C/C++ languages and its ability to be cross-platform, make it a perfect choice 
for the implementation of smartPARK.   
 

3.2.8.2.2 ASP 
 
In order to provide developers with a  easy scripting tool, Microsoft developed 
Active Server Pages ASP. ASP can be programmed using any.NET-supported 
language making it extremely popular amongst .NET developers. The use of 
ASP and its resources are also very abundant, but it is seldom found a developer 
who’s choice is ASP over the alternatives. ASP is also usually written in C# (C 
Sharp) and when it comes to ease of learning, it adds an additional learning 
curve to its involvement in this project. Another note to take into consideration is, 
being that ASP is a Microsoft product, means that there is a cost involved for its 
use and it’s functionality is limited to the Windows platform.  
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3.2.8.3 Hosting Web Application 
 
There is a certain process that has to take place in order to host the information 
gathered to the Internet, in a format that is clean, efficient and easy to 
understand for the end user. The addresses found on the Web are expressed 
with URLs - Uniform Resource Locators. These URLs specify a protocol (in the 
smartPARK case it will be http), a server name (i.e. : www.smartpartusa.com), a 
URL path (i.e. /documents/smartPARK/homepage.html). The clients, who in this 
case will be the web browsers and the mobile application will connect to our 
server using the specified protocol. Primarily, in order for the client to connect to 
the server, it must have the server name to an IP address, in other words, the 
location of where on the Internet our server resides. 
 
The server name must be in Domain Name System DNS in order for it to become 
reachable. DNS is a naming system basically for any device that might be 
connected to the Internet or any private network. What its main function does is 
associate a series of information with that device so that it can be easily 
accessed on the Internet or the network that it is connected to. For example, 
when the any website is visited online, an easy to remember domain name is 
usually typed, like www.ucf.edu. But in reality, the address of this website is 
really a series of numbers known as the IP address, and what DNS does is mack 
the translation of www.ucf.edu to its proper IP address so that users do not have 
to remember.  
 

3.2.8.4 Large Parking Network 
 
The smartPARK system will have the ability to function with parking networks of 
all shapes and sizes due to its modularity. Parking garages exist in various 
forms, and the smartPARK system needs to be capable of functioning with all of 
them, including multi-level parking systems and open lot parking areas, both of 
these types are found at UCF. The system will be designed in a matter that will 
allow for the user to easily add to its sensor network, detect when new sensor 
nodes have been added and process the information obtained from them without 
the interruption of any current processes that might be taking place.  
 

3.2.8.5 Data Mining 
 
A process that is very popular amongst many websites today is Data Mining, also 
known as the Knowledge Discovery in Databases process. Data Mining is the 
computational process of discovering patterns in large data sets involving 
methods from artificial intelligence, statistics, machine learning and database 
systems. The ultimate goal of data mining is to extract raw data from certain 
systems and translate that data into an understandable structure for future use. 
The smartPARK system will implement some data mining in a way that it will 
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gather information on the different parking spaces to predict the probabilities of 
finding a specific parking spot, the average time of finding a spot in a certain lot 
or garage and the habits and trends of the drivers using the specific parking lots.  
 

3.2.9 Power System 
  
3.2.9.1 Battery 
  
Batteries are the power backup for the camera sensor in this system and would 
also be the main power source of the magnetometer. Selecting the correct 
battery for both situations is crucial and takes the understanding of voltage, 
current and power needs of the devices in question.  
Following is a description of the type of batteries that could be selected for these 
needs keeping in mind that a low power sensor such as the magnetometer might 
have different requirements from the IP camera and transceivers.  

3.2.9.1.1 Lithium Ion 
 
Lithium-ion batteries are a common battery in consumer electronics and the most 
popular rechargeable battery for portable devices. The lithium ions move forward 
and backward from the negative electrode and positive electrode during 
discharging and charging respectively. They offer a good energy density, minimal 
memory effect and slow loss of charge when not in use.  The charge/discharge 
efficiency of the Li-ion battery is 80-90% and the nominal cell voltage is NMC 
3.6V/3.7V. The energy/price relationship is 2.5W-h/US$ and can have 
somewhere between 400 and 1200 cycles depending on size and application. 
The specific energy is 100-265 W-h/kg. 
 
These specifications make it an excellent battery of choice in many applications 
and those applications are growing by the day. They are currently taking over for 
lead acid batteries and can output the same amount of voltage so no engineering 
change is needed in many cases where lead acid batteries were used.  
Negatives to the Li-ion battery include its tendency to need protection when 
charging and discharging due to overvoltage and under voltage respectively. This 
is done through circuit protection and is just one more thing to consider when 
choosing a battery.  
 
 

3.2.9.1.2 Nickel Metal Hydride 
 
Nickel Metal Hydride (NiMH) batteries are rechargeable batteries with some 
advantages over previous battery designs such as Nickel Cadmium batteries 
while essentially using nickel hydrogen battery chemistry. This allows for some 
nice advantages in that it can have 2 to 3 times the energy capacity of an 
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equivalent NiCd battery. The energy density also is close to that of the Lithium 
Ion battery. The charge/discharge efficiency is that of 66% and the nominal cell 
voltage is 1.2 V. The energy/price relationship is 2.75W-h/US$ and can have 
somewhere between 500 and 2000 cycles depending on size and application. 
The specific energy is 60-120 W-h/kg. 
 
Another nice thing about the NiMH battery is its environmentally friendly design in 
that the battery does not include the toxic cadmium. Industrial nickel is also 
comparatively easy to recycle and is done so due to its high value. These factors 
lead NiMH to be a more environmentally friendly battery over the NiCd battery. 
This matters in this project because of the possible implementation of the battery 
being placed in the ground with the magnetometer sensor, so any accidental 
littering of the product would result in a low environmental impact that should be 
important to everyone.  
 
Unfortunately there are also disadvantages to the NiMH structure such as the 
difficulty to detect the voltage changes of the battery. Charging is also an issue 
when it comes to NiMH batteries, overcharging becomes an issue because this 
causes a buildup of hydrogen which can cause the cell to rupture so the cell must 
be ventilated well. This excess heat that is also produced when charging requires 
more advanced charging algorithms to be implemented with this battery. Having 
this battery in a small area with the magnetometer sensor would need ample 
ventilation.  

3.2.9.1.3 Lead Acid Battery  
 
These batteries are the oldest type of rechargeable battery in the world. While 
not having the newest technology they still accounts for more than 40% of all 
battery sales worldwide. These batteries do not have the energy density or 
energy to weight ratios that some of the other battery types might boast about 
such as lithium ion and NiMH, but with high surge currents the lead acid battery 
has a very strong power to weight ratio. These batteries are often inexpensive 
and are used in many power backup situations already, such as batteries that 
power cell phone towers when power is down. These batteries offer a good 
option for smartPARK because of the simplicity while allowing to be charged with 
the solar cell and discharged through the IP camera while supplying enough 
voltage and current for both.  
 

3.2.9.1.4 Comparison 
  
For finding the correct battery for this application requires taking a side-by-side 
look at the two candidates.  
  
Advantages of Lithium Ion Batteries/Disadvantages of NiMH- One of the main 
complaints of NiMH chemistry batteries are the self-discharge rate. The self-
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discharge rate is how much the battery discharges when it is not being actively 
used to discharge. Lithium chemistry batteries discharge ~3% per month while 
Nickel batteries can be as much as 30% self-discharge. As shown in Table 
3.2.8.1.3-1 the discharge rates vary greatly between the two types, this means 
that if the battery will rarely be used, and often sits without load, a NiMH may not 
be the correct choice. 
 
 

Chemistry Self-Discharge/Month 

Lead Acid 4%-6% 

NiCd 15%-30% 

NiMH 30% 

Lithium 2%-3% 

Table 3.2.8.1.4-1 Self-Discharge Rates of Popular Battery Chemistries  

 
The next key aspect to look at for batteries after self-discharge rates is 
charge/discharge cycles. Charge/discharge cycles are the amount of times a 
battery can be completely charged and discharged, in other words, its lifetime. 
When looking between Lithium Ion and NiMH batteries its apparent that Lithium 
batteries fare better. The average amount charge/discharge cycles for a lithium 
ion battery is 1000 while NiMH comes in at half of that, just 500. Many even claim 
this to be an unreasonable number and to find a NiMH battery that lasts longer 
that 150-200 charge/discharge cycles can be rare. 
  
The usage pattern of these two types of batteries is also a distinct difference in 
the two. Lithium batteries are under best operation when discharged partially and 
then completely charged. Devices like cell phones and laptops often operate in 
this fashion as the users try not to allow them to completely discharge. NiMH 
operates best under the opposite, that is, to be completely discharged and then 
charged completely; some NiMH battery chargers even discharge the battery first 
before beginning a charge cycle. This must be taken into account for all 
applications of batteries. Having the battery completely discharged or not will 
affect the end life expectancy of the battery depending on chemistry. This is due 
to the fact that lithium ion batteries have constant self-discharge rates over the 
lifetime of the battery regardless of the charge/discharge cycle that it is currently 
on. NiMH batteries on the other hand have an ever-increasing self-discharge rate 
as the amount of charge/discharge cycles increase. The temperature also affects 
the NiMH battery more than the lithium when it comes to cycles as well. This 
topic of weather effects will be discussed in greater detail shortly. 
  



	  

	   	   	  
	  

	   	   	  51 

The volume and weight of lithium ion batteries compared to that of NiMH is a big 
reason why lithium ion batteries are so popular. The energy density of lithium 
batteries is higher than that of NiMH so the same amount of energy can be 
stored in a much smaller space. Lithium ion typically has energy densities of 
100Wh/kg where NiMH come in with between 60-70Wh/kg. This difference is the 
reason why in the same amount of space lithium ion batteries will offer more 
energy. The relative energy density of NiMH batteries is just over 80% of what 
Lithium ion provide. 
  
Lithium ion batteries also have the edge in portability, not only because of the 
smaller size but also due to the decreased number of batteries normally used for 
operation. It is easier to swap out or replace a single lithium ion batter than 
dealing with multiple NiMH batteries. 
 
Finally, lithium ion batteries provide better all weather performance that almost 
any other battery, especially NiMH batteries. The battery in this project will be 
exposed to a wide range of temperatures and so good performance in all 
possible situations is important. Since Central Florida can feel anything from 
~0°C to ~40° C it was crucial to find battery performance on many different 
temperature scales. The Table 3.2.8.1.3-2 shows temperature performance of 
competing battery technologies. 
  

Chemistry/Temperature(in 
Celsius) 

0 10 20 30 40 

Lithium Ion 95
% 

98% 100
% 

100
% 

100% 

NiMH 82
% 

100
% 

105
% 

100
% 

91% 

Table 3.2.8.1.4-2 Battery Chemistry Performance with Respect to Temperature Source [15] 

  
The much more reliable battery is the lithium ion who doesn’t show any of the 
variability at the ends of the spectrum compared to the NiMH that drops off 
considerably with extreme decreases and increases in temperature. NiMH 
batteries are also susceptible to being damaged inside the device if not used for 
a long period of time. 
  
Advantages of NiMH Batteries/Disadvantages of Lithium Ion- Lithium ion 
batteries are sold as individual batteries, not cells. This allows NiMH batteries 
that can have individual cells purchased and replaced without buying entire new 
pack as with lithium. Another problem with lithium ion batteries is their availability. 
NiMH batteries are much more common and in a pinch if need be could be found 
many more places than lithium ion can. This is not a very big deal for the 
smartPARK power system because batteries will be ordered and only being used 
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for backup capability negates the need to have to rush to get spares like in other 
situations. 
  
One important test for batteries is how fast they can charge, this can especially 
be important for the smartPARK system since charging will occur via a solar 
panel. NiMH batteries can completely charge within 30 minutes while lithium ion 
batteries often take hours to completely charge. This also relates to the amount 
of charge/discharge cycles available for a battery. The shelf life of a lithium ion 
battery is guaranteed for 3 years after the manufacture date while NiMH batteries 
can last for over 5 years when always charged. Lithium ion batteries will thus 
probably die before they reach their maximum charge/discharge cycle limit while 
NiMH batteries will most likely hit the charge/discharge max before the shelf life 
goes bad.  
The comparison with these two types of batteries compared to lead acid types is 
not much of a comparison. These two types of batteries often do not compete 
with each other because the need is so different with each type. Lead acid 
batteries offer higher current output over the lithium and NiMH based batteries, 
which leads to much higher power. The physical size of the battery is much 
larger so they are not an option where form fitting is required.  
 

3.2.9.2 Solar 
 
Solar power is an excellent solution for many low power systems that have 
access to the suns rays. Higher power systems require arrays of solar panels 
(photovoltaic panels known as PV panels). While solar power may not be a long-
term lone energy source for this project in it’s entirety, there is always a need for 
more efficiency which renewable energy provides. 
  
There are many reasons why a shift towards solar power is beneficial in different 
situations. Having a lack of access to the grid being one of them, so utilizing solar 
power for stand-alone lamps, parking meters, traffic signs, and charging stations 
has become increasingly popular. Employing a backup battery with access to a 
solar charger or using PV cells to power a magnetometer is both efficient and 
useful for the end user.  
  
 
Some useful and important parameters and characteristics of PV cells are listed 
below, as they will be studied regardless of type.  
  
·      Output Current 
·      Output Voltage 
·      Load Impedance 
·      Light-generated Current 
·      Diode Current 
·      Irradiance (new and reference) 
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·      Short Circuit Current Temperature Coefficient 
·      Cell Temperature (new and reference) 
·      Reverse Saturation Current 
·      Short Circuit Current 
·      Open Circuit Voltage 
·      Max Power Point Current 
·      Max Power Point Voltage 
·      Number of Cells in Series 
·      Band Gap Energy 
·      Apparent Series Resistance 
·      Area 
·      Ambient Temperature at Nominal Operating Cell Temperature 
·      Nominal Module Efficiency  
·      Relative Module Efficiency 
·      Maximum Efficiency Factor 
 

3.2.9.2.1 Type & Size 
 
A few types of PV cells will be discussed in reference to the decision to be made 
on this project is below. 
 
Monocrystalline- this is a type of PV cell that is made of silicon cut from a single 
crystal of Silicon. These cells have a very consistent look to them and are very 
brittle and thus must be kept in a strong frame. A very evident thickness is 
noticeable on these PV cells. As expected, these are the most expensive type 
due to this construction process. They are also the most efficient but due to the 
expense of these cells will most likely not be the best choice for smartPARK.  
Polycrystalline (Multicrystalline)- A very similar type of PV cell is the 
polycrystalline cell, which uses similar aspects of monocrystalline cells but cuts 
down on the price by not requiring the individual cells to be one solid piece of 
Silicon. These cells will then be made up of a large number of crystals. These 
cells will be as thick as the monocrystalline cells but have a much more specked 
finish.  
 
Again these cells are less expensive, but the caveat to that is a reduction in 
efficiency as well. A relatively recent alternative to the polycrystalline PV cell is 
created through the Siemens process and is called upgraded metallurgical grade 
(UMG) silicon or UMG-Si. This silicon is only 99% pure, significantly less pure 
than polycrystalline silicon (99.99999% pure in some cases) but makes up for 
this with also being much cheaper. 
  
Amorphous- these cells are not crystalline silicon but rather amorphous silicon 
placed in a thin film over a non-silicon substrate. Amorphous PV cells are 
flexible, cheap, and durable but also inefficient. The output power is known to 
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have a drop off after an initial period using the device, after this the power 
remains constant, this is the number used for quotes and pricing.  
 
There have been improvements to the amorphous silicon of late that allow for the 
stacking of the thin films to manufacture better efficiency out of them. Each layer 
of the thin film amorphous silicon PV cell is adjusted to work best at a certain 
frequency of light allowing the other light to travel through to the next level. This 
is a technique specific to amorphous PV cells due to their ability to be more 
transparent than their counterparts.   
 
Since amorphous cells are less efficient than monocrystalline and polycrystalline 
they require more surface area of cells to create equal power output. This size 
factor must be incorporated into the design of smartPARK since size of the 
device is a crucial aspect of the project.  
                                                                                                                         

3.2.9.2.2 Durability 
 
The following tests/characteristics are used to quantify and compare different PV 
cells on scales of durability.  
·      Humidity 
·      Thermal Cycle 
·      Radiation 
·      Pull Test 
·      Substrate 
·      Ability to be soldered 
 
One of the main reasons why PV cell technology is progressing so much and 
why it’s continuing to produce more and more power worldwide is it’s increase in 
durability; this upsurge has undoubtedly also led to its decrease in price globally. 
One of the main causes for failure and lost efficiency of PV cells is corrosion 
caused by moisture within the cell; humidity and various other types of water 
intrusion can cause this. Silicon is acknowledged as having elevated moisture 
permeation rates so developing better ways to protect the silicon cells is 
incredibly important. Higher moisture rates inside the cells create increased 
corrosion, which leads to higher resistances among the electrical components of 
the device. The increase in resistance leads to a drop in power output and 
current. Water vapor transmission rates (WVTR) are vital in finding the best PV 
cell for this project because of the a.) ever present Floridian humidity factor b.) 
external position of the sensors and power supply c.) weather durability 
constraint.  
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3.2.9.2.3 Charging 
  
Using photovoltaic cells to power the camera sensor full time would be difficult in 
practice and most likely put unnecessary restraints on the current sensor 
research. It is more feasible to use a hardwired power system for the sensor and 
in an event of power outage switch to battery. This battery would be charged 
potentially with the use of solar panels.  
 
With the use of solar panels for charging it is key to have maximum power point 
tracking capability since PV cells are inherently inefficient as mentioned 
previously.  
 

3.2.9.3 Power Management  
  
3.2.9.3.1 Controller  
  
The IP camera will be hardwired into mains power for normal use while a solar 
panel will charge a battery for use if the hardwired power fails for a short amount 
of time. The Foscam FI8904 comes with a 5V DC power supply to power the 
device so this is also the goal for the solar power battery to meet.  To get the 
best results out of the PV panel a MPPT charge controller will be used. A buck-
boost converter will be used as well for the battery and PV side of the controller. 
These currents and voltages will be measured with measuring circuits as well. In 
Figure 3.2.9.3.1-1 a diagram of the battery charger is shown.  
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Figure3.2.9.3.1-1 Flowchart of PV and Battery Controller 

 
 
 
The first section of the design uses the buck-boost converter that is just a DC-DC 
converter. Buck-boost converters output a equal or greater DC voltage than 
inputted. This is done with a NMOS, diode, inductor and capacitor. There is 
equivalent resistance on the inductor and capacitor that will also be factored. The 
buck-booster will work in two operation modes known as continuous and 
discontinuous modes. These “on” and “off” modes offer different principals; while 
“on” or in continuous mode the inductor and the input voltage are directly 
connected to each other. This energy is stored in the capacitor and in this mode 
the capacitor supplies the output load with energy. In the opposite, the “off” or 
discontinuous state, the output load and the capacitor are connected to the 
inductor and this allows for energy to flow between the inductor to the capacitor 
and the resistor. These two states will be examined in more detail, as to how the 
mode, selection of duty cycle and input voltage determine output voltage. It will 
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be advantageous to have the buck-booster use just one mode so that the 
frequency response of the inductor doesn’t change so much back and forth.  
 
All of the analysis here will be done using steady state conditions of the output 
voltage and output current keeping constant as well as the input voltage. This is 
most appropriate for the smartPARK operations as the voltage and current will 
not change going to the IP camera. While in the continuous mode the current 
passing through the inductor is increased with the applied voltage. With the 
steady state condition in place the input voltage stays constant, it is for this 
reason that the inductor current will increase linearly. This difference in inductor 
current is shown: 

 
ΔL is the ripple current in the inductor. Here the capacitor is supplying the load 
output with all of the current. When “off” the current IL does not switch 
instantaneously, so while the current IL decreases the voltages changes polarity 
thus switching the diode to becoming forward biased and turning on. The current 
IL is running through the diode the resistor and the capacitor now. This 
combination results in VO being reversed in polarity to VI. The current during the 
“off” time is shown below and is decreasing linearly.  

 
Again, there is a ripple current that is being expressed. The ripple current here 
must be the same as before otherwise the difference would indicate a non steady 
state situation due to the increases or decreases in each cycle. The voltage 
association in the buck-boost converter during the continuous conduction mode 
is shown. The output voltage is dependent on this time on and time off ratios.  

 
 
If the circuit is known then this equation can help find the values for the diode as 
well as the output voltage. This equation also shows that if certain small values 
for VDS, Vd and RL are ignored then the equation greatly simplifies to show that 
the output voltage will be tied directly to the duty cycle D. Output voltage 
continues to increase to infinity as the duty cycle approaches 1 which would 
result in the inverse of the input voltage being multiplied by a larger and larger 
number as shown here.  

 
Here, unlike in the buck power stage, the output current is not the same as the 
average current through the inductor. This is because only during TOFF will the 
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inductor deliver any current to the load. So for the inductor current and the output 
current to be related, the average output current through the capacitor has to 
equal zero. These two equations shows the output current as well as the average 
inductor current and links the relationship between the two.  

 

 
This second equation shows the average current through the inductor being 
proportional to the output current, the only other factor being the diode. This is 
again calculated within the continuous conduction mode for the buck booster. 
The first equation shows that the minimum and maximum currents through the 
inductor follow the output current so if output current increases by 5A the 
corresponding min and max through the inductor will increase 5A as well.  
 
The next task is to do some of this work over for the discontinuous conduction 
mode for the buck booster, again in steady state. The diode will prevent the 
current through the inductor to go below zero, for this reason, the circuit turns 
into the discontinuous conduction mode. The continuous conduction mode had 
the two unique possibilities with switching but for the discontinuous mode there 
exists three. The extra condition is when the current through the inductor is 
between the thresholds of being in continuous and discontinuous modes. Here 
the inductor current drops to zero, triggering the next cycle to start.  
 
Not only is there one extra state to exist in with the discontinuous mode but there 
is also the problem of having completely different frequency responses than from 
the continuous mode. The three states that the discontinuous mode can inhabit 
are shown below. 

Q D State 

On Off ON 

Off On OFF 

Off Off IDLE 

 
Figure 3.2.9.3.1-2 Possible States for Discontinuous Conduction Mode 

 
The ON and OFF states are the same as in the continuous conduction mode as 
in the discontinuous conduction mode. The IDLE state is a switching state that 
did not exist previously. Considering some voltages to be small enough to ignore 
the DC resistance in the output inductor, the voltage drop over the output diode 
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and the MOSFET voltage when ON. The inductor current will increase and 
decrease depending on TON and TOFF. These two equations give the change for 
each, respectively: 

 
and 

 
 
Again, the increase and decrease of current will be equal to each other, just like 
in the continuous conduction mode. If these equations are combined and solved 
for output voltage then the following equation is born.  

 

 
 
Now that voltage is known and load resistance is known the output current can 
be calculated. 

 
 
 
If IPK is substituted then the resulting equation is… 
 

 
 
 
To find the output voltage one must set the equations equal to each other by 
solving them both for D2. This is because the two equations are completely in 
terms of input voltage and D and D2. Output voltage becomes: 
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This is a much different result from in continuous conduction mode, which is 
because the output voltage was only a function of duty cycle and input voltage. 
Here the output voltage is dependent on input voltage, duty cycle, inductance, 
switching frequency and load resistance. Since the buck booster is to usually be 
used in one mode one must decide which is a better choice for each individual 
application.  
 
Buck boost converters can work in continuous conduction mode only for loads 
that have currents higher than ~10% of the full load. The inductor is usually what 
determines the mode of the buck booster because the input voltage, load current 
and load voltage are usually defined; this would also be true for smartPARK. 
Now, it is important to find the critical value for the inductor to maintain the 
continuous conduction mode. To find this the inductor current must be used for 
the critical current value. Therefore the average value is used to execute the 
required continuous conduction mode specifications. 

 
 
 
Now finding the worst case scenario, which is one that would produce the largest 
Lmin, and substituting for Lmin the equation becomes: 

 
and shortened becomes, 

 
 
Now that the inductor value to keep the buck booster in continuous conduction 
mode is computed all that’s left is the selection of the components themselves. 
The output capacitance is important because it’s there to keep the output voltage 
constant by minimizing the ripple voltage. This ripple voltage is a function of the 
equivalent resistance, inductance and capacitance. Since a continuous 
conduction mode is desired the parameters of the capacitance are in the output 
current, switching frequency, and output ripple voltage. The following equation 
guides the capacitance: 

 
D(Max) here is the maximum duty cycle, but since this is for the continuous mode 
the equation for the discontinuous mode will be slightly altered.  
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Now that the capacitance is taken care of for both situations, the equivalent 
series resistance can be looked at. If a capacitance is chosen that is high enough 
that the ripple voltage due to the capacitance can be ignored then the following 
equation can be used. This is also for the continuous mode case. 

 
And for the discontinuous case can be simplified to: 

 
Finally the ripple current in the capacitor must be examined; this is due to the 
negative impacts it can have on the capacitor. With higher ripple currents more 
and more heat is created inside the capacitor, which will lead to a shorter lifespan 
for that capacitor. In continuous mode the ripple current in the output is given by 

 
 
 
Next, the output inductance is considered when choosing values for components. 
Since the inductor stores the energy in the buck booster and does so by limiting 
the change of the current flowing through creating a magnetic field it becomes a 
very important device. A selection that can determine whether the buck booster 
is in continuous or discontinuous conduction mode. The ripple current that exists 
in the inductor is directly proportional to the voltage input. This means it is also 
inversely proportional to the inductance. In finding an inductor best for 
smartPARK there are several factors to take into account. These factors include 
but are not limited to the maximum DC current and max frequency. If the inductor 
is used outside of its current range it can overheat which will cause failures. 
When there is current through an inductor there is always dissipation in power 
because of the natural DC resistance. This loss over the inductor is shown below 
as: 

 
 

 
The next hardware decision is the transistor. This transistor has the assignment 
of managing the power between the input and output sources. The transistor 
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allows current and blocks it depending on the mode that the buck booster is in. 
The faster the power transistor can switch between states the better. The best 
choice for buck boosters is usually a PMOSFET this is due to the simpler gate 
drive and allows for good performance to cost ratio. The power dispersed by the 
transistor is calculated below. 

 
Another important specification of the MOSFET to look at is the junction 
temperature and the following equation estimates this temperature by adding the 
ambient temperature and the innate thermal resistance of the MOSFET itself.  

 
After the transistor is chosen the diode that provides the path for current when 
conducting in the TON is considered. This diode for this application should be a 
fast switching diode with deliberation on the drop voltage, breakdown voltage 
current rating and packaging. Here as elsewhere it is important to minimize 
losses and the main losses for this diode is because of the voltage drop over the 
diode and the load current. This results in the following equation: 
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4 Project Hardware and Software Design  
	  

4.1	  Initial	  Design	  Architecture	  
The design for smartPARK consists of using the research performed by each 
member of the group and deciding collectively on a parts list as well as design 
summaries broken down by each subsystem.  The system has been divided into 
three equal parts in order for the total work done by each member to be evenly 
distributed. These three parts consist of the grouping of several elements 
required for the functionality of smartPARK. 	  

4.2	  Subsystems	  
	  

4.2.1. Internet Protocol Camera 
	  

The Foscam FI8904W outdoor wired/wireless IP camera provides a NTSC video 
signal over both a Wi-Fi and Ethernet connection. It's capable of providing video 
over both a wired and wireless connection. It provides IR lighting for low light 
viewing up to 20 meters which should exceed our needs because the UCF 
parking lots are lit at night and do not suffer from low light conditions during 
normal operation. The viewing angle is 50 degrees, which means it, must be 
placed at a significant distance and height away from the parking location in 
order to visually cover, or sense, the desired amount of parking spaces. The 
NTSC version of this camera was chosen, instead of the high definition 720p or 
960p versions of this camera, because of the significantly lower price point while 
still fitting all our needs for image analysis. While moderately more expensive the 
outdoor version of this camera was chosen because the camera will likely be 
tested in an uncovered outdoor environment. All data will be sent through the 
FI8904W integrated Wi-Fi antenna.  
 
The Foscam FI8904W can function under the 802.11b standard, at 11Mbps max, 
and the 802.11g standard, at 54Mbps max. For wireless security the smartPARK 
Design will be utilizing WPA encryption  while transmitting MJPEG video. The 
video signal can be accessed by most Internet browsers through the IP 
addressed assigned to the camera. The Foscam FI8904W provides a graphical 
user interface for camera viewer that allows for the monitoring of several IP 
cameras. The MJPEG video resolution will be 640x480 pixels at a rate of 30 
frames per second.  
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Table 1 

Device Foscam FI 8904W 

Resolution 640 x 480 Pixels 

Weight 2.5 lbs. 

Lens F:2.8mm, F: 2.4 (Infrared) 

Viewing Angle  50 Degrees 

Audio Output No Audio 

Image Compression MJPEG 

Image Frame Rate 30fps 

Light frequency 50-60Hz or Outdoor 

Image Adjustments Brightness, Contrast 

Wireless Standards IEEE 802.11b/g 

Wireless Encryption  WPA/WEP 

Dimensions 9” x 5” x 3.5” 

Supported Platforms Internet Explorer, Firefox, Safari, 
Chrome 

Infrared Light 24 Infrared LEDs 

Night Visibility Up to 20 meters 
 
Installation - Before the Foscam FI8904W camera will be configured for wireless 
operation it will be installed and configured on a wired connection to the wireless 
router that will be used for the camera's Wi-Fi connection. Foscam provides 
software entitled 'IP Camera Tools' which must be run on a devise on the same 
wireless network as the FI8904W camera. 'IP Camera Tools' allows for the user 
to set up, troubleshoot and identify the new acquired IP address of the camera.  
Once an IP address is obtained by the user they can then access the camera 
through most common Internet browsers. The graphical user interface displayed 
in figure 4.2.1. allows the user to adjust the image quality and perform 
administrative tasks.  
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Once the wired connection is functioning properly to install the camera wirelessly 
the Service Set Identifier (SSID), Encryption Method, Encryption technique and 
share key of the wireless network must be obtained.  That information will then 
be entered into the FI8904W's “Wireless LAN Settings”  located by entering the 
camera's IP address, obtained through the 'IP Camera Tools' software, into most 
browsers and then entering the “For Administrator” menu. Once the information 
is entered the FI8904W camera will reboot and will acquire a new IP address that 
can be found once again using the 'IP Camera Tools' software. The camera can 
now function wirelessly and the video stream can be obtained through most 
common Internet browsers. 
 

 
Figure 4.2.1. Foscam IP Camera Graphical User Interface 

4.2.2. Display & Keypad 
	  

Thin-Film-Transistor Liquid-Crystal Display - For the large parking lot display 
device smartPARK is employing an TFT- LCD monitor because of it's small size, 
native HDMI input, low power consumption compared to a CRT monitor and its 
accurate output of video at it's native resolution. The ASUS VE228 21.5 inch 
monitor will be employed in the smartPARK design because it fits all of the 
requirements needed for our design along with a 1920x1080 resolution and LED 
back-lighting which provides increased brightness and improved color saturation. 
The 21.5-inch Asus VE228H LCD monitor will be driven by an Android device 
running the smartPARK application in the parking lot 'map view' portion of the 
application. Each parking space will be color coded with either a red, green or 
blue box which signify an occupied,  unoccupied, and reserved parking spot 
respectfully. The Monitor will reflect all changes that occur in the parking lot but 
will never leave 'map view' during normal parking lot operation.  
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Figure 4.2.2.1. LCD Display and Keypad Design 

Keypad - The Keypad will consist of three distinct components a microcontroller, 
4x20 character LCD screen and a keypad similar to the design shown in figure 
4.2.2.1. The Atmega328P microcontroller was chosen because it's low cost, good 
functionality and larger quantity of pins. The keypad will be composed of twelve 
tact switches mounted to the PCB in four rows of three switches. The 4x20 
character LCD screen allows the microcontroller to output all the text needed to 
prompt the user for a response and display their response at the same time. All 
of these components will be housed in a single weather resistant case that allows 
for easy viewing of the LCD screen and proper uses of the tact switches, or 
buttons 
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Microcontroller - The smartPARK keypad will driven by the Atmel Atmega328P 
microprocessor. It's an 8-bit processor that runs at relatively low power and is 
based on RISC Architecture. It provides 32KB of flash memory to store program 
instructions and 2KB of ram. It provides twenty-three programmable input/output 
lines. It requires 5V and can safely operate between -40 degrees Celsius and 85 
degrees Celsius. The software for this microcontroller can be written in both C 
and Assembly.  
	  

Buttons - To create a keypad for the smartPARK device a series of tactile 
switches will connected in the shape of a four by three matrix. The I/O pins 
connecting the rows will configured as input and the pins connecting the columns 
will be connected as output. A pull-up resistor will be attached to each input line 
and a pull-down resistor will be attached to each output line. Each input line will 
be pulled high, or an input of '1,' and then the microcontroller will sequentially run 
set each output line low, or an output of '0.' The microcontroller will then 
continuously check each input line for an input of ‘0’, which indicates a button, 
has been pressed. This method will require seven I/O pins in order to control a 
four by three button matrix. The keypad button layout will be in a matrix of [{ 1, 2, 
3}, {4, 5, 6}, {7, 8, 9}, {Cancel, 0, Enter}], as shown in figure 4.2.2.2. and will be 
located below the 4x20 LCD screen located on the keypad.  

 
Figure 4.2.2.2 smartPARK Keypad Schematic  
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4 x 20 Character Display - For the LCD screen located on the keypad 
smartPARK will be using a Basic 20x4 Character LCD driven by the HD44780 
parallel interface chipset produced by SparkFun Electronics. It's capable of 
displaying 80 characters at once, which will provide the necessary space to 
prompt the user for their input and display their input at the same time. This LCD 
requires eleven I/O pins to interface this device with the microcontroller and 
operates on five volts.    
	  

Keypad Software - The software for the smartPARK Keypad will be developed in 
the C language. The software will display a greeting message on the 4x20 
character LCD screen located on the Keypad asking the user whether they'd like 
to reserve a parking space; if the user responds 'yes' by pressing the 'yes'/Enter 
button then the program will prompt them to pick a parking location indicated on 
the larger LCD screen above. The user will then enter the number of a parking 
location they desire to park in or select cancel to return to the greeting screen. 
The microcontroller then communicates with the server's database through a Wi-
Fi connection to discover the status of the selected parking location. If the 
parking location entered is unoccupied the software will reserve the parking spot 
in the database for the next minute. If the parking spot is occupied it will re-
prompt the user to reserve another parking spot. After a spot is successfully 
reserved the software will prompt the user restating the parking location that's 
been reserved and indicate that it will be reserved for the next minute. On the 
larger LCD located above the parking locations color will then change from green 
to blue. If at any time the keypad timeouts or the user presses the 'cancel' button 
the program will return to the greeting screen.  

4.2.3 Transceiver 

 
Figure 4.2.3-1 Flowchart of the CC3000 
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For the transceiver to be used in smartPARK the CC3000 from TI was chosen. 
The CC3000 is a self-contained wireless network processor and will ease the use 
of wireless communication. This is a Wi-Fi module that is a simple yet effective 
device for use in situations where low power microcontrollers are being used. 
This solution saves time and space on the board. The CC3000’s small form 
factor and good operating temperatures make it the right choice for this system. 
This transceiver is a good option for home automation, smart appliances, and 
energy efficiency applications. This transceiver will work with a second Atmel 
ATmega328P. 
 
The CC3000 uses an auto-calibrated radio that has a single 50-ohm interface 
that allows easier access to the antenna without having the requirement of 
proficiency in radio circuit design. The CC3000 allows for on chip security such 
as WEP, WPA, and WPA2 and also has an advanced connection manager that 
allows for simple access to networks without involvement by the user. The 
network stack will enable simple connectivity with any microcontroller or ASIC 
which is crucial for smartPARK. Finally, the interface with the CC3000 will be 
over a 4 wire serial peripheral interface that also works with any microcontroller 
or processor and has a clock speed of 16MHz. The pin diagram is shown in 
Figure 4.2.3-2. The five line SPI controller interface is also shown in Figure 4.2.3-
3. 

 
Figure 4.2.3-2 Pin reference of the CC3000 
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Figure 4.2.3-3 Five line SPI interface 

 
 
 
Finally, the processor and the CC3000 are shown together with corresponding 
pin-to-pin input and output drawing is shown in figure 4.2.3-4. This is the basis of 
the design for the transceiver communication system.  

 
Figure 4.2.3-4 Atmega and CC3000 Schematic  
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4.2.4 Network  
	  

For proof of concept purposes, a local network will be set up using some existing 
hardware owned by the members of the team. The team will be using a wireless 
router, more than likely the once mainstream Linksys WRT54G. The router will 
be used as the main device that will connect all of the main components of the 
smart park system, including the server, the IP camera sensor, the Wi-Fi enabled 
mobile devices and workstations for testing purposes. The router will be secured 
using the WPA2 security settings and the wireless SSID will not be broadcasted 
since it will only be used for the purposes of the smartPARK system. The server 
and any local workstations will be connected directly to the router via IEEE 802.3 
Ethernet using Cat5e cables which are able to support transfers up to 1000 
Mbps. Initially the IP camera will be connected in the same manner for 
configuration purposes, but it will be later removed and will have access to the 
network via IEEE 802.11 Wireless G which is able to handle up to 54 Mbps.  
 
In order to enable features beyond the ones originally provided with the router 
from the manufacturer, the device will need a change in firmware. The Linksys 
WRT54G router will have its firmware flashed to the DD-WRT firmware. DD-WRT 
is an open source, Linux based firmware that is suitable for a great variety of 
Wireless LAN routers and embedded systems. The firmware allows the user to 
basically supercharge existing piece of equipment and enabling functions that 
are not originally provided by the routers manufacturer and allowing for use of the 
device’s full potential without any firmware restraints. Upgrading the firmware will 
allow for a boost of the wireless signal, enable Quality of Service QoS for the 
specific applications that will in use, advanced configuration of port forwarding for 
enabling remote access to the machine and the ability to setup a virtual private 
network VPN. 
 
4.2.5 Server 
	  

Essentially the smartPARK server will perform many crucial functions that will 
allow for the functionality of the system. These primary functions include the 
execution of the image processing software, which takes in the live video stream, 
extracting the information and storing it in the MySQL database and converting 
that information to proper format using a series of web technologies and then 
enabling the end user to access the system via HTTP. In order to easily distribute 
the different tasks amongst the smartPARK team members, a modular approach 
will be taken for the developmental stages of the system. The daemon will run in 
the background constantly feeding the information obtained from the image 
recognition software to the MySQL database. Using PHP in conjunction with 
JavaScript, this information will be transmitted to the Internet making it available 
for the web based and mobile applications to access. The daemon will have the 
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ability to remotely connect to the MySQL database, and have access to read and 
write data to it. Although this primary implementation of will have both the MySQL 
database and the webserver on the same machine as the server, the system will 
be design for the daemon to have remote access to the database.  

 

Machine Virtualization - For the purposes of scalability, modifiability, portability 
and robustness throughout the development and prototyping, the server system 
will be implemented within a virtual machine atmosphere. The main computer 
running the virtual machine will be capable of emulating the desired server along 
and exceed the recommended system requirements. The core machine used to 
run the virtual machine environment will be an existing Dell Laptop with an Intel 
2.4Ghz processor and 4GB of DDR2 Memory. The Virtual Machine application 
the team has decided to select is VirtualBox, not only because of it being free of 
charge, but because of being backed by Oracle and used widely in the industry, 
the guides  resources available for it are countless.  

 

Server Operating System & Other Software - For cost limiting reasons and 
because of it being a platform widely used, the Linux distribution of Ubuntu 
Server 14.04 LTS has been chosen as the server’s operating system within the 
virtual environment. In order for our virtual machine to have full network access 
and for the user to have more control, the networked device will be bridged. The 
virtual machine will be used to run some of the main applications used in the 
smartPARK system. As previously mentioned, MySQL will be used as the 
systems database collecting data from the image recognition software and 
storing it in the local host. In order to serve HTTP request on a local network, the 
latest version of Apache HTTP Server v2.4.9 will be installed and configured to 
our needs. The Apache HTTP Server is renown and generally recognized as the 
world’s most popular web server. It was originally designed for the Unix 
environment but recently ported to windows and other network operating 
systems. The web server provides a full range of features including DDL, CGI 
and virtual domains. The MySQL database will communicate with the Apache 
web server through various configured server side scripting languages for local 
communication and via TCP/IP with the daemon.  The selected server side 
scripting languages used in the smartPARK system are JavaScript and PHP and 
will serve the function of updating and generating the HTML formats displayed on 
the web and mobile applications for the end user. 
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Database MySQL - All of the data needed for the user interface, along with any 
data collected from the image recognition software will be stored and organized 
using a MySQL database. The latest version of MySQL will be installed and 
configured on the virtual server machine, along with an installation of MySQL 
Workbench, a visual database design application that can be used to efficiently 
design, manage and document database. The primary database will be created 
and given the title smartPARK that will contain various tables with a series of 
unique data entries. Since the majority of the locations that will be tested are very 
similar to each other, the adjacency list model will be the model in place to store 
the data obtained. The main categories that will be used within the database will 
be Primary Location, Lot/Garage, Floor, and Rows. The database will be created 
in such way that the operator will be able to display a broad view of the 
garages/lots or find the exact number of spots in a specific area. This same 
information will be translated into a simple GUI for the end user. 

 

4.2.6. Image Recognition 
 
smartPARK will be using the Java programming language to write the image 
recognition software. In order to analyze the video stream, frames of the video 
have to be extracted from the stream. The Foscam FI8904 produces a video 
stream in the MJPEG video format, which is essentially a stream of updated 
JPEG image files fifteen times per second. smartPARK will not be analyzing 
color JPEGs, however, the images extracted from the stream must be converted 
to gray-scale images for faster processing.   
 
A comparison of pixel intensity values is performed by comparing a calibration 
file, which represents the null case of the parking location being monitored being 
empty, and comparing it to the newest image file. Each pixel in the gray-scale 
image is assigned a value from 0-255 representing the intensity of gray each 
pixel represents. 0 represents the black case, 255 represent the white case and 
the values in between will be shades of gray linearly progressing from black to 
white. The calibration image file is then used to access the areas of the image 
which need to be monitored, which are the parking locations. smartPARK's 
image processing software will then compare the calibration image to the image 
extracted from the video stream and produce a difference value for each 
specified parking location. There will be a threshold level for each parking 
location, which represents a small or insignificant change and a large change in 
image intensity values. A small or insignificant change in the image intensity 
value is likely due to a lighting change or image noise produced by camera or file 
conversion. A moderate change in the image intensity value could be a false 
positive due to an extreme lighting change or could represent a vehicle whose 
color closely matches the original intensity values; another case which might 
return a moderate change is the presence of a smaller vehicle in the parking 
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location such as a motorcycle. The final case, the large change in intensity value 
for a parking location, will represent a very extreme change in the pixel values 
and will nearly always provide an accurate positive result for the parking location. 
For the parking locations which return an insignificant change in intensity value 
the database will be updated with a '0' and when the program returns a large 
change the database will be updated with a '1' for that parking location. To 
account for the moderate changes in pixel array values testing will be performed 
to create a threshold value that differentiates between a false positive readings 
from a false negative readings. 
   

4.2.7 Mobile and Web Applications 
 
Although the smartPARK system will be very complex when it comes to the tools 
needed for proper functionality, the end result is to have a clean, simple and 
attractive graphical user interface. This will be the space where the end user can 
directly interact with the smartPARK system, receive feedback and allow the user 
to make operational decisions. The entire smartPARK system revolves around 
this ultimate application that will be the point of access for the end user who wish 
to utilize the smartPARK system. The user interface gives the user the ability to 
select a parking destination, discover all of the parking information for each 
specific destination and have access to additional smartPARK features that are 
currently under development. 
 
Since the goal for the user interface to be broadcasted on both the web and 
mobile, while allowing the user to be interactive. For simplicity and feasibility, the 
jQuery Mobile interface system will be used. The smartPARK system will use 
jQuery Mobile as a scripting layer to handle all of the classes used within the 
design. jQuery Mobile is an HTML5-based user interface system that has been 
designed for the creating of responsive websites and applications that are 
accessible on all smartphones tablets and desktop devices. It contains a series 
of plugins that provide an application-programing interface, which allows for the 
creating of web and mobile applications. These standard jQuery libraries will be 
used in order to accomplish various tasks including the creation of an API, 
creating widgets and applying event listeners. The main layout and graphical 
view of the system will be created by a combination of tools including CSS and 
jQuery Mobile. 
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Figure  4.2.7.1 

Web and Mobile applications will be available for the user, but the primary focus 
of the smartPARK system will be heavily based on the mobile application. All of 
the important information gathered by the smartPARK sensors, will be pushed 
from the database and displayed through the applications. The codes used will 
be a combination of PHP embedded within the body section of basic HTML. The 
decision was made to create multiple template files for the various screens 
accessible via the application. These screens include the Home Screen, Location 
Select, Garage Lot Select and Vehicle Locator. The use of template files allows 
for scalability when going from the actual web application to the small screen size 
of the mobile application. 

 
Figure 4.2.7.1 shows the primary Home Screen of the smartPARK mobile 
application, with an easy to find navigation tool below the logo. Immediately the 
user is able to select the parking location, vehicle location and settings. Every 
area of the application will be interactive and will work as buttons allowing the 
user to quickly and easily navigate the system. Once the location has been 
selected, the user will be presented with a list of all the parking lots or garages 
available. By using PHP, data will be constantly pull from the database and each 
garage list will constantly dynamically generate. For a cleaner look and a more 
workable program, recursive methods will be used when generating each of the 
items on the various screens. 
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Figure  4.2.7.3:Parking Lot Details 

The preceding screen and 4.2.7.3 respectively once the user has selected a 
location are the actual parking lot or parking garage selector. The user will be 
able to view each of the parking lots available at their destination along with a 
percentage bar depicting the percent of parking spots available within each 
location. If the parking location of choice happens to be a parking garage, there 
will be a following screen allowing the user to select from the various parking 
garage levels. Once the level has been selected, the user will be presented with 
a two dimensional image of what that specific parking area looks like. This two 
dimensional image will depict exactly which parking spots the user can choose 
from. Once the user selects a parking spot that is convenient for them, the mobile 
application will record the information and allow them to access it with the 
Vehicle Locator feature.  

 
Figure  4.2.7.4: Mobile Application – Vehicle Locator 
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4.2.8 Power System 
	  

The power system for smartPARK is mainly operational through mains power 
grid. The IP camera has an emergency feature that allows the camera to run off 
of battery power when the main power has failed. This battery power is supplied 
to the battery via a solar panel. This solar panel and battery combination shows 
the scalability of the smartPARK system, which is one of the objectives of the 
project. In some situations parking garages or lots will not have access to mains 
power and by showing the ability for the system to run in an energy efficient way 
as this will broaden the possible applications for smartPARK. 
 
The photovoltaic cell that is chosen for smartPARK is a 10W Mono-Crystalline 
Solar Power Panel with 12V Charge Controller that will be useful when 
prototyping and testing the solar panel before the final prototype is finished with a 
printed charge controller. This photovoltaic is more than powerful enough to 
charge the battery for the backup system in smartPARK. Following is the 
specifications of the solar panel: 

Mono-Crystalline Solar Power Panel 
Power 10W 
Voltage (max); 𝑉!"  17.5V 
Current (max) 0.57A 
Open Circuit Voltage; 𝑉!" 21.95V 

Table 4.2.8 Solar Panel Specifications 

 
For the IP camera to run from the battery the IP camera uses 5V that would 
normally come from the power supply that is supplied with the device at 
purchase. The battery to be used is a 12V 7Ah lead acid battery that can be 
recharged by the solar panel already chosen. This 12V battery will be used with a 
voltage regulator to drop the DC voltage to 5V for use with the Foscam IP 
camera. This is a standard battery that is often shortened by “12-7”. The 7805 
series voltage regulator will output 1.5A to the IP camera from the 12-7 battery. 
The max operating temperature of the 7805-voltage regulator is 125 degrees 
Celsius. The following Figure 4.2.8-1shows the absolute maximum values for the 
7805, all of which will not be met with this project, which confirm that this voltage 
regulator will more than do the job.  

 
Figure 4.2.8-1 Max ratings for the 7805 Voltage Regulator 
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The rest of the smartPARK system will be powered conventionally with the option 
to possibly having the Keypad and Map portion of the project to also be powered 
via the battery and photovoltaic cell. The regulator and charge controller diagram 
is shown in Figure 4.2.8-2. 
 

 
Figure 4.2.8-2 Charge Control and Regulator within Power System 

 
 
 
 

4.2.9 Printed Circuit Board 
 
There are two printed circuit boards for the smartPARK system. The first is a 
simple keypad layout design that will be used in the smartPARK keypad 
enclosure along with the LCD and wireless transceiver. The schematic of the 
keypad was shown in Figure 4.2.2.2 and as with both printed circuit boards they 
were designed in Cadsoft Eagle program. The board layout of the keypad is 
shown in figure 4.2.9.1.  
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Figure 4.2.9.1 Keypad layout in Eagle software.  

The second PCB that was created was for the two MCUs to operate. The design 
was based off of the Arduino UNO but drawn from scratch in Eagle. The 
smartPARK PCB differentiates itself from the Arduino UNO in that there are two 
MCU’s on the one board as well as the lack of many things unnecessary for this 
project being left off. Designing from scratch allowed for only crucial parts and 
functions for smartPARK being included in the final design. This increases 
efficiency as there are not any parts not being used. The board layout of the 
MCU board is shown in figure 4.2.9.2.  

 

 
Figure 4.2.9.2 MCU Eagle Board Layout. 
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5 Design Summaries of Hardware and Software 

 
Figure 5: smartPARK Subsystem Overview 

 

As shown Figure 5. the smartPARK's flowchart is separated into subsystems 
representing a distinct engineering subsets of the smartPARK project. The server 
subsystem will handle the data management portion of the project along with all 
image analysis. The Processor Subsystem controls all the input/output received 
from the user once they arrive at the entrance to the parking locations. Our 
sensor subsystem consists only of an Internet Protocol camera, which includes 
an integrated wireless transceiver. The mobile subsystem covers all user end 
applications, which accessed over the Internet including mobile operating 
systems. 
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5.1	  Sensor	  Subsystem	  

 
Figure 5.1. Foscam FI8904W Subsystem 

As illustrated in figure 5.1. the sensor subsystem of smartPARK consists of a 
single camera sending  video data over a 802.11b/g connection. The server 
subsystem will receive all input from the sensor  subsystem. The signal will 
consist purely a stream of JPEGs at the NTSC standard resolution and frame  
rate of 30fps. Image adjustments will all be performed when received by the 
server. 

5.2	  Processor	  Subsystem	  

Figure 5.2.1 Atmel ATmega328P Pinout Chart 
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Pin Processor A Processor B 

PD0 Keypad Column 1 WL_EN2 

PD1 Keypad Column 2 WL_EN1 

PD2 Keypad Column 3 WL_RS232_TX 

PD3 Keypad Row 1 WL_RS232_RX 

PD4 Keypad Row 2 SPI_CS 

PD5 Keypad Row 3 SPI_DOUT 

PD6 Keypad Row 4 SPI_IRQ 

PD7 D1 LCD SPI_DIN 

PD8 D2 LCD SPI_CLK 

PD9 D3 LCD SDA_EEPROM 

PD10 D4 LCD SDA_CC3000 

PD11 D5 LCD SCL_EEPROM 

PD12 R/W LCD SCL_CC3000 

PD13 RS VBAT_IN 

5V VDD LCD VIO_HOST 

GND VSS LCD GND 

Table 5.2.1 Pin Processor Interface  

Figure 5.2. displays the pinout chart for the Atmel Atmega328P processor of 
which smartPARK will be using two. The ATmega328P features 14 digital I/O 
pins that smartPARK will be utilizing on both processors. Processor A, as 
described in Table 5.2.1, will control the button inputs and control the four by 
twenty character LCD. Processor B, will control the CC3000 Wi-Fi transceiver. 
Processor A and B will be in constant communication with each other updating 
incoming information from the data base and relaying user input from the keypad 
buttons. The keypad software flowchart, figure 5.2.2, describes the program 
processes at subsystem level. Because the smartPARK design uses two 
processors the software will have the additional tasks requiring the transfer of 
data locally. 
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Figure 5.2. 2.Keypad Software Flowchart 
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5.3	  Server	  Subsystem	  
Image Processing: 
The smartPARK server subsystem involves two macro processes: image-
processing software and a MySQL database, described in Figure 5.3.1. The 
image processing software receives all its input from the sensor subsystem and 
outputs all its data into the MySQL database within the server subsystem. 
Receiving an image file the software will determine parking location statuses and 
output Boolean data in the database. The database portion of the server 
subsystem will then provide all user end applications with the data-structure 
needed to create a graphical representation of each parking lot.   

 

Database: 

	  

Figure  5.3.1 

 
 

5.4	  Mobile	  Application	  Subsystem	  
	  

The mobile application flowchart pictured in figure 5.4. describes the mobile 
application process as the user would experience it. The user will have three 
distinct functions to choose from once the application starts; Location, Vehicle 
Locator, and Options. From each menu the 'Home Menu' will be accessible 
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through a single button press. The Location menu will include maps and parking 
lot information and the vehicle locator option will contain data on recent parking 
activity.  

	  
	  

	  

Figure  5.4 Mobile application flowchart. 
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6. Project Prototype Constructions and Coding 
	  

6.1	  Prototype	  Design	  
	  

Microprocessor Subsystem - The smartPARK microprocessor Subsystem 
prototype will consist of two Arduino Uno development boards, a CC3000 
breakout board, a 'keypad' circuit composed of twelve tactile switches wired on a 
breadboard. The two development boards will be powered through USB at 5V 
and 0.5A. The first development board will print to the LCD, take input from the 
tactile switches and send or receive data from the second development board. 
The second development board will send or receive data from both the first 
development board and from the CC3000 Wi-Fi breakout board. The CC3000 
breakout board, LCD screen and tactile switches will be wired using a 
breadboard as pictured in figure 6.1. The two development boards will 
communicate through a digital I/O pin.  

 

 
Figure 6.1. Keyboard Microprocessor A's sample prototype (unwired) 

6.2	  PCB	  Vendors	  and	  Assembly	  
	  

The PCB vendor that smartPARK has chosen is 4PCB due to many factors. 
4PCB allows for the uploading of Gerber files which can be exported through 
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using Cadsoft Eagle.  This ease of use was paramount in choosing the correct 
PCB vendor. 
4PCB and Advanced Circuits software also allows Gerber files to be uploaded 
before the order is placed, for a dynamic design rule check. FreeDFM is a design 
for manufacturability check that is one of the only online near instant checks 
anywhere. This finds any “show stoppers” in the Gerber files and flags them for 
the user. smartPARK did not have any problems using this software and gave 
smartPARK confidence that the PCB’s were going to arrive in working order. It 
also ensures that all of the files needed for manufacturing are there are nothing is 
missing. This means that holdups in CAM are much less likely after using the 
FreeDFM check.  
 
After the PCBs were acquired by smartPARK it was necessary that some of the 
smaller components that were too small to be comfortably soldered to the boards 
be professionally placed. Quality Manufacturing Services INC. in Lake Mary 
Florida were hired to accurately and professionally place these parts. QMS took 
less than a day to turn around the parts for a reasonable price of $2 per part 
placed. The final boards after manufacturing are shown in Figure 6.2.1 and 6.2.2.  
 

 
Figure 6.2.1 smartPARK keypad PCB post assembly.  
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Figure 6.2.2 Showing both PCBs as well as a test setup with the CC3000. 
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7 Project Prototype Testing 
	  

Testing the initial prototype and the final prototype will require a specific 
hardware and software plan to be executed. The following describes the route 
that smartPARK has decided to take with testing.  
 

7.1	  Hardware	  Test	  Environment	  
 
Great care must be taken when testing the intermediate and final hardware 
prototypes for smartPARK. The physical test environment will happen in multiple 
stages at different locations. The actual tests themselves will be discussed in the 
next section. 
 
The first type of testing is lab testing the components of the system. Individually 
testing each component alone to verify correct specifications as well as testing 
them together to verify compatibility. The three main hardware devices to be 
tested in this manner are the IP camera, the transceiver and the power system. 
The second group of testing will be location based testing of the entire hardware 
and software aspects of the project. Preliminary testing can happen at a few 
different locations that have been specified: faculty parking lot behind the College 
of Optics and Photonics study office next to the Parking Garage C due to it’s 
relatively low traffic as well as having a good amount of spaces for the device to 
be tested with; on top of Parking Garage D facing Health and Public Affairs 
Building would allow the camera to be in a high vantage point with visual access 
without interruption to the parking lot below; or an off campus location such as 
Heath Dittman’s Apartment complex due to the availability of being on a second 
floor apartment and unimpeded access to the parking below, the Wi-Fi access in 
these locations is also worth noting. 
 
To create the proper environment for testing there must always be a regimented 
outlook on the tests and their findings. Looking for results that aren’t there 
because of a bias in the project will not be beneficial in the long run. For the final 
prototype test to be administered under the careful eye of faculty one of the first 
two locations mentioned will be used. This will require prior setup time for the 
image recognition software to be ready to interpret the data that is being sent to 
the server. Access to the rooftops of any engineering building is pending but 
there are alternatives as well.  

7.2	  Hardware	  Specific	  Testing	  
	  

To test the hardware systems of smartPARK there must be a specific plan of 
testing for each aspect. 
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IP Camera - This sensor will be tested by using both the hardwired 5V power 
supply and by switching it to battery power, the tests will verify proper operation 
under both power conditions. To test correct operation with the physical camera 
itself, test photographs and video of the test locations will be taken and analyzed 
for quality. It is important to find good resolution, lighting, and definition so that 
the image will be qualified for recognition and processing. 

 

Transceiver - Testing the transceiver will mean testing all possible 
communication pathways between the IP camera to the transceiver and 
microcontroller. Testing the Wi-Fi protocol by sending information through the 
camera and making sure all of the packets of information are sent and received 
correctly and processed. Making sure the microcontroller communicates with the 
transceiver is equally important. 

 

Power System - Even though the components of the power system have been 
selected so there will be no problems, there is always the possibility of 
malfunctioning parts or miscalculations. Here there will be a few sections of the 
power system important to test. The first is testing for correct voltages and 
currents for the battery that will supply the IP camera with backup power. It is 
important to verify this test before going onto testing the IP camera in backup 
power mode since if the voltage or current are wrong there could be damage 
done to the IP camera which is a more difficult fix then finding a new battery 
solution. Secondly, testing the output of the solar panels during different times of 
the day to find the open circuit voltage and the short circuit current and creating a 
log of how it performs at each type of sun/ time of day. This will give smartPARK 
good data on the maximum power point tracking as well as what to expect for the 
charging of the battery. Finally, testing the IP camera’s response to loss of main 
power but unplugging the power source while it is connected to backup battery. 
Making sure there is a smooth transition onto battery power and testing how long 
the battery will last under these conditions with no extra solar power being 
transferred to the battery will be verified.  

 

7.3	  Software	  Test	  Environment	  
 

Image Processing - For testing the Internet protocol camera will need to be 
mounted somewhere above the desired parking locations but the ideal angle of 
view, camera height and camera position have all yet to be determined. In order 
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to obtain that information the IP camera will be tested at several different heights, 
angles and locations. The camera location that provides the best environment for 
testing and provides consistent Wi-Fi coverage will then be established as the 
testing location. Once that is complete recording an image of the parking 
locations while they’re unoccupied creates the calibration file for pixel intensity 
comparison.  For testing there should be at least four parking locations 
monitored. Each parking location will then be established as an array of interest 
for the software to analyze. Finally monitoring the lighting conditions the camera 
is exposed to is required because they'll have a significant effect on the accuracy 
of the image processing system.  

 
The image processing software will require a computer with access to the 
Internet that's capable of capturing images and processing them within two 
seconds. The task of quantifying the threshold values for the three cases desired 
can be completed by creating each situation or waiting for them to occur 
naturally. The moderate change threshold case will then use haar rapid object 
detection to increase the accuracy of the system. Once the algorithm for the case 
is complete the software will place a value into the smartPARK database 
representing the status of the parking location. Since the image processing 
software will be running continuously the smartPARK database will be fully 
updated every cycle and will not require maintenance due the image processing 
software. Because of the easy mobility of the camera the image processing 
software can be tested on any location just as long as the calibration images can 
be acquired and Wi-Fi access is available.  
 

Keypad Software - The Keypad design requires access to 5V, a Wi-Fi 
connection, and access to the smartPARK database to be tested. Once all three 
requirements are met the keypad can function as a user device in any location, 
which has access to the smartPARK android software's Map View. 

7.4	  Software	  Specific	  Testing	  
	  

Image Processing - The first piece of analysis performed by the image 
processing software will be to compare the pixel intensity value for each parking 
location to that of the calibration file to determine whether there is an 
insignificant, moderate or large change in value. For testing, each case needs to 
be reproduced and measured; Insignificant changes can be reproduced by 
measuring the values for slightly different lighting conditions or introducing a 
small object entering the parking location such as a piece of trash or a parking 
cone. To reproduce a large change in the pixel intensity value the smartPARK 
team can place a vehicle into the parking location to create images for that case. 
To create a moderate change in intensity value a vehicle of similar color to the 
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pavement can be placed into the parking location or a small vehicle such as a 
motorcycle.  

 

Server Database - Being that the server will perform various important tasks for 
the smartPARK system, a series of tests will have to be conducted to verify that 
all of the functions are performing to their minimum expectations. Since the 
server will be installed on a virtual machine, the first testing that has to be done is 
to test the virtual machine environment and verify that it meets all of the minimum 
specifications set for the virtual machine. The system will be configured to be 
twice as much as the minimum requirements for the Ubuntu Server version 14, 
and will be set to at least 2.0 GHz processor, 2GB RAM Memory, 20 GB Hard 
Drive and capable of VGA 1024x768 resolution. The virtual machine environment 
will also be tested for network connectivity to ensure that the bridged 
configuration is successfully connected to the network. Having a successful 
network connection is crucial for the implementation of smartPARK since the 
server runs a series of applications that need access to the web and it will also 
be transmitting data to the web for the user interface applications. The remaining 
applications and services that will run on the server will be tested individually to 
ensure that they all are functioning and meeting expectation. 

 
MySQL Database will also be one of the components constantly running within 
the server retaining, storing and organizing the information it receives from the 
image processing software. Testing the database is crucial since it will be the 
only source that will store the information needed for the smartPARK system to 
function to its expected purpose. The MySQL Workbench will be used during the 
implementation of the smartPARK system, which includes a series of tools 
available exclusively for the testing of the database functionality. These tests will 
ensure data mapping, data integrity, and ensure the accuracy of the implemented 
business rules created. There are a few steps that need to be followed in order to 
properly and accurately test a database. First the operator who will be testing the 
database will have to be extremely knowledgeable of both structured query 
language SQL and data manipulation language DML statements. The tester 
should also have a good amount of knowledge on why the database was created 
and what its main purpose as well as its structure. Once the tester has met the 
minimum requirements, then they can begin creating their own queries 
themselves. This method works for small to medium applications that are not too 
complex. Another method to test the database would be to manually verify the 
data table by table. This way might be a bit tedious depending on the amount of 
data and number of tables created. 
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Android - Once completed, the team will ensure that the Android Mobile Device 
application will work and meet of the minimum expectation requirements. The 
application must have a fast response time, easy to use, clean and ergonomic for 
maximum comfort ability. Throughout the development of the application, after 
many compilations the smartPARK team continuously tests the smartPARK 
mobile application throughout the Android Virtual Machine. The goal is to have 
the application uploaded to the Android Play Store; the team will test the 
application on various Android devices to verify its proper functionality with the 
different versions of Android as well as the different devices available. The team 
will also ask other students who own Android devices to download and assist 
with the ongoing testing. A survey will be generated and sent out to the group of 
students who test the application in order to receive proper feedback, correct any 
issues and allow for any further changes necessary. 

 

Keypad Software - The keypad software displays input and output print functions 
onto the 4x20 LCD Screen, receives input from the keypad composed of tactile 
switches and then communicates via Wi-Fi with the smartPARK database. Each 
of these functions will need to be tested separately and again as a system. The 
LCD software will be tested by printing various print statements to each line 
ranging from the size of one character to the maximum of eighty characters at 
once. Each location will be tested with zero through nine and every letter. The 
keypad will be tested by lighting a led for a specific pattern for each key press; 
such as pressing four will result in the led blinking four times. The wireless 
connection will be tested by updating the smartPARK database with a hard-
coded case over the Wi-Fi connection and then confirming the update did occur 
from the server.  

 
To test the keypad software for the entire system the keypad will print responses 
to the 4x20 LCD screen to confirm both are operating correctly. When the user 
presses a button the equivalent number will be printed on the LCD screen; when 
'1' is pressed '1' will be printed on the LCD. The keypad software can now be 
implemented and tested by running through the program and testing all possible 
cases. It must be confirmed, by checking the database on the server, that the 
entered parking location exists and is in fact unoccupied; if not the software must 
throw an error and ask the user for new input. Once valid input is confirmed the 
reservation system will be tested by reserving a spot on the keypad and then 
checking the database on the server to confirm the parking location's status is 
'reserved.'  
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8 Conclusion  
	  

The smartPARK system has allowed the team members to experience what it 
would be like to develop a brand new idea and bring it to life. Like in a real world-
engineering project, the team members were able to join a group of other future 
engineers of which they have never worked with before. Their task was to come 
up with an innovative idea that had meaning and purpose. The smartPARK 
system does that and more. The collaboration of these future engineers and the 
brainstorming of their ideas allowed them to create a system people around the 
world can benefit from. Since the system was a completely new creation and not 
something they have implemented before, thorough research had to be 
conducted in order to discover all of the components necessary for the design. 
Once the research had been done, the team grouped the different components 
and subsystems into three equal subsections so that the work done amongst 
each member is equally distributed. The multiple components that make up the 
smartPARK system allows for each individual team member to gain expertise in 
several areas of engineering, allowing them to broaden their knowledge in 
specific fields they might be interested in. Additionally, the team members must 
be able to work with and assist the remainder of the group allowing them to have 
well-rounded knowledge of the smartPARK system. Several parts that will be 
used in the system and many of the applications that will be implemented, have 
already been purchased and/or downloaded and the team has started with the 
developmental stages of the system. Although it is expected that many of the 
design specifications have the tendency to be altered during the implementation, 
the team believes sufficient research has taken place and a solid foundation is in 
place allowing for a good start on the actual project implementation. It is 
expected that he smartPARK system evolves into a renown application used not 
only within the University of Central Florida but across the United States and 
eventually around the World.  
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