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Abstract:

With the rapid proliferation of vehicle availability and usage on the road in recent
years, finding a vacant car parking space is becoming more and more difficult resulting in a
number of practical conflicts. Lots of researches and developments are being done all over the
world to implement better and smarter parking management mechanisms. In order to alleviate
the aforementioned problems, "Vehicle’s Smart Parking" system has been developed. With the
implementation of the “Vehicle’s Smart Parking system” drivers can easily locate and secure a
vacant parking space at the parking lot deemed convenient to them in easy and technology-
based way. Smart parking is the first step in the right direction to solve many problems in the
city leading to urban environment.

We implemented a “Vehicle’s Smart Parking” prototype system for parking management
to realize the design functionalities and features mentioned. The system will direct and guide
drivers to the most convenient available parking space in the parking facility in the shortest
amount of time and least effort. The system consists of web and android application on the
drivers mobile, which allows the driver to know where the nearest available parking spaces is.
The system can display the location of the driver's car on his smart phone through the android
application when one comes back to get ones car. In addition, the system allows the driver to
reserve a slot in the parking from anyplace where the internet is available.
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1.1 Overview

This chapter introduces the three main topics of our project. We will begin by a
brief description about our project’s idea. Then we will explain the problems and
motivations which lead to the idea of this system. Finally, we will explain the scope of
the project.

1.2 Project Description

With the high percentage of vehicle ownership in Palestine, parking has become a
conflicting and confusing situation for a number of people. Whether at a bus stops or
shopping centers, problems with parking are an everyday occurrence. Drivers usually
cannot find parking spaces as easily as they would like. They spend a lot of time, effort,
and even fuel trying to find a parking spot. This can hurt local business and decrease the
quality of life for residents. In order to deal with the problem of the conurbations, we
developed a solution for efficient parking space management. The system guides drivers
to the nearest available parking space in an easy and scientific way.

Our “Vehicle’s Smart Parking" system can direct and guide drivers to the most
convenient available parking space in the shortest amount of time. It’s a smart system
that shows users where the open slots are. The system will be far better than simply
cursing around and hoping to just randomly come across a slot. Smart parking has been
developed for a better parking management. It is the first step in solving many parking
problems in the city leading to urban environments. At last “Vehicle's Smart Parking”
system operates by monitoring the availability of car-parking spaces and making that
information available to drivers and facility administrators.

It was planned to use existing components to build a prototype for vehicle's smart
parking system. This is based on using presence sensor networks because they allow
status to be monitored very accurately for each parking slot. The proposed scheme
consists of presence sensor networks, embedded web-server, mobile phone application
and cars. In this system low-cost presence sensors network modules are deployed into
each parking slot equipped with one sensor node. The state of the parking slot is detected
by sensor node and reported periodically to embedded web-server. This information is
sent to the smart mobile using Wi-Fi networks in real-time. The driver can find vacant
parking slots using android application.



1.3 Motivations

1. The aggravation waste of time and fuel for the drivers looking for parking.

The waste of time and fuel contributes a result of traffic congestion.

3. Finding a vacant parking space in a metropolitan area is a daily stress and concern
for most drivers.

4. 1t also imposes significant societal waste, both economically and ecologically.

5. The high cost of parking garages.

N

1.4 Project Scope
1.4.1 System Requirements:
The proposed project should be able to:

1. Determine the nearest available parking space to the destination that is intended to be

reached.

2. Determine the nearest empty slot to the driver from all the empty slots that have

been identified and displayed it on an android application.
3. Be easy to use by any driver.
4. Be purchased in a low cost.

5. Collect all information from sensors by using a micro web server.

1.4.2 System Boundaries:

1. By using sensor networks, the system will be able to figure out and specify the
unoccupied slots.

2. By using micro web server, the system will be able to collect all information from
network sensors and specify where the nearest empty slot from driver.

3. Connection with driver phone through android application to tell him where is the

nearest free slot.



4. Mac address of the smart phone will be considered as identification for drivers

when they enter the parking.

1.4.3 System Input:

e Drivers demand for the location of vacant space for his car.

e Signals from sensors that indicates the location of vacant space.
e Demand for statistics and data from parking managers.

e Drivers demand for reservation location in the parking.

1.4.4 System Output:

Locating the vacant space in the parking at the android application on smart
phones or tablets at real time.

Generate reports for parking managers about the current situation of the parking
or statistics reports.

Increase the comfortable of using the parking and decrease time, effort and cost.

1.4.5 Components:

Presence sensor network module: it collects data and checks parking slot state in
real-time then sends parking slot information to embedded web-server.
Embedded web-server: receive information from presence sensors networks then
sends them with the position of parking zone to smart phone.

Mobile device: connect to micro web server and receive parking slot information
from it and the display the real time monitoring of parking slots state in the
nearest parking zone.

Android application: we will program an application using android environment
which will be installed at the smart phone.

1.4.6 Functions:



By creating this system we have to be able to program embedded micro web server.
Learn how to connect sensors network with micro web server. Also we will use android
environment to program mobile application, and to connect the mobile to the server to get
the data. We will use an algorithm to find the shortest path to the nearest vacant space as
soon as possible. We have to develop a web application for reservation issue.

1.4.7 Project Milestones:

There are many achievements that are expected to be delivered at the end of the
project which are:

. Project management plan.

. Project analysis.

. Project design.

. Parking prototype equipped with sensors network and micro web server.

. Android and Web application.

1.4.8 Project Assumptions:

In our project we assume that we have two floors buildings with four parking spots in
each floor. Each floor has one entry gate and one exit gate. This project will be applied
on a small scale model with fact cars, i.e. module car in wooden parking model.

1.4.9 Project Constraints and Limitations:

We faced some restrictions in applying this project. One of the limitations of smart
parking is that we need a sensor at each parking slot, presence sensors network, and smart
phone or tablet that supports android operating system. Another limitation of smart
parking is to have an installed version of our application with each driver in the parking
lot.

1.4.10 Initial Project Organization:



- Project Team:
e Group of 3 students.
- Stakeholders:

e Parking managers.

e Drivers in the parking.

1.5 Description of the Chapters

This section is a brief summary of what each chapter will explain.

Chapter One: Introduction.
In this chapter we will describes the projects idea, objective, and the important of it.

Chapter Two: Literature review and theoretical background.
In this chapter we will discuss the theoretical background and literature review that are

related to the main idea of the project.

Chapter Three: Project management plane.
In this chapter we will discuss the project management plane. It talk about task set,

project risks, project resource, the cost, and time estimation.

Chapter Four: Software requirement speciation.
In this chapter we will discuss the requirement description of the project. It explains

the requirement as scenarios using Use-case diagram, class responsibilities, collaborator,
class hierarchies and relationships.

Chapter Five: System design
In this chapter we will discuss the object relational module for software component,

state behavioral, and class and object design, the software and hardware interface design.

1.6 Summary

In this chapter we discussed the motivations and boundaries that drove us to crate this
system. We also talked about the system how it’s built and how it functions. We will talk
about the advantages and benefits of this system.



Chapter Two

Literature Review and Theoretical
Background

2.1 Overview

2.2 Theoretical Background

2.3 Literature Review

2.4 Summary



2.1 Overview:

In this chapter will describe the theoretical background of vehicle's smart parking
and the concept of parking. In addition, we will consider some related works in the

literature and compare them with our project.

2.2 Theoretical Background:

This section explains the concept of parking and the techniques used to build

vehicle's smart parking system.

Parking is the act of stopping vehicle and leaving it unoccupied, on one or both
sides of a road, is often permitted, though sometimes with some restrictions. Parking
facilities are constructed in combination with some buildings, to facilitate the coming and

going of the buildings' users.[1]
2.2.1 Sensors:

A sensor is a device that detects and responds to some type of input from the
physical environment. The input could be light, heat, motion, moisture, pressure, or any
one of a great number of other environmental phenomena. The output is generally a
signal that is converted to human-readable display at the sensor location or transmitted

electronically over a network for reading or further processing.
There are two types of sensors:

e Sensors that are built in to your computer.
e Sensors that are connected to your computer by a wired or wireless connection.

A good sensor obeys the following rules:

e Is sensitive to the measured property only.
e Isinsensitive to any other property likely to be encountered in its application.
» Does not influence the measured property. [2]



2.2.2 Microcontrollers:

A microcontroller is a small computer on a single integrated circuit containing a
processor core, memory, and programmable 1/O peripherals, designed to govern the
operation of embedded systems in motor vehicles, robots, office machines, complex
medical devices, mobile radio transceivers, vending machines, home appliances, and
various other devices, They are programmable, cheap, small, can handle abuse, require
almost zero power, and there are so many varieties to suit every need. This is what makes

them so useful for robotics; they are like tiny affordable computers.

Some microcontrollers may use four-bit words and operate at clock rate frequencies as
low as 4 kHz, for low power consumption .They will generally have the ability to retain

functionality while waiting for an event such as a button press or other interrupt.

Other microcontrollers may serve performance-critical roles, where they may need to
act more like a digital signal processor (DSP), with higher clock speeds and power

consumption.

One important feature on a microcontroller is the 1/O ports. Input ports are used for
taking in sensor data, while output is used for sending commands to external hardware

such as servos. [3]

2.2.3 Android Operating System:

Android is an open source operating system a large community of companies and

developers maintain it and contribute toward developing newer versions of it.

The Android Operating System is a Linux-based OS developed by the Open Handset
Alliance (OHA), dislodging the later from the number one slot among smart phone OSs,
the user interface of android is based on direct manipulation, using touch inputs that
loosely correspond to real-world actions, like swiping, tapping, pinching and reverse

pinching to manipulate on-screen objects.


http://searchenterpriselinux.techtarget.com/definition/embedded-system
http://searchcio-midmarket.techtarget.com/definition/robot
http://www.societyofrobots.com/actuators_servos.shtml

Android's source codeis released by Google under the Apache Lances this
permissive licensing allows the software to be freely modified and distributed by device

manufacturers, wireless carriers and enthusiast developers. [4]

Android software developmentis the process by which new applications are
created for the Android operating system, applications are usually developed in the
Java programming language using the Android Software Development Kit, but other

development tools are available.

The Android Software Development Kit (SDK) includes a comprehensive set of
development tools. These include a debugger, libraries, a handset emulator based on
QEMU, documentation, sample code, and tutorials. Additionally, developers may use any
text editor to edit Java and XML files, then use command line tools (Java Development
Kit and Apache Ant are required) to create, build and debug Android applications as well

as control attached Android devices .[5]

2.2.4 Wireless USB:

Wireless USB is a short-range, high-bandwidth wireless radio communication
protocol created by the Wireless USB Promoter Group. Wireless USB is sometimes
abbreviated as "WUSB", although the USB Implementers Forum discouraged this
practice and instead prefers to call the technology Certified Wireless USB to distinguish

it from the competing UWB standard.

Wireless USB was based on the Wi-Fi Media Alliance's ultra-wideband (UWB)
common radio platform, which is capable of sending 480 Mbit/s at distances up to 3
meters (9.8 ft) and 110 Mbit/s at up to 10 meters (33 ft). It was designed to operate in the
3.1 to 10.6 GHz frequency range, although local regulatory policies may restrict the legal

operating range for any given country.

Wireless USB is used in game controllers, printers, scanners, digital cameras,
portable media players, hard disk drives and flash drives. It is also suitable for

transferring parallel video streams, using USB over ultra-wideband protocols.[6]

10


http://en.wikipedia.org/wiki/Wireless
http://en.wikipedia.org/wiki/USB_Implementers_Forum
http://en.wikipedia.org/wiki/WiMedia_Alliance
http://en.wikipedia.org/wiki/Ultra-wideband
http://en.wikipedia.org/wiki/Mbit/s
http://en.wikipedia.org/wiki/Gigahertz
http://en.wikipedia.org/wiki/Game_controller
http://en.wikipedia.org/wiki/Printer_(computing)
http://en.wikipedia.org/wiki/Image_scanner
http://en.wikipedia.org/wiki/Digital_camera
http://en.wikipedia.org/wiki/Portable_media_player
http://en.wikipedia.org/wiki/Hard_disk_drive
http://en.wikipedia.org/wiki/Flash_drive
http://en.wikipedia.org/wiki/Ultra-wideband

2.3 Literature Review:
The following papers and projects are related to our project:

2.3.1 Smart Car Parking System:

Smart car parking system project is a microcontroller based a smart parking system.
Usually, in large parking areas we need to search through the whole place for space and
then park the car, this project aim to overcome this trouble.

So, the project talk about general parking for all the people, consist of two floors and
in each one the park has a place from which the car to enter the park and another to leave
it, the output of the system is displayed on LCDs the free places for the car that enter the
park, the team use push button switch sensor and connect this sensor to microcontroller to
get the number of car in the park .

There will be a screen (LCDs) on the place from which the car enter show if the
park is full or have places in it for another car , also show the number of empty places
and which places in each floor is empty, so the driver can go to any empty places and
then put his car on it, on each slot the team put sensor (switch sensor) that show if the

place is empty or available , and display it on the screen.

The project has been implemented by using an 8051 microcontroller, micro-switch
sensor, motor, (LCDs) screen, and wire to connect all component together, gate has a
motor to open and close it , LCDs to tell the driver which floor number of available space
and what the exact location to park the car, so used a microcontroller, many LCDs

,sensor, motor for each gate , and other hardware devices.

In this project the team used three display screen to show the output of the system,
the main one to display free spaces and the number of this spaces in the park, and the
other two screen to tell the driver the location of these space in the park, and use two
gate, 8051 microcontroller, and wired to connect all the component to each other, which

make the cost of this project more expensive .
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The team enable to control the hardware application connected with pc through a
parallel port, enable to send data from switches connected with pc through a parallel port,
then analyze the data and send the related voltage signal to the parallel port to run the
application related to that signal and then set the specified data on LCDs, and enable to

send signal to motor and controlling its movement.

The team failed in programming the 8051 microcontroller and use the parallel port
in PC instead of 8051microcontroller which need to use new software technology, they
failed in some connection of the component in each of other so have an internal damage
in some devices, additionally the cost of the project was so high around 51487$ because

the team failed in picking the hardware component. [7]

Differences between this project and our project:

v" We will use android application to display the free slot in parking lot instead of
using many LCDs and visual basic interfaces.

v" We will use wireless communication to send data to the android application
instead of using wire to connect the screen with microcontroller.

v"Using micro web server to collect all information from sensor instead of using
8051 or PC parallel ports.

v In our project we compute the cost of time parking.

v" We designed our project in order to help any person parked in a parking slot to
find his car.

v Our project will also help reserve a slot in a parking slot before reaching it.

The main aim of our project is to determine where the available parking space in the
parking slot and determine the nearest one from the driver, by using modern technology
and suitable hardware component to reduce the cost of the project as much as possible.

12



2.3.2 Wireless Operated Parking System:

In this project the main idea is to reduce an automated parking system that can control
the whole process and collect the fees of the parking service. The idea of this project to
enable the driver to communicate with administration center which will control the gates
and get the fees from the driver when he is leaving the parking, all of that is done
automatically, which will decrease the needed time for parking and increase the accuracy

of the payment process, and reduce the role of a human administrator at the park.

This system consist of sensors and counters that monitor the state of the spaces at the
parking and feed back the administration center with data about the parking spaces , and
this administration center communicate with the driver and opens the gate if there is a
space and if the driver is permitted to enter the garage . In other word the driver
communicate with the administration center and ask it to enter the garage, the
administration center check the identity of the driver and the park status , and the send a

signal to gate to open.

The project consist the software that controls the administration center , the gates and
sensors , the mobile station , the software that controls the communication process
between driver’s mobile station and the administration center via communication
technique which is Bluetooth and electrical circuit that connect the whole project
together. [8]

Differences between this project and our project:

This project guides the driver just to suit floor by sensors at the gate of each floor and
counter to count the cars at each floor, but our project detects the accurate position of

nearest vacant space, since we have a sensor at each parking slot.

In our project we will use android application as interface with driver that shows
where the vacant space, but in this project it counts the cars in each floor and close the
gate if the floor is full or open it if there is a space.
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2.3.3 Smart Parking:

The system itself consists of a user-interface at the entrance of the parking garage,
which allows the driver to view all available parking spaces. Although the system will
recommend the slot it deems most favorable, the driver is free to view each floor and
select any available slot. Once a slot has been selected, a red LEDs built into the slots
will guide the driver to their chosen destination. In addition, a ticket with directions will
be printed that can be used upon return to the parking garage to guide the driver to their

vehicle.

The visual basic interface on PC must send and receive the appropriate information
from the microcontroller. The microcontroller, in turn, must be able to multi-task and
have numerous threads running at the same time in order to track multiple cars
throughout the garage. The sensors in the road and parking slots must be accurate enough
to locate each car in the garage. In order to reliably park each car, these key performance

specifications must be met. [9]

Differences between this project and our project:

v" This project used visual basic interface, but in our project we will use android
application.

v’ This project used vehicles loop detector which connected directly to the micro
controller, but in our project we will use presence sensors and WiFi technology.

v One of disadvantages of this project that the driver deals with central computer
which is not suitable as android application on smart phone as in our project.

2.4 Summary

This chapter presented an overview of vehicles smart parking and its related issues.
In addition, we discussed some of previous smart parking projects and studies and

analyzed their results.
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3.1 Overview

This chapter explains the project plan, which includes all the sets of project tasks in
addition to the project timeline. It also talks about the methodology of the work during
project manipulation. Project methodology consists of two parts, the first part introduces
in general the steps of work flow in the project, and the second one states and analyzes
the available options that can be used to manipulate the project. In addition, this chapter
introduces some of project risks and information sheet for each risk. Finally, it includes

an analysis to all the project components with their estimated costs.

3.2 Project Management Plan

This section describes task set, risks, project resources, total estimated cost and

time estimation.

3.2.1 Task set

The project activities depend on each other, so in this section we will describe the

tasks that will be completed in this semester and next semester.

1. Communication:

e The group communicates with each other to select idea for the project, searching
in Internet and library for the idea of project, ask advisor for help to select the
idea (T1).

e |dentify all the stockholders and the end user of our project, which are the users

who can access the system and who will benefit from it.

e Meet the users in order to gather all the needed requirements, also to determine
the overall goals of the access control system, and to know exactly how will

benefit from this project.
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e Determine the scope of our project in order to know in which environment to be
in, also to determine all the inputs and outputs of the access control system and all

the functions that will perform.

e Final step of communication is modifying the statement of the scope as required,

to update the statement of the scope if any change happened.

2. Planning:

Determine the schedule:

e Determine all the resources and the components needed for our project, in order to

determine the budget of the project (T3).

e Determine the process model that will be used in working, and we choose the

waterfall model because all the work will be done sequentially.

e The deadline will be determined, depending on the budget and functions to be
performed (T3).

3. Modeling:

e Analysis: analyze all the requirements in order to design the project correctly, and

to make this operation as easy as possible (T3).

e Design: we will design the project in order to achieve the requirements (T4).

4. Construction:

e Coding: java language will be used to implement our project and micro controller

programming in order to achieve all the requirements (T6).

e Testing: this step will be done to test the correctness of our code (T7).

5. Deployment:

e Operation: the system will be operated in order to be evaluated from the users.
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The task durations and dependencies are shown in Table [3.1] A and B.

Maintenance: we will ask from users a feedback, and we will behave based on

this feedback.

Table 3.1: Tasks Plan

Task Task Name Time Parallelism Dependency
No. (weeks)
T1 Selecting the idea of 3
the project
T1.1 Searching in internet 3 T1.2
and library for the idea
of project
T1.2 Ask advisor for helpto | 3 T1.2
select idea
T2 Collecting information, | 4 T1
literature review and
related theory
T2.1 Study Literature review | 4 T2.2
and theory
T2.2 Summery and 4 T2.1
document Literature
review and theory
T3 Project analysis 4 T2
T3.1 Time scheduling 2 T3.2,T3.3
T3.2 Determine the HW and | 2 T3.1,T3.3
SW needed
T3.3 Determine the cost of | 2 T3.1,T3.2
the project
T3.4 Risk management 1 T3.5
T3.5 Project methodology 1 T3.4
T3.6 HW components 1 T3.7
analysis
T3.7 SW components 1 T3.6
analysis
T4 Project design 5 T3
T4.1 Design block diagram | 2
T4.2 Design the software 1.5
schematic diagram
T4.3 Design the hardware 1.5
schematic diagram
T5 Hardware design and 6
implementation
T5.1 System speciation 2
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Design

T5.2 Collect the HW 1
Components
T5.3 Implement the sensors | 2 T5.1,T5.2
and microcontroller
T5.4 Connect the micro- 1 T5.3
controllers with
peripherals
T6 Software 7 T3,T4,T5
implementation and
execution
T6.1 Collect the samples 3 T6.2
for training and
testing phases
T6.2 Perform the train 3 T6.1
phase using PC
testing accuracy
T6.3 Write the software 4
Program
T7 Test the system 3
T7.1 Correct error if exist 1.5
in HW or SW
T7.2 Re- execution to sure it | 1.5
run correct
T8 Writing documentation | 29 T1 T1,T2,T3,T4,
,12,T3,T4 T5,T6,T7,T8
,15,T6,T7,T8

19




3.2.2 Time Estimation

Figure (3.1) shows time estimated for our project.

D Task Name Start

1 | selecting the project idea 201411130
collecting information

2 about project idea. 2014220
3 | management planing 20141310
5 | project analysis 20143125
§ | project design 20141417
learning and improve out

B experience 2014/5129
7 | hardware design 2014191

2 software design and coding 20141015

9 | testing and modification 20141214

10 | Documentation 20141130

Finish

014220

201413110

201413125

201414116

201415129

2014191

20141015

2014124

20141218

2014123

2014721
MAA | M43 201494 | 2045 2014EA | 204TA | 201480 | 201494 200H0A | 2004M1A | 2014124
[—
[
[F—
B
[—
[

Figure 3.1: Time estimated — Gant chart

3.2.3Risks

Risk is one of the most important factors that must be considered in details and
take all the edges of the risk that may occur, in order to avoid them and to ensure a
successful project work. In this section we will briefly describe those risks and show

their management strategies. Table [3.2] shows risks identification, probability

analysis and strategies.
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Here risk information sheet of the risks that affect seriously on the project:

Table 3.3: Unexpected software error information sheet

Risk information sheet

Risk ID: 02 Date : 17/3/2014 Prob : 50% Impact : Medium

Description: ( undesirable and unexpected software error)

May we have unexpected and undesirable error in software programs of our project.

Refinement / context :

Subconditionl: Not enough knowledge in programming languages causes software
errors.
Subcondition2: Use old version of programs in software programming language.

Mitigation strategy:
1- Developing the team experience in programming languages.
2- use the new and latest version of programs we need it in our project

Contingency plan and trigger:
1- Ask help from some persons who have an advanced experience in program
language we need it in our project.
2- Buy new version of programs we need it in our project

Current status: mitigation steps initiated 22-11-2014

Originator : Muna Assigned :Mohammad

Table 3.4: Lack of full knowledge information sheet

Risk information sheet

Risk ID: 04 Date : 17/3/2014 Prob : 40% Impact : Medium

Description :( Lack of full knowledge of how to deal with the tools)
The team has a lack of experience in dealing with system components that may affect

performance of the final project.

Refinement / context :

Subconditionl: This system used by different types of people that need user-friendly
System design which need experienced application designer.
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Subcondition2: The team does not have enough knowledge about languages will be
used in construction of this project like micro controller programming and their
packages and android applications.

Subcondition3: Leak knowledge in presence sensors and micro web server with
wireless communications

Mitigation / monitoring :

1-The team adequate training on presence sensor network design.
2- Team should training on programming language “android application”.

Management / contingency plan / trigger :

Ask help from teachers and people who are experienced in android applications and
presence sensor net work.

Current status: mitigation steps initiated 22-11-2014

Originator :Muna Assigned : Rana

Table 3.5: Different kinds of users knowledge information sheet

Risk information sheet

Risk ID: 05 Date : 17/3/2014 Prob : 80% Impact : high

Description: (Different kinds of customers and number of users)

Since this is a system that provides services to different types of users, it may be
affected by different modes and requirements of those users.

Refinement / context :

Subconditionl: System’s users are simple people and others with different modes
and requirements. The number of those users who are interested in this system cannot
be determined easily which affect the estimations.

Subcondition2: There is an uncertainty about users' satisfaction of the system and
how the user will interact with this system and interactive with android application.

Subcondition3: The driver may not have a smart phone that supports android
applications.

Mitigation / monitoring :

1-intensive interviews with costumers and surveys about the user interest in the
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system and try to estimate their number.
2-try to make prototypes that enables the users to imagine the final product.

3- State an attractive description of the project that clarifies the importance of this
project and its benefits.

Management / contingency plan / trigger :

1-make a balanced estimation of the average number of system users.
2-make friendly-system that will be acceptable in balance.
3-try to put some explanation of our project and the android application on the web.

Current status: mitigation steps initiated 22-11-2014

Originator :Muna Assigned : mohammad

Table 3.6: Budget information sheet

Risk information sheet

Risk I1D:07 Date : 17/3/2014 Prob : 60% Impact : high

Description: ( Budget is not sufficient )

lacking funding , we face it when apply the project

Refinement / context :

Sub condition 1: fund of software and hardware that transfer data like micro web

Server.

Sub condition 2: some component we will import it from outside so that’s expensive

Sub condition 3: lack of Associations for supporting small projects.

Mitigation / monitoring :

We will try to support our project by present budget to many Associations like our

University

Management / contingency plan / trigger :
- Decreasing cost by reducing number of components.

- Search for free alternatives.
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- Search for finance.

Current status: mitigation steps initiated 22/11/2014

Originator: Mohammad Assigned: Mohammad

Table 3.7: interrupt the sensor by mistake information sheet

Risk information sheet

Risk 1D:08 Date : 17/3/2014 Prob : 60% Impact : Medium

Description: interrupt the sensor by mistake

Sensors may be interrupted although there is no car there.

Refinement / context :

Subconditionl: sensors may be cut by any person.
Subcondition2: sensors may be cut by any thing is put in front of it.

Mitigation strategy:
-put signs to warn people to avoid standing in front of the sensors or put any things

there.

Contingency plan and trigger:

-We may use sensors that detect the presence of the iron only; this may reduce the
effect of this risk.

Current status: mitigation steps initiated 22-11-2014

Originator :Rana Assigned :Muna

Table 3.8: data communication information sheet

Risk information sheet

Risk ID: 09 Date : 17/3/2014 Prob : 70% Impact : Medium

Description:(data communication)

Fall in transmission of data between system components using wireless technology.

Refinement / context :

Subconditionl: In our project data communication is widely range over all the
parking.
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Subcondition?2: Fall in transmission data between micro-web server and android
mobile

Mitigation / monitoring :
- Test data communication and then decide the suitable positions of transmitters

and receivers for a good communication.

Management / contingency plan / trigger :

-search for alternative technology for data transmission.

Current status: mitigation steps initiated 22-11-2014

Originator :Mohammad Assigned : Rana

Table 3.9: Change the delivery date information sheet

Risk information sheet

Risk ID:12 Date : 17/3/2014 Prob : 45% Impact : Medium

Description: (Change the delivery date of the project)

The degree of uncertainty that the project schedule will be maintained and the product

will be delivered on time.

Refinement / context :

Subconditionl: Not enough knowledge in estimation may cause an unrealistic end
date

Subcondition2: Ambiguity in the system requirements.

Subcondition3: A need to an unavailable software and hardware

Subcondition4: Lack of effective project team integration and project assembling

problems

Mitigation strategy:
3- Define the scope accurately.

4- Create a realistic; achievable schedule some level of risk Analysis is required.
5- Analyze risks and adjust the schedule.

Contingency plan and trigger:
3- Abandon (give up) some additional features that does not affect the whole
system.
4- Increase the team productivity.
5- Evaluate the basic functional requirements of system.
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Current status: mitigation steps initiated 22-11-2014

Originator :Rana Assigned :Mohammad

Table 3.10: Loss of team member information sheet

Risk information sheet

Risk ID: 13 Date : 17/3/2014 Prob : 70% Impact : Medium

Description:( Loss of team member)

The number of team members is three students only, so any loss of members will be

so critical.

Refinement / context :

We have two types of loss of team member :
1- Temporary which may come from illness or any other reasons?
2- Permanent, which may come from death?

Mitigation / monitoring :

- Really this type of risk doesn’t have any mitigation Strategies.

Management / contingency plan / trigger :

- Permanent absence: Refine the project scope.
- Temporally absence: Try to work overtime and intensively to perform the
work.

Current status: mitigation steps initiated 22-11-2014

Originator :Mohammad Assigned : Muna

3.2.4 Project Resources and Estimated Costs

This section contains resources and estimated costs of the project, previews the
system cost estimation in term of system hardware, system software, and human

resources.
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1. Hardware Resources

The project estimated costs were calculated and found to be around 485 JD.

Table [3.11] provides a detailed list of the components needed for the project.

Table 3.11: Hardware Resources Cost

Project Component Table | Number Of Price/Unit
Component

photo electric sensor 8 15JD

Micro-web server 1 60 JD

USB dongle for wifi 1 10JD

Wooden model 1 200JD

Smart phone 1 200JD
Total 485 JD

2. Software Resources

The software resources are summarized in Table[3.12].

Table 3.12: Software Resources Cost

Software Cost
Android application Tools ”java” Free
Micro web server OS ”Linux” Free
Web application ’php, HTML,MySQI” Free

3. Human Resources

The human resources are summarized in Table[3.13].
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Table 3.13: Human Resources Cost

Project team Salary
Mohammad Obido 400 JD
Muna Abu_areesh 500 JD
Rana Ali Al_saree 600 JD

3.3 Project Methodology

3.3.1 Options

There are many alternative options for choosing each component and this section

describes each available option.

1. Detection the vacant space options:

Option One: Image Processing

The implementation of Smart Parking System using image processing technique is
that captured image by video camera sensor technologies will be processed through the
micro controller using algorithms in image processing to detect the vacant space in the
parking. Micro controller store and update the occupancy status of available parking
space. [10]

Option Two: Presence Sensors

Smart Parking Services based on presence sensors that allows vehicle drivers to
effectively find the free parking places. The proposed scheme consists of presence
sensors network, embedded web-server and mobile phone application. In the system,
low-cost sensors networks modules are deployed into each parking slot. The state of the

parking slot is detected by sensor node and is reported periodically to embedded micro
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web-server in real-time, and also the vehicle driver can find vacant parking lots using

standard mobile devices.

2. Collection information from sensors option :
Option One: Microcontroller
A microcontroller is a small computer on a single integrated circuit consisting of a
relatively simple CPU combined with support functions such as a crystal oscillator,
timers, and watchdog timer, serial and analog 1/0O etc. Program memory in the form of
EEPROM (Electrically Erasable Programmable Read Only Memory) or ROM (Read
Only Memory) is also often included on chip, as well as a typically small amount of
RAM (Random Access Memory).Microcontrollers are used in automatically controlled

products and devices[11].

Option Two: The Server
A server is a system (software and suitable computer hardware) that responds to
requests across a computer network to provide, or help to provide, a network service.
Servers can be run on a dedicated computer, which is also often referred to as "the
server", but many networked computers are capable of hosting servers. In many cases, a
computer can provide several services and have several servers running. Servers are

computer programs running to serve the requests of other programs. [12]

3. Microcontroller
Option One: Raspberry Pi
The Raspberry Pi is a small, powerful and lightweight ARM based computer which
can do many of the things a desktop PC can do. The powerful graphics capabilities and
video output make it ideal for multimedia applications such as media centers and
narrowcasting solutions. The Raspberry Pi is based on a Broadcom BCM2835 chip. It
does not feature a built-in hard disk or solid-state drive, instead relying on an SD card for

booting and long-term storage.[13]

Option Two: 8051 Microcontroller
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The Intel MCS-51 (commonly referred to as 8051) is a Harvard architecture, CISC
instruction set, single chip microcontroller (UC) series which was developed by Intel in
1980 for use in embedded systems.[14]

3.3.2 Analysis of Each Option:

There are many issues that must consider in order to build a functional successful
and reliable portable system .That issue involves choice of major component from many
options.

1- Why we choose the presence sensor instead of image processing?

We choose presence sensors for many reasons such as easy deployment in existing
parking slots, and the flexibility to connect the sensors for accurately keeping check of
vacant space. And also there are many problems in image processing technique such as:

e We need many cameras to cover all the area of the parking.

e Camera sensitive to illumination so the change in lighting may also affect
detection performance

e Image processing suffers from a lack of accuracy and can be affected by
environmental.

e Major problem of vision based parking detection systems include shadow effects,

occlusion effects, vacillation of lighting conditions and perspective distortion.[15]

2- Why we choose the Microcontroller instead of Server?
We choose microcontroller for many reasons:
e They can be very low power, like under 1W with some peak draws, under half an
amp, battery and solar power is practical, unlike bigger computers.
e Physical size: a microcontroller with WiFi or Ethernet chip puts extra size for the
project.
e Cost: a microcontroller suitable for this could be in the single dollar range, the

networking parts almost as cheap.
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Disposable, you can put them in one off projects and if they die, it's not as bad as

if an expensive computer does.

3-Why we choose the Raspberry Pi instead 80517

We choose Raspberry Pi for many reasons:

Power consumption, the Raspberry Pi draws about five to seven watts of
electricity.

No moving parts, the Raspberry Pi uses an SD card for storage, which is fast and
has no moving parts.

Small form factor, the Raspberry Pi (with a case) can be held in your hand, this
means the Pi can be integrated inside of devices.

Huge community support, the Raspberry Pi has phenomenal community support;
support can be obtained quite easily for the hardware or GNU/Linux software
that runs on the Pi mainly in user forums, depending on the GNU/Linux
distribution used.

Multiple uses , having the storage on an SD card makes it easy to swap with
other SD cards running other GNU/Linux distributions to quickly and easily
change the functionality of the Pi.

Affordable, compared to other similar alternatives, the Pi offers the best specs for
the price, at least that I've found. It is one of the few devices in its class that
offers 512 MB of RAM and 700 MHZ processor.

3.4 Project Components

3.4.1 Hardware Components

This section shows hardware components of our project:

1. Presence Sensor:
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The system has sensors network modules which are deployed into each
parking slot, each sensor checks parking slot state in real-time then sends parking

slot information to micro web server. Figure (3.2) illustrates the idea.

Figure 3.2: presence sensor

The sensor that will be used is photo electric sensor which is a set of transmitter
and receiver in one of the photoelectric switch sensor. The detection distance can
be adjusted according to the demand. The sensor has a detection range of 3-80cm.
Photo electric sensor is small, easy to use, inexpensive, and easy to assemble.

Figure (3.3) shows all photo electric sensor components.
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Figure 3.3: photo electric sensor
Sensor specifications:

e Adjustable detection range, 3cm - 80cm
e Small, easy to use/assemble, inexpensive
e Power supply: 5V

Pin out:

e Red-V+
e Yellow - Signal
e Green— GND

Advantages:

« Most accurate.
e Longest sensing range.
e Very reliable.

2. Micro Controller (Raspberry Pi):

The Raspberry Pi is a small, powerful and lightweight ARM based computer
which can do many of the things a desktop PC can do. It includes an S 700 MHz
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processor and 512 RAM. It uses an SD card for booting and persistent storage. It

has also a USB port, an HDMI port and Ethernet port. Figure (3.4) shows all

raspberry components.
GPIO HEADERS RCA VIDEO OUT
e AUDIO OUT
STATUS
u LEDS
DSI DISPLAY -

CONNECTOR  pariecrrs

4 ...::.23-,'—... e
i Y gy )

G -

SD CARD SLOT
(BACK OF BOARD)
UsB 2.0
MICRO USB POWER BROADCOM CSI CONNECTOR
(5V 1A DC) BCM2835 CAZ?RA
ARMIT 700MHZ
ETHERNET OUT
HDMI OUT ONILY ON 256MB MODELS

Figure 3.4: raspberry pi

Raspberry pi enables engineers to design their own embedded applications,

connect to external devices and facilitate rapid, customized solutions development.
[16].

Raspberry pi acts as micro web server in vehicle’s smart parking. It collects data

from sensors network and sends the result to the android application. Also it saves all

information and reports about the parking.

3. USB dongle
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It is a cheap USB Wi-Fi adapter and use one of the USB ports to access the

wireless network .Setting up raspberry pi OS to access the wireless network.

Take advantage of the raspberry pi USB port to add a low cost, but high-
reliability wireless link. These dongles are low power (<100mA nominal draw), so
plug directly into the raspberry pi USB ports, requires No External Power. [17] It is
used to make a wireless connection between micro web server and android

application.

4. Smart Phone

A smart phone is a new-generation high-featured and multi-functional cell phone.
Smart phone fuses the functionalities of a handheld computer with the communication
capabilities of a cell phone. Modern smart phones include features of a touch screen

computer, web browsing and Wi-Fi communication.

In our project we need smart phone that supports android operating system since we
have android application which used to guide the driver to the correct position in the
parking.

3.4.2 Software Components
1. Android Application

Android is an operating system based on the Linux kernel with a user interface based
on direct manipulation, designed primarily for touch screen mobile devices such as smart

phones and tablet computers.

Android software development is the process by which new applications are created
for the Android operating system. Applications are usually developed in the Java
programming language using the Android Software Development Kit (SDK).

The android application in this system is used to display information about parking

slot status that received from micro web server to the user in suitable way.
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2. Raspberry Pi Software

The Raspberry Pi primarily uses Linux kernel-based operating systems. Raspbian is a
Debian-based free operating system optimized for the Raspberry Pi hardware. Raspbian
image is written to SD card and then Raspberry boot from this SD card. Raspbian comes
preloaded with Python, the official programming language of the Raspberry Pi and IDLE
3, a Python Integrated Development Environment so many more powerful applications

can be written using the Python programming language.[18]

3. Web Application
It is an application in which all or some parts of the software are downloaded from
the Web each time it is run. It may refer to browser-based apps that run within the user's
Web browser, or to "rich client” desktop apps that do not use a browser or to mobile apps

that access the Web for additional information.

Our project requires dealing with PHP, HTML and MySQL languages in order to
build a web application in this system and store the data on the micro web server in
database. This web application allows the user to access the system from anywhere to

preserve a free slot in the parking before he reaches the parking. [19]

3.4.3 Other Components

We need other component in our project, to build the parking like wood plate as a
model of real parking and some of car models.

3.5 Summary

In this chapter we defined all the project task sets then we generated the project Gantt
chart. We briefly described how the work will goes during the project manipulation, and

then we stated the available options to use in the project implementation. Some of project

37



risks was stated and analyzed. Finally we define all the components that are needed for

the project evaluation in addition to the costs estimations.

38



Chapter Four

Software Requirements Specification

4.1 Overview.

4.2 Project Requirement Description.

4.3 CRC “Class Responsibility Collaboration”.

4.4 Class Hierarchies and Relationships.

4.5 Summary.
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4.1 Overview:

This chapter represents the requirement description of our project; it explains the
requirement scenarios using use-case diagram, class responsibilities collaborator, and

class hierarchies and relationships.

4.2 Requirement Description:

This section explains the requirements of the system; represents it as scenarios, and
using use-case diagram to show that.

4.2.1 System Actors:
% Driver:

Driver can initiate some use-cases in the system. These use cases are:

1. The driver check smart phone to find the nearest vacant space when he enters the
parking.

2. When driver come back to the parking he checks smart phone for cost and the
place of his car.

3. The driver can reserve location in the parking from anywhere by using web

application through the internet.

R/
L X4

Parking Manager:

Get report of information and statistics of the parking.

N

Set the cost of parking during a specific time period.

«* Sensors:

1. Detect the vacant space in the parking.
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4.2.2: Use-Case Templates:

This section shows detailed description of all the use case in project.
Table [4.1] shows searching for vacant space use-case.

Table 4.1: Searching for vacant space use-case.

Use Case:

e Searching for vacant space.

Primary Actor:

e Driver.

Goal:

e Searching for the nearest vacant space in shortest time and least possible effort.

Precondition:

e Installed android application at driver’s smart phone.
e Installed presence sensors at each parking slot.
e Wireless communication between micro web server and smart phone.

Trigger:

e Driver wants to park his car.

Scenario:

e Driver enters the parking and checks his smart phone.
e The system takes MAC address of smart phone and save it in database.
e Sensors detect the vacant space and send this data to the micro web server

which in its turn sends data to smart phone which convert these data to

suitable understandable form.

Exception:

e Error in wireless communication between smart phone and micro web
server.
e Smart phone may be fault.
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Table [4.2] shows checking the cost of parking use case.

Table 4.2: Check the cost of parking use-case.

Use Case:

e Check the cost of parking.

Primary Actor:

e Diriver.

Goal:

e Check the cost of parking to pay it after exit from the parking.

Precondition:

e MAC address of smart phone was taken at the entrance of the
parking and stored in database, then time counter start.

Trigger:

e Driver wants to pay after exit from the parking.

Scenario:

1-Driver enters the parking then the system detect the time of
entering.

2- The counter count the time from entering the parking until exit.

3-When the driver exit, he check his smart phone to see how long he
parks his car in the parking and how much the cost.

Exception:

e Smart phone may be fault.
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Table [4.3] shows detection the location of the car use case.

Table 4.3: Detect the location of car use-case.

Use Case:

e Detection the location of car.

Primary Actor:

e Diriver.

Goal:

e Detection the location of the car when the driver comes back to the parking to

take his car.

Precondition:

e MAC address of smart phone was taken at the entrance of the parking and

stored in database with car location.

Trigger:

e Detection the location of the car in the parking.

Scenario:

e The driver checks his smart phone when he exits from parking.
e Display the location of his car on the smart.

Exception:

e Smart phone may be fault.
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Table [4.4] shows reserve location in the parking use case.

Table 4.4: Reserve location in the parking use-case.

Use Case:

Reserve location in the parking.

Primary Actor:

Driver.

Goal:

e The driver can reserve location in the parking remotely and revoke it if is

not occupied within 30 minutes.

Precondition:

e Web application installed.

e Internet access.

Trigger:

e The driver can reserve location in the parking.

Scenario:

e The driver checks his smart phone to see where the location of slot which
he reserved from web.

e The driver can reserve location in the parking.
e If location is not occupied within 30 minutes then revoke the reservation.

Exception:

e Smart phone may be fault.

42




Searching for vacant space

Top Package::Driver

Searching for his car when comeback

Reserve location in parking

Figure 4.1: Use case diagram for driver
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Table [4.5] shows gets reports and statistics use case.

Table 4.5: Get reports and statistics use case.

Use Case:

e Get reports and statistics.

Primary Actor:

e Parking manager.

Goal:

e Parking manager should take information about the parking to develop it

and determine the cost.

Precondition:

o Data base to manipulate the information and data to classify them.
e Installed screen with micro web server to view information and manage the

parking.

Trigger:

e Parking manager wants to take statistics information about the parking.

Scenario:

e Parking manager need check reports for the parking.
e All of this information will be available on screen.

Exception:

-No exceptions.
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Table [4.6] shows set the cost use case.

Table 4.6: Set the cost use case.

Use Case:

e Set the cost.

Primary Actor:

e Parking manager.

Goal:

e Parking manager set the cost of parking during a specific time period.

Precondition:

e Manger has an access to the system.
e Interface between manager and the system”screen that connected to the micro

web server”.

Trigger:

e Set the cost or change it from time to another

Scenario:

e Manager log in to the system.
e Manger can set or update the cost.

Exception:

e No exceptions.
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Get reports and statistics

_—

Top Package::Parking manager

Figure 4.2: Use case diagram for manager

Table [4.7] shows vacant space detection use case.

Table 4.7: Vacant space detection use case.

Use Case:

e Vacant space detection.

Primary Actor:

e Sensor.

Goal:

¢ Finding the free slot in the parking.

Precondition:

¢ Installed presence sensors at each parking slot.

Trigger:

e Detect the location of free slots.
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Scenario:

e Driver enters the parking and checks the application on his smart phone.
e Sensors detect the free slots and send this data to the micro web server

which in its turn sends data to smart phone which convert these data to

suitable understandable form.

Exception:

e Error in communication between sensors and micro web server.

vacant space detection

Figure 4.3: use case diagram for the sensor
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4.2.3 Use-Case Diagram:

Figure (4.4) shows Use case diagram for the parking system.

Vehicle’s smart parking

Searching for vacant space

op Package::Driver

Searching for his car when comeback

Reserve location in parking

Get reports and statistics )
ckage::Parking manager

vacant space detection

!

Sensor

Figure 4.4: use case diagram for the system
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4.2.4 Activity Diagram:

This section is shows activity diagram for all the system.

Figure (4.5) shows activity diagram for searching and detection for vacant space.

presense sensor

-

Mac address

phone

web server

_a

()
Check smart Database in mico

Searching for
vacant space

Exit Check the cost

location

L Detection the car _‘ Calculate the /\—’7
Park the ca
ark the car

— time

Detect the free ——

spots =

Figure 4.5: Activity Diagram

4.3 Class-Responsibility-Collaborator Modeling (CRC):

This section shows the class responsibilities collaborator, the CRC provides a simple

means for identifying and organizing the classes that are relevant to system requirements.

Table 4.8: CRC model for sensor class

Class : Sensor

Responsibility:

Collaborator :

Sensing the presence of a car in slot ()

Sends information to the micro-web

server()

Micro-web server
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Table 4.9: CRC model for micro-web server class.

Class : Micro-web server

Responsibility: Collaborator :

Collect information from sensors and
Sensors
store data ()

Send information to the android ] o
o Android application
application. ()

Table 4.10: CRC model for android application class.

Class : Android Application

Responsibility: Collaborator :
Display the vacant space on parking map )
Driver
0
Display the cost () Driver
Detect the location of car() Driver
Table 4.11: CRC model for driver class.
Class : Driver

Responsibility: Collaborator :
Check the mobile for vacant space( ) Android application
Check the mobile for the cost of ) o

_ Android application
parking()
Detecting the location of car () Android application
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Table 4.12: CRC model for parking manager class.

Class : Parking Manager

Responsibility: Collaborator :

Get report of information and statistics of )
Micro-web server

the parking()

Set cost() Micro-web server

4.4 Class Hierarchies and Relationships:

Class hierarchies and relationships; show the relation between all classes in the system

as shown in Figure (4.5).
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e —
Vehicle'sSmartParking

-floor: int

-slotnumber: int

+ParkCar{car).
+AdminAccess(admin).
Has a J Has a
Has a Has a
é S
Sensor MicroWebSrver WebApplication AndroidAapplication
-Paddress: string. -Paddress : String
-id: int. -macaddress: string
-portnumber: int WebsiteName: String
+CollectData( )
+ Sensing () +DisplayMap( )
+SendData () + Reserve ( ).
+ SendData( ) + DisplayCost ()
+StoreData( )
N 0 4
| | |
| | I
| | |
| | <<usep>
<< yse >>
P G 2 << use T I
| -
I ! 3
1 ! !
ParkingManager Driver
-username : String -
id: int
-password: String
tReports ().
*Sefeporte () + CheckFreeSpace ( ).
t().
el + ChecCost ().
Login ().
Logtni) + CheckCarl.ocation ().
+Logout ().
_

4.5 Summary:

Figure 4.6: class hierarchies

This chapter explained the requirements description of our project; it explained the

requirements as scenarios using use-case diagram, class responsibilities collaborator, and

finally the chapter represented class hierarchies and relationships.
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Chapter Five:

System Design

5.1 Overview

5.2 Object Relational Model
5.3 State Behavioral Modeling
5.4 Subsystem Design

5.5 Class and Object Design
5.6 Object Interfacing

5.7 Hardware Interface Design

5.8 Summery
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5.1 Overview:

In this chapter we will define the components, modules, interfaces, and data for
the system to satisfy specified requirements.

The basic system abstraction diagram and how components are connected together
are shown in Figure (5.1).

‘Presence Sensor
»
ch_— Mcro
IEnd User Webserver
£
USB Wi-Fi
User App
Y
Manager :'E— —I
Screen

Figure 5.1 system block diagram

5.2 Object Relational Model:

Is a database management system (DBMS) similar to arelational database, but
with an object-oriented database model: objects, classes and inheritance are directly
supported in database schemasand in the query language. In addition, just as with
pure relational systems, it supports extension of the data model with custom data-

types and methods class diagram is shown in figure (5.2).[20]
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Vehicle'sSmartParking

loor: int

slotnumber; int

+ParkCar{car).
+AdminAccess(admin).
Has a l l Has o
Has a Has a
Sensor MicroWebSrver WebApplication AndroidAapplication
-|Paddress: string. JPaddress : String
-id: int, -macaddress: string
-portnumber: int “WebsiteName: String
+CollectData( )
+ Sensing () +DisplayMap( )
+SendData () + Reserve ().
+ SendData( ) + DisplayCost ()
+StoreData( )
N A %)
| | |
| | I
I l |
| | <<usop>
Sy ey ,
| ' -
I |
| |
ParkingManager Driver
-username : String !
id: int
-password; String
+ GotR: :
Rertparte) + CheckFreeSpace ( ).
il +ChecCost ().
Login ().
aeami) + ChockCarlocation ().
+Logout ().

Figure 5.2: Class diagram
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5.3 State Behavioral Model:

This section describes the overall system behavior by making focus on two aspects
which are dataflow and state flow. A dataflow model shows how the data will processed as
how it goes throw the system. State flow shows how the system responses to events and

goes from one state to another.

5.3.1 Control Flow

Control flow is shown in figure (5.3).

'

(check the smart ph one)

if driver enter

Y
(detection the car Iocation)

' check the cost '

if reserve from web

(searching for vacant space)

!

calailate the time)

Figure 5.3: control flow
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5.3.2 Data Flow

Data flow is shown in figure (5.4).

User
command
user
Valid ID
password information
Interface with Process Display
user password informatio Reports for
manger
Configuration data
Sensor
status
— Information and data
Driver
request
S
result Vacant space Dol
onitor location iIsplay
Statis woformatiop
Display
cost
Display car
location
Car
location

Figure 5.4: data flow

5.3.3 State Flow

Web application state diagram is shown in figure (5.5):

.—-)(enter web application}—)(reserve location command)—)©

Figure 5.5: Web application state diagram
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Parking manager state diagram is shown in figure (5.6):

W
. ..h( login \ @
’Ldo/ enter username/password) A

Figure 5.6: parking manager state diagram

Driver state diagram is shown in figure (5.7):

enter the parking

\( checking adnroid app. \
’Ldo/ searching for nearest vacant spaceJ

enter the id of reserved lo catioaniSp]aY the reserved |0cati0”)_‘—)©

*—

| ,f checking android app. ]
h h h | i
bt 'Ldo/ check the cost and the car location J

Figure 5.7: driver state diagram

Sensor state diagram is shown in figure (5.8):

data(signals)
. \( sensing ] ._( sending data \ .—)@
’Ldo/ sense presence of carJ C l do/ send data to micro server '

Figure 5.8: sensor state diagram
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Micro web server state diagram is shown in figure (5.9):

. i) “‘( Ll ] > data storing data processing
’Ldo/ get data from senssorsJ
e
sends data to adndroid app.j-..

Figure 5.9: micro web server state diagram

Android application state diagram is shown in figure (5.10):

driver exit
_>(display car location display cost

. i \( get data \

’Ldo/ get data from micro serverJ

L. | dispaly vacant space
driver enter

Figure 5.10: android application state diagram

5.4 Subsystem Design

This section shows the diagram of subsystem design. Figure (5.11), our system

consists of three subsystems:

1. Driver Interaction: The Driver deal with the system using these tasks:
e Driver reserve location in parking slot.
e Searching for vacant space
e Detect the car location.

e Check the cost when return to the parking.
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2. Parking Manager Interaction: The Parking manager deal with the system using

two tasks:

o The Parking manager gets data and statistics information.

e The Parking manager set the cost of parking during a specific time period.

3. Detection the Vacant Space:

The system must detect the free slots in the garage by using presence sensor,

which is deployed above all slots of the garage and must detect where is the nearest

free slots to the driver, The system must collect information from sensor by using

micro web server then display the nearest free slots to driver mobile.

1

|
|
|
|
|
|

Parking manager
interaction

.

ML R R R

get data

Set the
cost

____________________________________________

System
|
___________________________ T ——
i |
— —
Detection the vacant - :
Driver interaction
space
I |
] i |
| | | '
| | | !
| | | |
o Y ey O e Y o
Microweb | | presense | | Check the | |Detection the
server sensor cost car location

_\ Vi |
Reserve location (Searching for vacant
in parking space

Figure 5.11: subsystem diagram

5.5 Class and Object Design:

This section gives more implementation details about each class and operations.
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Table 5.1: vehicle's smart parking class.

Class name:

Vehicle'sSmartParking

-floor: int

-slotnumber: int

+ParkCar (car).

+ AdminAccess(admin)

Class name: vehicle's smart parking
The vehicle's smart parking class shows the attributes and the operations of the

vehicle's smart parking.

Attributes:
- Floor: int: number of the floors in the park, identification floor of type positive int.
- Slotnumber: int: number of the places in each floor in the park, identification places

of type positive int.

Functions:

+parkCar (car): is a public function which allow to the driver to park his car.

+AdminAccess (admin): is a public function which allow to the manger to access to

the database.

Table 5.2: sensor class

Class name:

Sensor

-id: int.

+ Sensing ()
+ SendData( )

Class name: wireless sensor
The wireless sensor class shows the attributes and the operations of the wireless

Sensor.
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Attributes:
- Id: int: number of the sensor in the park, identification sensor of type positive int.

Functions:

+ Sensing ( ): is a public function which return the status of the slot, if car in slot or
not.
+ SendData (): is a public function which sends the status of the slot to the micro-web

Server.

Table 5.3: micro-web server class.

Class name:
MicroWebSrver

-IPaddress: string.
-portnumber: int
+CollectData( )
+SendData ()
+StoreData( )

Class name: micro-web server

The micro-web server class shows the attributes and the operations of the micro-web
server.

Attributes:

- IPaddress: string: is a micro-web server IP address, identification micro-web server
of type string.

- Portnum: int: is a micro-web server port number, identify the port for our

application, identification port of micro-web server of type int.

Functions:
+ Collectdata (): is a public function which collects information from sensors.

+ Senddata (): is a public function which send the nearest free slots location to the

driver.
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+ Storedata (): is a public function which store data and information about the park.

Table 5.4: android application class.

Class name:

AndroidAapplication

-macaddress: string

+DisplayMap( )

+ DisplayCost ()

Class name: android application
The android application class shows the attributes and the operations of the android

application.

Attributes:
- Macaddress: String: is macaddress of smart phone, identification macaddress of

type string.

Functions:
+ Displaymap (): is a public function which returns the vacant space on parking map

on driver's phone.

+ Displaycost (): a public function which returns the cost of time parking on driver's

phone.

Table 5.5: driver class.

Class name:
Driver

id: int

+ CheckFreeSpace ().
+ ChecCost ().
+ CheckCarLocation ().

Class name: android application

The driver class shows the attributes and the operations of the driver.
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Attributes:

-id: int: is an identification number of the driver “MAC address of his smart phone”.

Functions:
+ CheckFreeSpace ( ): is a function which driver check his mobile to see parking map

to know where the free slots.

+ ChecCost (): is a function which driver checks his mobile to see the cost of time

parking his car.
+ CheckCarLocation (): is a function which driver take his car from slot where parked
in.

Table 5.6: parking manager class.

Class name:

ParkingManager

-username : String
-password: String
+ GetReports ().
+ SetCost ().

+ Login ().

+Logout ().

Class name: android application
The parking manager class shows the attributes and the operations of the parking

manager.

Attributes:
-username: String: is an identification username of the manger

-password: int: is an identification password of the manger.

Functions:

+ GetReports (): is a function which manger gets report and information about the park.
+ SetCost (): is a function which manger set the cost of parking time.

+ Login (): is a function which manger can access to the database of the park.

+ Logout (): is a function which manger logout from the database of the park.
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Table 5.7: web application class.

Class name:
WebApplication

-1Paddress : String
-WebsiteName: String

+ Reserve ().

Class name: android application
The web application class shows the attributes and the operations of the web
application.

Attributes:

- -IPaddress: String: is an identification of IP address of the web server.

-WebsiteName: String: is an identification of web site domain name.

Functions:

+ Reserve () : is a public function which reserve slot for the car before the driver
coming to parking slot.

5.6 Software Interface Design

This section shows the object interfacing and user interface design in the
system.

5.6.1 Object Interfacing

This section is show Sequence diagram of Object interfacing. See figure
(5.12).
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Driver | |Android application | | Micro web server | | Presense sensor Exit
|
|
|
|

E T

I
| |
| | Database |
: !F | @etection the car Iocatio@
l Take mac addrress | :
: Save |n database m—— t |
' Mac address | (e ka0 s> |

i Send cost message
Put the car

i Take car
h—‘_—’_"_'ﬂ

(Searching for vacant spac@

|
|
|
|
' :
! |
' |
: |
! |
: |
: |
: |
|
| |
|

Figure 5.12: Sequence diagram of the system.

5.6.2 User Interface Design

This section shows user interface design in software. In our System the interface
between driver and software is smart phone. The smart phone use to display the

vacant space on parking map and display the cost.

1- The interface of detect the nearest free slots as shown in Figure (5.13).
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Welcome in the parking

welcome in the parking

Please go to place Mo, 3

Reserve

Exit

If you reserve please enter D
num

Figure 5.13: Android Interface (a)

2- The interface of Jdisplay message of the location of the car and the cost. as

shown in figure(5.14)

Thank you for using the
parking

The location number of your
caris 3

Please you must pay 20
dollar

Figure 5.14: android Interface (b)

3-web application interface as shown in figure (5.15):
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| My New Page *\* =]

€ @1921681109/Newpark

Vehicles-Smart-Parking.

Project Home Manager People

Pr Proj
Objectives of Project PALESTINE POLYTECHNIC UNIVERSITY
VEHICLES SMART PARKING

T M W@ UM

12/18/2014

Figure 5.15: web application interface

5.7 Hardware Interface Design:
5.7.1 Component Interface:

The basic hardware components in the system are:
-sensors: detect the vacant space and then send data to micro server.

-micro server: acts as central device, receive data from sensors and send it to smart
phone.

-smart phone: receive data from micro server and display the information to the
driver.

The connection between all of these components and other is shown in figure (5.13).
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screen <l::> ¢ ; ] " Smart phone
Micro Controller

(Raspberry Pi)

Keyboard Presence
&mouse Sensor

Figure 5.16: Hardware Interface

5.8 Summary

In this chapter we talked about objects-relational model for the software
components, state behavioral modeling that includes control flow, data flow and state
flow. The chapter shows subsystem design so that it has a description of each
subsystem's tasks and components, software and hardware. Also the chapter describes
the class and objects design, interface design is for both software and hardware

components.

69



Chapter Six

System Implementation

6.1 Overview

6.2 System Implementation

6.2.1 Hardware connection and Interface

6.2.2 Software methods and Interface

6.3 Integrated System Implementation

6.4 Summary
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6.1 Overview:

In this chapter we will show and explain the implementation of the system. We are

also going to explain each stage in preparing and executing the project.
6.2 System Implementation:

This section explains the detailed description of the project hardware, software and

system units.
6.2.1 Hardware connection and Interface
1) Sensors Connections

Here we are using our parking model which consists of the two floors, where each
floor has four sensors. These sensors are connected to the raspberry pi. Each sensor is
connected to the General Purpose Input Output (GPIO) of the raspberry pi through
three pins (VCC, GND and SIGNAL). The sensor provide a GND signal to the
raspberry pi, if there is an object in its range. Otherwise the sensor will provide a 5

volts signal as shown in figure (6.1).

B ROBCT

Figure 6.1: Raspberry pi with sensor
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2) Wireless Dongle Connection

We used the wireless dongle to make a wireless connection between the raspberry
pi and android application on the smart phone. This connection was done through a

socket programming (IP address and port number). This is shown in figure (6.2).

Figure 6.2: Raspberry pi with wireless dongle
3) Screen Keyboard and Mouse Connection

The raspberry pi has an operating system (Raspbian). The system is accessed
through a screen, a keyboard, and a mouse. The screen is connected to the raspberry
pi a High-Definition Multimedia Interface (HDMI) cable. The keyboard and mouse

are connected to via a USB cable as shown in figure (6.3).

Figure 6.3: Raspberry pi and peripherals
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6.2.2 Software Methods and Interface
1) Python Programming Language

We used python programming language in the raspberry pi as the main language

in our system. We used python language for:
1- Control GPIO pins; to get data from the sensors.
2- Connect to the database and perform the queries we need.

3- Socket programming at raspberry pi side.

from socket import ¢
from datetime import datetime

pmport MySQLdb 1: Python to connect to database
Hb=MySQLAD . connect (" lasalnoan"” s " ’ p3")

import os
import RPi.GPIO as GPIO
curssdb.curscx ()
GPIO.setmcde (GPIC.B
GPIO.sezup(is
GPIC.sezup (23

2: Python to

control GPIO pins
and get data from
sensor

setup

t(18)==True):

cute( X -7 > 7oy - 5 AL )

else:
curs.execute(

if(GPIO.input (23)==True):
curs,execute(
else:

curs.execute( axk NSRS AARRS e )

import os
HOST = #local host 3: Python in socket programming

T(AF_

3.bind ((HOST, PORT))

Figure 6.4: Python Programming

2) Android Application

We developed an android application which is implemented using eclipse
software that should be installed at driver's smart phone which acts as a client for our

system. In the android application we used many methods and classes:
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1- Wife manager: which is used to get the macaddress of the smart phone in order to

send it to the raspberry pi and then save it in the database.

2- Socket programming at the client side.

3- AsyncTask: is used to establish a continue connection in the background.
4- Animaton class: in order to give our application harmony with users in a
graphically way.

The application contains three buttons as shown in figure (6.5). The first one is
used to reserve the nearest free slot in the parking lot. It display figure (6.6) to guide
the driver to his reservation. If there is no free slot the application will inform the user
that there is no free slot as shown in figure (6.7). If the driver used the web to reserve
a slot, he\she should choose the second button. After clicking on the application it will
ask the driver to enter the number associated with his parking slot as shown in figure
(6.8), then figure (6.6) will appear to show him\her exactly where to park. The last
button used when the driver exit to show where his\her car is and how much the cost
is as shown in figure (6.6).

find avalable park

reserve from
web

where is my car

Figure 6.5: android (a)
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Figure 6.6: android (b)

find avalable park

reserve from
web

where is my car

there is no available slot

Figure 6.7: android (c)
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enter the park number

where is my park

Figure 6.8: android (d)

3) Web application

In our system raspberry pi acts as a web server, when setting up a web site using

scripting and descriptive programming languages, we used:

1
2- CSS to design the style of the web page.

HTML as descriptive language.

3- Php as server-side scripting language.
4
5

Mysql with php to deal with database.

Apache server.

The web site has three pages; the first page “Home Page” that describe the project
and its objectives as shown in figure (6.9). The second page “Manager” that ask the
manager to login to set the cost as shown in figure (6.10) and display reports of the
parking as shown in figure (6.11). The third page “People” for drivers to reserve free
slot in the parking in addition the driver can download the android application for his

smart phone as shown in figure (6.11).
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/ My New Page x U

€ @ 1921681109/ NewPark

Vehicles-Smart-Parking.

Project Home Manager

People
Pr Proj
Objectives of Project PALESTINE POLYTECHNIC UNIVERSITY
VEHICLES SMART PARKING

A . - 1001PM |
N . -
e B A B Uity

Figure 6.9: Home Page

Vehicles-Smart-Parking [L] Vehicles-Smart-Parking.

Developing smart parking system,

ol

Please enter your name and password

DReveloping sman parking system,

Propin Prosect rome Propse
New Managcr
About vour Park ,

Determine the # of Slot in the Park and Cost :

Manger Name

Manager,
——-

Password

T

ou peed 15 o8ter H you are a mew mansger you can determine the member of vacant space
wiermame and pavswoed to
«trier he mue page

Number of vacant space © B - |
¥ can determan dat

Tooevee heve and you can determine the 03t of parking

POt Bl G |

Paged ater pArastication

Figure 6.10: Manager (a)
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Vehicles-Smart-Parking.

Developing smart parking system,

Project Home Man

information about the park

New Manger,
|AD9_HLY.QULEQLL | Slot_Number Status_Web Status_Sensor Macc_Address Time_Entry
1 0 1 *3C:A1:0D:3E:8A:6C" 17:04:23
Manger. 2 0 0 *00:00:00:00:00:00" 00:00:00
3 0 0 *00:00:00:00:00:00" 00:00:00
S oo oK 4 0 1 "1A:0C: 5C:8E:15:78" 05:00:00
park at real time 5 1 0 *00:00:00:00:00:00° 00:00:00
6 1 0 *00:00:00:00:00:00" 00:00:00
ot 7 1 1 "SA:3C:3E:8A:50:08" 13:15:00
8 0 0 *00:00:00:00:00:00° 00:00:00
Figure 6.11: Manager (b)
Y My S e « o et ocaot g % E—»’—\}-ﬁ-'
€9 vy acinen *8 3 a0 =
5 Mot Visted | Gettiog Shated 4 See Whats Mot | | Sugpested Ses || Web Sice Galery
Vehicles-Smart-Parking.
Developing smact parking system,

Project Home Manager

Reserve Free Slot In The Park.

You can reserve an empty slot inside the park

To reserve emply slot inside the park you just to dick here 3 Re:

Your shot number is 1

Your sot reserved for 15 min 50 you need to go befor this time tum off.

You can downdoad the Vehickes Smart Parking System Applicatin from this Sk

e UK B0t 10 SoWTIOMS MDA I

your meboe

e St e |

Ok here Then you et $301 frumber

Figure 6.12: People
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4) Mysql

We used mysgl as database management system. We have two tables in our system

“park” and “manager” table.

Park table consists of five columns (id, status, sensorstatus, macaddress, and time
entry) as shown in figure (6.12).

e Status: present if the slot is reserved from web or not.
e Sensorstatus: present if the slot is occupied or not.

e Macadress: store macaddress of smart phone.

e Entry time: store the time when the driver park the car.

pi@raspberrypi: ~
File Edit Tabs Help
"“h' for help. Type '‘c' to clear the current input sta

MULL
MULL
MULL
MULL MULL
MULL MULL
MULL MULL

[@lwpa qui
@wpa_g

Figure 6.13: Park Table

Manager table which consist of four columns (id, username, password, and cost) as

shown in figure (6.13).

e Username: store manager name.
e Password: store manager password.
e Cost: store the cost of parking per hour.
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pi@raspberrypi: ~

File Edit Tabs Help

Figure 6.14: Manager Table

6.3 Integrated System Implementation:

The final stage is to connect all the previous subsystems together to get the final

circuit. The whole system implemented together as shown in the figure (6.14).
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Figure 6.15: Integrated System

6.4 Summary:

In this chapter we explained all the work in details, in addition to figures and

tables that shows all steps of the project work. Each stage had been explained
individually.
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Chapter Seven
System Testing

7.1 Overview
7.2 System Testing

7.3 Summary
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7.1 Overview:

In this chapter project implementation was done step by step, each step was tested directly and
results were recorded. Results of each hardware design and software codes will be presented.
Each subsystem will be tested alone and results will be documented, then the whole integrated

system together. Figures and tables will be provided in the testing chapter.

7.2 System Testing:

This section will provide the testing and all results that accrued during the testing process.

7.2.1 Presence Sensor Testing:

In this section we will elaborate about the presence sensors connection with the raspberry pi
microcontroller. First when we connected the sensor with raspberry pi, it shows the result on
LEDs. The next figure shows the connection between the raspberry pi and presence sensors as

shown in figure (7.1)..

Figure 7.1: presence sensor testing
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Finally we tested all sensors with raspberry pi and got the result on the terminal as shown in
figures (7.2-7.5):

If the parking is empty the system will select the first slot, as shown in figure (7.3):

(GRIO. tnput (=4
Mns s LAl
7 ‘i;\:xu. {nput. (25) ==
“i(-;:'!o. 1nput (8) ==

m((-;;lo. snput (7) ==

L6 S
(GPTO. 1nput (22)

Ldw7 R
(GRPLO. tnput (27
Lcdm8
s

P10, setmods (GRLO B
ep10. metup (18, GELO- IH
stup (22, GR1O. IH
cup (24, GRIO. 1D
cup (25, GRTO. I

etup (8, GRPLO. 1D

Figure 7.2: all presence sensors testing (a)

The system select the nearest vacant space in the parking from available free slots, as shown in
figures (7.3 and 7.4)

x
Ele Edit Tabs pelp
Pi@raspberrypi
pig@raspberrypi

Pi@raspberrypi
1@Qraspberrypi

igraspberrypi

Figure 7.3: all presence sensors testing (b)
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pi@raspberrypi: ~

Figure 7.4: all presence sensors testing (c)

When the parking is full, the system shows that there is no available free space, as shown in
figure (7.5)

Tabs Help

file Edit
pigraspberrypi
pi@raspberrypl
pigraspberrypi
pi@raspberrypi

pi@raspberrypi
pigraspberrypx

1graspberrypi

e
;

— e R S

Figure 7.5: all presence sensors testing (d)
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7.2.2 Raspberry pi Testing

In this subsection we will elaborate about the raspberry pi connection with the other system

components.

1) Wireless Connection Testing:

This phase include wireless connection between raspberry pi and android application. First we
get MAC address from android application of smart phone and display it as shown in figure
(7.6).

.error: 1SS1q! queste E@v&E - @ % .l ®9:27 PM
@raspberrypi <o python i -5
Lo > Sant . st) : @ Status

i@raspber ryi)i

pi@raspberrypi

Px

a

e P

Figure 7.6: Wireless Connection Testing

2) Database Testing:

We created a table and perform some queries at Linux terminal, as shown in figure (7.7):
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pi@raspberrypi: ~

Edit Tabs Help

for help. Type '“¢' to clear the current i1nput sta

Figure 7.7: Database Testing

7.2.3 Mobile Application Testing:

This phase includes the wireless communication sending and receiving data from raspberry pi as

shown in figure (7.8).

BiceO@0 T Mml1:05PM pi@raspberrypi: ~

Mathernatica Scratch

e 0

Python Nolfrarn

-
i@ aa

find avalable park |[—

Gamne

reserve from
web

where is my car

Go To Parking No. '

Mliclori

Figure 7.8: android communication testing (a)
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Q@ T O 7T lm1:07PM

i® aa

- pi@raspberrypi: ~
Edit Tabs Help

File
find avalable park

reserve from
web

where is my car

Your Car At Parking No.

ou fwaveto 9.0 NIS

Figure 7.9: android communication testing (b)

7.2.4 Web Application Testing:

This testing process was done by the user accesses the web page and allocate location in
the parking remotely. We tested the web site first at local host on raspberry pi as shown in figure
(7.10).

o i@raspb i~
I!eserve Free Slot In The Park. ikt A

File Edit Tabs Help
You can reserve an empty slot inside the park } (88 | ,; 1A110D: 3E:BA: 6 2 ‘: \ )
[ [ [ N NULL
|
|

- : 1 NUI NULL
To reserve empty slot inside the park you just to dick here :| Reserve Frze Slct ;

LA

Your slot number is :

y |
)

Your slot reserved for 15 min so you need to go befor this time tum off.

You can download the Vehides-Smart-Parking System Applicatin from this nk

Vehicles-Smart-Parking System

Figure 7.10: web application testing

87



7.3 Summary:

In this chapter we started by testing the raspberry pi which showed the results on LEDs.
We also showed wireless connections between the raspberry pi and android application that
is provided with the database testing by figurers. Each part is examined as individual part. At

the end the whole system is tested as one part.
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Chapter Eight

Conclusions and Future Work

8.1 Overview
8.2 Conclusions

8.3 Future Work
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8.1 Chapter Overview:

In this chapter we will consider all conclusions of the projects, in addition to future

work of the project.
8.2 Conclusions:

The project has been done as a step to develop the parking system and reduce the

human role in wasting their time looking for a parking spot.

The system will direct and guide drivers to the most convenient available parking
space in the parking facility in the shortest amount of time and least effort. The system
consists of web and android application on the drivers mobile, which allows the driver to
know where the nearest available parking spaces is. The system can display the location
of the driver's car on his smart phone through the android application when one comes
back to get ones car. In addition, the system allows the driver to reserve a slot in the

parking from anyplace where the internet is available.

Almost all the goals of our system are discussed and the way of achieving it. An
automatic parking system has been built in order to make the parking process easier,

accurate, and reduces the needed time.

Our experience and skills from the implementation of the project are:-

Developing android applications.
Experience in networks and socket programming.

Learn new programming language “python”.

YV V V V

Experience in Linux operating system specially “Rasbian” and its terminal

commands.

A\

Web site development.

Y

Mysql database management system.

» Dealing with sensors and micro controller “raspberry pi”

90



8.3 Future Work:
After our hard work on this project, and facing many problems during the
implementation; we as project team see that the following points may be a good

improvement in the future. To make it more reliable and suitable for real life application:

v" Authentication for entering the parking.
v Expand the idea of collecting the fees in computerized way.
v" Use wireless sensors.

v Make monitoring system for more security.
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