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ABSTRACT

A common means of traveling in towns, cities and campus is walking because there
are many pavements and short-cuts not accessible by motor vehicles. Unfortunately,
certain stretches are prone to risks such as high speed traffics and social crimes,
hence the need for safe pedestrian routes. This paper proposes a map application
designed for pedestrian safety that recommends the safest path based on user inset
criteria, safe route determination algorithm and knowledge base. This application
may find usage by people who travel alone such as working night shift, missing the
last public transport or backpacking tours. The system gives priority to safe route
based on database input before looking into the distance. The system is developed
using internet aid wireless technology for ease of access. The contribution of this

work is system design that provides the mentioned functionalities on handheld

devices.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND OF STUDY

Location awareness to save time and energy in the modern day is a topical issue
that receives much concern of people. However, the question of these days is not
only: “What is the shortest path to go?” but it has moved to another level of
consideration: “What is the shortest and safest path to go?” This is due to fact
that crime rate is increasing everywhere. Speaking about crime rate in Malaysia,
the numbers are getting bigger and bigger. With rapid increment in population,
more and more criminals are born. There are about 161 prisoners per 100 000

people in Malaysia and this number keeps hiking.

How will the system developed to make it convenient for all users? Nowadays,
we all know the use of computers and communication devices such as mobile
phones are becoming significant as ubiquitous features of daily life. This latest
development is linked to the tremendous growth in the number and the
sophistication of web-based and mobile applications. Following the trend, the
system should be made available not only on website but also on handheld

devices so users can carry the application along wherever they go.

1.2 PROBLEM STATEMENT OF STUDY

1.2.1 Problem Identification

Conventional maps lack information on safety whereas some routes may be

dangerous for pedestrians to take during certain time of the day.

1.2.2 Significant of the Project



ORDS is a free application which brings benefits to users including:

1. Reducing safety risk — Users of ORDS can obtain information on which route
is safer and thus using the route that has less risk of facing danger.

2. Saving time and effort — Instead of locating the directions from the map
manually, ORDS provides the ease to the user by identifying the route and

the directions in the web server.

1.3 OBJECTIVES OF STUDY

To develop an online map portal on handheld device with optimal safe routes for

pedestrians

1.4 SCOPE OF STUDY

o To research and develop algorithm and data structure to determine the
safest route to the desired destination

s To deploy the system on mobile technology tools

Optimal Route Determination System will be available in two forms: web-based
and handheld. The system will receive three inputs from users including origin,
destination and safety criteria. The output is the directions and the location of the

destination according to user’s choice.

The location chosen to implement this application is UTP Campus. The main
reason is that the appropriate area of the campus makes the nodes taken into
computation not too big nor too small, just complex enough to check the
effectiveness of the algorithm. Besides, it is also easy for the testing purpose
since here there are many people who are used to the campus ways and they can
verify the accuracy of the system. The system will be a functional prototype that
is ready to be used by UTP community at completion of the project (FYP 1)



CHAPTER 2
LITERATURE REVIEW

2.1 PREVIOUS STUDIES AND SAFETY CRITERIA

2.1.1 Previous studies

Navigating a dense area such as a town or a sprawling campus can be a daunting task
for those unfamiliar with the environment. Even with aid of a map, manual search is
often difficult due to thick details contained. Yet, map is the most practical aid of
navigation. Information such as safety of the route is important as pedestrians are
exposed to higher crime risks as compared to other vehicle users. However, current
services provided by Google Maps, Yahoo! Maps, MapQuest and MS MapPoint
[1,2,3,4,5] haven’t paid much attention to this problem.
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Figure 2.1: Google Map with no selection of safety criteria

In terms of navigating, many researchers have shown their effort in finding the
solution for different targeted users. Some explore the mobile journey planning for
public transport [6][7]while others figure out the route finding for tourists [8][9].
Along the way of exploration, many new ideas are bloomed such as moving to a

concept of talking route planner for the blind [10].



Specifically about safety, there is one proposal for Safe Routes to School (SRTS)
which shares the same concern; however the proposed system is just in the early
stage and has not been officially implemented [11]. Safe Routes to School is a
national and international program to create safe, convenient, and fun opportunities
for children to bicycle and walk to and from schools. The program has been designed
to reverse the decline in children walking and bicycling to schools. Safe Routes to
School can also play a critical role in reversing the alarming nationwide trend toward

childhood obesity and inactivity.

Dr. Ruihong Huang in his paper proposes a GIS data model and an Internet GIS
framework for SRTS. The data model supports convenient storage and retrieval of
diversified walking/bicycling safety-related data and facilitates development of
various safety indices. The Internet GIS framework provides a series of web-based
functions such as walkability/bikeability evaluation, safe route oriented network
analysis, data communication, and web-mapping to satisty information needs of all
users. The GIS data model and Intemet GIS framework are implemented in a Safe
Routes to School information system for the Sechrist Elementary School in Flagstaff,

Arizona.
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Figure 2.2: A snapshot of the Internet GIS for SRTS

2.1.2 Safety Criteria

The definition of pedestrians includes persons traveling on foot as well as those using
some appliance or object to help them fulfill that action or to accompany them in
fulfilling it such as a pram or wheelchair. Speed as well as movement patterns vary
for different pedestrian types. Particularly vulnerable groups include children, the
elderly and the disabled.

According to European Road Safety Observatory[12], a risk rate exposed to

pedestrians can be calculated as:

figk = a4 sdiely OULOI
amoun: of exgosure



The road safety outcome is usually the number of accidents or casualties, (fatal
accidents, accidents with hospitalized or fatally injured victims, fatalities, persons
injured). The amount of exposure is mostly selected based on its theoretical
importance. This can be restricted to a specific period, area, time of day, vehicle

types involved, and condition of the road.

Based on this, three most common safety criteria chosen to be used in ORDS are

well-lit, paved and low crime rate.

2.2 REVIEWS ON GEOGRAPHIC INFORMATION SYSTEM
221 GIS

GIS is the most active technology in Geographic Science and Earth Science.
According to Wikipedia, GIS can be defined as any system which captures, stores,

analyzes, manages, and presents data referring to location.

2.2.2 Web-based GIS

With the development of computer and network hardware and software, especially
Internet building, GIS has got a lot of new features to fit Web applications [13]. The
major reason for the increase of map distribution through the Internet is the cost. It is
simply less expensive to distribute color graphics through the web than to print and
distribute maps on paper. The second reason is the time. Maps on computer networks
are delivered in a fraction of the time that was previously required. The third reason
is the potential for interaction. Users can interactively choose a location to map and

the features to include on the map.

Unlike most micro-computer applications which can be used immediately after the
purchase of hardware and software, GIS requires a large spatial database to be
created, appropriate hardware and software purchased, applications developed, and

all components installed, integrated and tested before it can be used. As spatial data



becomes an enterprise resource that adds value to many existing and future business
processes, the requirement for better integration with relational database
management systems (RDBMS) becomes crucial. GIS users in the future will want a
complete RDBMS to fit with their current GIS needs. GIS-related data will be loaded
into the RDBMS with ease and all applications in various departments in an
organization will become integrated. Spatial analysis will then be truly deployed

throughout organizations via the Internet or intranets.
2.2.3 Mobile GIS

As we know, now the World Wide Web is becoming the primary communication
interface. People access the Internet for entertainment and information coliection; the
intranet for accessing company information and connecting with colleagues; and the
extranet for accessing customers and suppliers. We've all enjoyed the happiness
offered by the computer system and wire communication at home, at work, at school
and maybe at any other buildings. The next thing we will want is to extend this
happiness to be accessible anywhere, anytime. So the wireless Internet access service

becomes the concern of the multitude.

The use of a portable and wireless device such as Personal Digital Assistance (PDA)
and mobile phone is becoming popular and significant. Recent studies stated that
more than 50% of the world population is reported to have a ratio of at least one
mobile phone to a person [14]. It is also stated that the percentage is expected to
increase as the product range in mobile telephony is made more available at reduced
prices and equipped with advanced function. And recently, with the new challenge in
the work and life, personal computer cannot meet the demand of people in many
situations, Many users expect they can access the information under the mobile
environment. This emerging demand has dramatically changed the technology of

mobile computing and mobile mapping.

GIS has seen many implementations on mobile devices. Many research papers have
explored the way to implement GIS on mobile application [15}[16][17][20], and

even specifically in the area of finding route [18]. Nowadays, with the widespread



adoption of GPS, mobile GIS has come to the next level when it can automatically

detect the location of users.

Normally, mobile GIS is the combination of geographic information system (GIS)
software, global positioning systems (GPS), and mobile computing devices. Mobile
GIS fundamentally changes the way information is collected, used in the field, and
shared with the rest of an organization. A mobile GIS allows you to visualize
information in a digital map, collect information where you observe it, and interact
directly with the world around you, while improving productivity and data accuracy.

Below is the picture presenting the components of Mobile GIS:

2.3 REVIEWS ON MOBILE APPLICATION DEVELOPMENT
2.3.1 Characteristics of Mobile Devices and Applications

Web-pages displayed on a computer monitor can be huge and full of pictures
inchuding animations, sound and fancy fonts. But all these features that make Web
pages so enjoyable and so useful to read on a computer are the very features that
make Web pages impossible to view on a cell phone. Unlike Internet users who are
tied to a bulky PC or laptop, wireless cell phone users don’t want to surf. The most
important thing they look for is information, usually small pieces of information that
they can access quickly and effectively. Consequently, to meet user’s demand,
developers have to take into account those following limitation of mobile phone

features.

The first casily noticeable is that mobile phones usually have smaller, usually much
smaller, display screen than a PC. Typically they are 4 to 11 lines long by 12 to 16
characters across with limited graphics capabilities. Small bitmaps and icons may be

displayed but larger graphics are not supported.



Phones also have a limited keypad, so data entry is cumbersome. So interface which
requires users to enter large chunk of information is not suitable. Morcover, cell
phones also have a smaller memory and smaller random access memory than
computers do, so the data that can be transmitted, received and displayed is limited.
The transmission limitations depend on the network and the gateway used. Typically
the limit is about 1.2KB but it is often recommended to keep the size of a data stream
to fewer than 600 bytes. In addition to that, the electric power of mobile phones is
provided by battery. Despite all those facts, users still expect their applications to
deliver a responsive, interactive eXperience. As a result developers often find
themselves facing a tension between resource/memory usage and application

performance when developing.

Lastly the widely varying microbrowser type can make it difficult for developers to
provide an acceptable user experience across a significant range of devices. If in PC
platform there are only a few major web browsers namely Microsoft Internet
Explorer, Mozilla Firefox, Netscape Navigator, in microbrowser platform there are
much more than that. Each company has different kinds of browsers, and the
browsers from the same company can even vary in different models. There is a very
little standard among those. When different devices support different markup
features and different screen sizes may demand different sized images, it is very
challenging for developer to deliver content to be displayed properly in almosf all

kinds of hand phones.
2.3.2 Wireless Application Protocol (WAP)

WAP is an international set of standards and rules that is intended to define and
regulate how users access Internet-based information and services from their wireless
devices [21]. Since WAP is global, it is now the link of the Internet to the mobile
world, bridging a gap between two of the top industries of the world. WAP covers
most cellular networks and is supported by nearly all operating systems. It also takes
into consideration of other limitations such as smaller display, different input

method, less powerful CPU, less memory and low bandwidth network connectivity.



WAP has some of the following basic advantages:

e Lase of use: almost all that is necessary to use WAP applications is a basic
knowledge of the internet. Besides this, one needs only to know how to use
one’s wireless telephone

e Doesn’t depend on the type of bearer for compatibility within wireless
technologies: WAP technology doesn’t depend on the type of bearer, which is
why services provided for subscribers of wireless networks with any standard
( eg GSM) can be used by subscribers of other networks( eg CDMA)

WAP model is very similar to the WWW model. One of the main components of the
architecture is WAP gateway, which acts like a proxy server between origin server
and the mobile clients. The architecture of how WAP works is shown in figure 1

below:

WAP Gateway/
Proxy

Chem

Figure 2.3: WAP Model

There are several steps to do a WAP session [22]:
1. A user uses a WML browser to enter the URL

10



2. The browser analyses the URL, forms a request according the WAP protocol
and sends it to the WAP gateway using the WTP transport protocol
HTTP server over the ICP/IP protocol

4. The HTTP server analyses the request and either extracts a static page located
in a certain directory r gives control to the CGI program. The execution of the
CGI program results in an already-formed WML document coming back to
the server

5. The HTTP server adds HI'TP headers to the received content and sends the
results to the WAP gateway using TCP/IP as the transport protocol

6. The WAP gateway checks the correctness of the received content, transforms
it into binary format if necessary and sends results to the WML browser using
WTP as the transport protocol

7. The WML browscr analyses the answer and displays part of the document on

the wireless terminal screen.

WARP architecture is divided into several layers which follows the OSI model fairly
closely .Below is the picture of WAP layers:

" Web = | Wireless Application Protocol
HTML |

Other Services and
Applications

_Application Layer {WA_E} _

HTTP

: S'essi;on,L_ayer (WSP)

Transaction Layer (WTP)

_ secur'iw LajrerMTLS}_ T

Figure 2.4:WAP Layers
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Application Layer

WAP's application layer is the Wireless Application Environment (WAE). WAE
directly supports WAP application development with Wireless Markup Language
(WML) instead of HTML and WMLScript instead of JavaScript. WAE also includes
the Wireless Telephony Application Interface (WTAIL, or WTA for short) that
provides a programming interface to telephones for initiating calls, sending text

messages, and other networking capability.

Session Layer

WAP's session layer is the Wireless Session Protocol (WSP). WSP is the equivalent
to HTTP for WAP browsers. WAP involves browsers and servers just like the Web,
but HTTP was not a practical choice for WAP because of its relative inefficiency on
the wire. WSP conserves precious bandwidth on wireless links; in particular, WSP

works with relatively compact binary data where HTTP works mainly with text data.

Transaction, Security, and T ransport Layers

These three protocols can be thought of as "glue layers” in WAP:
¢ Wireless Transaction Protocol (WTP)
¢ Wireless Transaction Layer Security (WTLS)
» Wireless Datagram Protocol (WDP)

prevents duplicate copies of packets from being received by a destination, and it
supports retransmission, if necessary, in cases where packets are dropped.

WTLS provides authentication and encryption functionality.

WDP acts as the communication layer between the upper level protocols and the
bearer services. The function of WTP layer is to provide a stable environment so that

any of the underlying bearers can operate using WAP.

12



Bearer Interfaces

The bearers of WAP are the products or other types of mediym that implements
WARP in their network and in their technology, such as GSM, CDMA or GPRS.

2.4 ALGORITHMS RELATED TO THE STUDY

Optimization is the art of selecting the best alternative among a given set of options
The algorithm related to the study should be the one which could solve the problem
of finding the shortest path. In addition, the algorithm must be easy to modify to find

the safest path as well. Several algorithms are taken into consideration.

2.4.1 Bellman—Ford algorithm

Bellman-Ford algorithm computes single-source shortest paths in a weighted digraph
where some of the edge weights may be negative. Bellman—Ford is usually used only
when there are negative edge weights, however Dijkstra's algorithm can accomplish

same results with a lower running time given edge weights are non-negative.
The main disadvantages of Beliman—Ford algorithm in this setting are

« Does not scale well

» Changes in network topology are not reflected quickly since updates are
spread node-by-node.

« Counting to infinity (If link or node failures render a node unreachable from
some set of other nodes, those nodes may spend forever gradually increasing
their estimates of the distance to it, and in the meantime there may be routing

loops.)

2.4.2 Generic Algorithm

Genetic algorithms are a part of evolutionary computing, which is a rapidly growing

area of artificial intelligence. Inspired by Darwin's theory of evolution - Genetic
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Algorithms (GAs) are computer programs which create an environment where
populations of data can compete and only the fittest survive, sort of evolution on a
computer. Generic Algorithm can be used effectively for searching multiple routes
from a real road map with a rank order i.e: shortest, second shortest, third shortest
and so on. One of the major disadvantages of genetic algorithms is that they are very
slow so this kind of algorithms will not suitable to develop ORDS which interaction

speed is a highlighted feature.
2.4.3 A* Algorithm

It is a graph search algorithm that finds a path from a given initial node to a given
goal node. It employs a heuristic estimate /(x) that ranks each node x by an estimate
of the best route that goes through that node. It visits the nodes in order of this

heuristic estimate. The A* algorithm is therefore an example of best-first search.

One disadvantage of A* search algorithm is its heavy dependency on the heuristic
function chosen whereby a good one will allow the algorithm to run quickly and find
the optimal solution and bad one may just increase the running time or even mislead

the algorithm into returning sub-optimal solutions or not find solutions at all.

Another issue is how quickly the heuristic function can be computed. There’s always
a trade-off between the accuracy of the heuristic and the time it takes to compute its
gstimates therefore when choosing the heuristic function for a specific
implementation of A-Star, one should always think carefully about whether speed or

accuracy is more valuable in the context of the problem.
2.4.4 Dijkstra algorithm
Dijkstra’s algorithm (DA) is the best known algorithm for the shortest path problem

in theory and the most robust in practice.

It works as follow:
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1. Let's call the node we are starting with an initial node. Let a distance of a

node X be the distance from the initial node to it. Dijkstra's algorithm will

2. Assign to every node a distance value. Set it to zero for our initial node and to
infinity for all other nodes.

3. Mark all nodes as unvisited. Set initial node as current.

4. For current node, consider all its unvisited neighbors and calculate their
distance (from the initial node). For example, if current node (A} has distance
of 6, and an edge connecting it with another node (B} is 2, the distance to B
through A will be 6+2=8. If this distance is less than the previously recorded
distance (infinity in the beginning, zero for the initial node), overwrite the
distance.

5. When we are done considering all neighbors of the current node, mark it as
visited. A visited node will not be checked ever again, its distance recorded
now is final and minimal.

6. Set the unvisited node with the smallest distance (from the initial node) as the

next "current node" and continue from step 3

A potential advantage of Dijkstra's algorithm for our purposes is that the algorithm
often does not have to investigate all edges. If edges are relatively expensive to
compute, then Dijkstra's algorithm might turn out to be faster. The original algorithm
computes the shortest paths from one source to all other vertices in the graph, but it
can be easily modified for the problem of computing the shortest paths from one

source to several specified other vertices.

For the purpose of developing ORDS, I believe DA is the best choice to implement,

as has been suggested in the above arguments.
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CHAPTER 3
METHODOLOGY

3.1 METHODOLOGY SELECTED
3.1.1 System development methodology
The methodology which is applied during the project development is the Spiral
model. This model of development combines the features of the prototyping model
and the waterfall model. Using this methodology, the project will be divided into

several phase with particular deliverables. In each phase, it can be seen a full project

life cycle with the review of the previous prototype.

Design

Analysis implementation

Testing

Deployment

Figure 3.1: Spiral Model for system development
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There will be two main phases during the development:

Phase one: the main task in the first phase is to set up a platform for that web-based
system. At the end of this phase, the system would be ready to perform fundamental
functions in PC platform. The main task in the phase include:

e Task 1; set up the server environment. The package is Microsoft Windows
XP, Apache Server, PHP, MySQL. The environment should be configured
formally and tested before proceed

¢ Task 2: Study on Dijkstra’s Algorithm

o Task 3: Design the website interface

o Task 4: Design the database

e Task 5: Create PHP code that handles the functions

e Task 6: Integration and testing

Phase two: During this phase, a study on mobile technology and WML language will
be carried out. At the end of this phase, the system would be ready to perform

functions on mobile phone micro browser. The main tasks in this phase include:

o Task 1: Review the previous prototype

e Task 2: Study on WML

o Task 3: Develop the system using WML
e Task 4: Integration and testing

3.1.2 Research Methodology

In the first part of the project, researching and gathering information will play a key

role. Some research methodologies that will be used are:

o Observation: Observation is done to see the route system of UTP and try to

identify any problems faced by UTPians.
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e Questionnaire: One set of questionnaire is prepared to confirm the result from
observation phase. It also gather information about how UTPians think about
ORDS, what problems they are facing and what they expect in the new
system.

o Interview: An interview with Mr. Zakaria, Universiti Teknologi PETRONAS
Security Officer is done to get information about UTP map and UTP roads.

e Statistical methods: will be used to analyze the results of the questionnaires
and coming up with some graphics and visual aids about the statistical
numbers collected.

» Searching on Internet: Gathering basic information about other existing

similar systems to see the possibility to adapt their techniques in ORDS.
3.2 SYSTEM ANALYSIS
3.2.1 System architecture
The proposed architecture for ORDS is tiered server-client architecture. The server
will run on Apache with SQL server as backend database. Clients who use PC
platform can access directly to the service at the server. Mobile users which use

laptop, PDA or cell phone, can access the service via Wireless LAN or

GSM/GPRS/3G network.,
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3.2.2 Use Case Diagram

Users can use the system by choosing origin and destination along with the
safety criteria. They can also view the result sent back by the system after

processing.

System

Choose origin and
destination

Choose safety

criteria
User

Figure 3.3 : Use Case Diagram
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3.2.3 Activity Diagram

Start

< Enter Source and
Destination

J
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~Choose safety-
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\__ route
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No criteria -
\\\ // P
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/~ Send nodes to Dijkstra’s Algorithm to
\\ calculate route )

End

/

Figure 3.4: Activity Diagram

First, user interacts with his/her computer or mobile phone and connects it to the

Internet. The user will enter his/her current location and the destination as well as

other criteria. At the moment, safety criteria are based on three conditions: well lit,

paved and low crime rate. Well lit means that the route is bright while paved means

the path is has pavement for pedestrians. In Malaysia, darker path is usually more

dangerous. And if the path is not paved (for example, a short cut path where not
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many people are using), the risk of facing danger is higher than the paved route.
Another criteria, low crime rate, which is analyzed through data collected, is also
added. If no criterion is selected, by default the application will return the shortest

route.

3.2.4 Entity Relationship Diagram

Nodae. _
» . path
PK nodelD Sk noteErom
name PK noteTo
position | has ‘
status | dlstan_ce
X : o |well it
y paved
image lowCrime
sound o
has
1
‘Best_route
PK |id
rString

Figure 3.5: Entity Relationship Diagram
A relational database management system (RDBMS) is used to store information of
each node and its distances with adjacent nodes. The followings are the tables used in
the database:
e Table “Node” stores data of each node including nodeID, name, coordinates
on the map (X, y) , image and sound of the location.
e Table “Path” stores data about certain pairs of nodes including nodeFrom,

nodeTo, distance and the criteria of the path: well-lit, paved or interesting.
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e Table “Best_route” stores data about the best path returned after the

Dijkstra’s Algorithm processed data.

3.3 TOOLS AND TECHNIQUES

A number of tools and technigues have been identified to accomplish the project.

Component Reason of Usage

Apache '

MySQL _.;Dataii.)ase_ Server: to implement the d_ataﬁéée
'.s'tn.u.:t.u:je of the 'protofybe. it isg--ﬂs__e_d_ to se.p’arat'e.
database.ffom' application interfaé_e_ to improve the
_'.SECuri_ty'- and better d'ata'.m'anagéfn'en.t issues of the
sYste'ni._ ! R

PHP .

Macromedia Dreamweaver

Web authoring tool with advanced features for

.n'n.-iltip:l e"-lahguag'e; (HTML; XML, PHF, ]‘avascfipt...)' o

Adobe Photoshop CS2

Macromedia Flash Player

To provide interactive output on the map.

Mobile Emulator{Openwave, |

Nokia Mobile Browser)
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CHAPTER 4
RESULT AND DISCUSSION

4.1 RESULT

4.1.1 Survey result

The objective of distributing questionnaire is to get better understanding about user
requirements and expectation, about the digital map concept on website and mobile

through the view of users.

The questionnaire is divided into three main sections.

Section A collects some general information about users as well as their habit of
travelling. When asked to self-evaluate the navigation ability or sense of direction,
44% of the interviewees said “Yes” when others chose “No”. From here, we can see

a demand for a convenient digital map to guide people when travelling.

However, traditional paper map is encugh for the current demand. 41% of the people
don’t want to carry a paper map when they travel and the reason given is that paper
map sometimes not up-to-date and not interactive enough. That costs the user a span
of time to identify the place they are currently at, the place they want to go to as'well

as the best way to get there.

Section B introduces the concept of ORDS to users and surveys its possibility to be
implemented in campus zone.

In the campus, number of people who travel on foot (72%) outweighs other vehicle
users. Pedestrians are the ones that have to most probability of being exposed to

danger when travelling at night, so ORDS can be developed to target those users.
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Safety criteria receive much concern of interviewees when ftravelling. Question 3
asks for student’s opinions about defining a safe route. Well-lit, paved and some

other criteria such as low crime rate and physical disturbance are mentioned.

Question 5 asks for student’s opinions about implementing this system.71% of the
students are eager to have such system. They said they want to see the whole campus

through digital map as well as to know the shortest and safest routes while travelling.

Question 6 further surveys to see how the system will most benefit users if it is
implemented. The availability on mobile device received much concern from users

because it enhances the mobility and convenience,

Section C ends the questionnaire by asking for recommendations from users and
what they expect if the system is implemented. Low-cost is the significant feature
that most of the students mention. Besides, visualization with nice GUI, user-friendly

navigation and speed are also among their concerns.
4.1.2 System development result

At the moment this report was written, the author has finished the Optimal Route

Determination System in both PC and Microbrowser version.

Apache, MySQL and PHP were setup and configured successful in a local server.
Author uses PHPMyAdmin to manage the database and three tables have been
created: node, path and best_route. The server is also configured to support WML
in order to run the dynamic WAP site.

All of core functions are finished such as code to connect the presentation level with
MySQL server, connect Flash to retrieve coordinates and draw line on map.
Algorithm to find safe route is also completed and now able to show user safe way

according to their chosen criteria.
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The system can currently run on localhost and WAP emulator. Next step, author will

find the host for the website and WAP to test the system.

PC version

Input field
Input field is designed to allow user to choose the origin “From”, the destination

“To” along with the criteria of the route either well-lit, paved or low crime rate.

SR Automotive Center H

Figure 4.1: Input field

Data in combo boxes are not embedded directly in HTML,; instead they are retrieved from
database table “Node” (Appendix I, line 48 to 76). This makes the system more flexible and
easy to be updated. Safety criteria including well-lit, paved and low crime rate are three

checked boxes for user’s cheice.

Output
Once the user has selected his location, his destination, and safety criteria and
submitted the information using Find Path button, the information will be sent to the

server using POST method.

From line 83 to 91, appendix II is the design of safety criteria checkboxes. All the
checkboxes of safety criteria have the exact same name and each name ends in []. It
indicates that the selected values will be accessed by PHP as an array. That is,
$ POST['criteria'] will return an array consisting of all the values of the checkboxes

that were checked. If no criteria are selected, the system will print out “You selected
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no criteria”. Otherwise, all criteria chosen will be listed to remind users of their
choice.

Based on the chosen criteria, the system will retrieve the database table “Path”
accordingly to take all the paths that match user’s choice. For instance, if user selects
“well-lit” criteria, the system will retrieve all the paths in “Path” table which has
“well-lit” field (boolean type) equal to 1. A switch case was developed to solve this

retrieving task as you can see in appendix II, line 118 to 159.

To be able to display a line on the map to show the way, Flash is chosen. Coordinate
of each node (x,y) on the map is inserted into table “Node”. Flash action script does
not connect directly to MySql database, instead it uses a server side services to
connect to the database and retrieve the needed information, and then Flash reuses

these values to draw the line.
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Figure 4.2: Text output (from Block 1 to V4A-V4E with safety criteria: well-lit and
paved)
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Figure 5: Line on map (from Block 1 to V4A-V4E with safety criteria: well-lit and
paved)

If no criteria is selected, by default the system will determine the shortest route.

Figure 4.4: Text output (from Block 1 to V4A-V4E with no safety criteria selected)
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Mobile microbrowser version

Due to the characteristics of microbrowser as discussed earlier, the version of ORDS
on mobile has some changes compared to web-based version. After user’s selection,
the result displayed is not the full map with line drawn by Flash. To still successfully
guide users, the mobile version will display picture and sound of each location step

by step.
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echo "The Path iz as Follow <br/>{/fe";

gb=l1;

fnum = L;

sricring ="";

while{srow=nysqt_fetch array(4nt)){

§aglduery = "SELECT nodeID, newe, status,imglink, soundlink FROM "node’ WHERE 'nodelD” = '$splited[$b]'";
$response = wysql_wgueryl§sqiQuery);

gresults = nysyl fetch array(fresponse) ;

¢St = §results['status'];

1f( g8t === "Hain" or fat ==="Hot"}{

acho "<img src='images/" . §results['imglink'] . "'»".'<BR-'}
echo  gresulta[ 'name']. '<BR:';

geho "<a href='sound/”. gresults{'soundlink‘]. "'>3ound</==";
acho "<bra<hry”:

'

grString .= §splited[sb].";";

fhid;

O

}

Figure 4.6: Code to return image link and sound link for mobile version
Instead of returning only nodelD, name, status as in web-based version, in this
mobile version, the system returns also the link of the image and sound of the
location. First, images and sound were designed to store in database using BLOB
type; however they are memory-consuming and time-consuming during retrieval. So
images and sound finally are stored in a separated folder and only links to this folder

is stored in databse.
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Figure 4.8: Example of user’s choice (From Block 20 to Block 23 with safety criteria:
well-lit and paved)
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2 You selected the
4 following criteria;
1} well-lit, paved,
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i from Block 20 To
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] . B | Select %-Optionsj

A e

Figure 4,10: Sound of location are read when user click on Sound link
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4.1.3 Testing result

There are two kind of testing methods that were used by the author in the
development life cycle: Performance Testing (including Unit Testing and Integration

Testing) and Acceptance Testing.

Unit Testing

In the unit testing, the author has carefully checked all the functions and modules of
the system with all predefined data. Most of the functions and modules such as
Dijkstra algorithm, text output module, flash output module on website, picture and
sound on mobile are tested in isolation environment to eliminate any effect from

others componerts.
Integration Testing

After passing the Unit testing, the system was checked for its integration during the
system testing. Its mainly purpose is to make sure that all the module are workable
with each other, data can be sent and received correctly between functions. There are
some challenges during this phase as expected however, the system would pass and

work ﬂawlessly during Seminar and Engineering Design Exhibition.

User Testing

Right after the system was successfully implemented; it was put on the server for
students to test. Users are questioned about the functionality, speed, visualization and
ease of use of the system. During 2 weeks running, there was a lot of good feedback

and also recommendation, and proudly to say, all of them are positive.
One noticeable point is that there are difficulties in testing the effectiveness of the

system. The study on “safety” is currently based on only three criteria namely: well-

lit, paved and low crime rate; and in the implementation for UTP campus, author
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made quite a number of assumptions about each path. However, the idea of the
system is creative and the prototype showed a successfully well-functioned design ,
hence it has big polential to apply in real world to serve human-beings. To be
implemented in actual world, the quality of each path and its criteria (well-lit, paved,
low crime rate and more) needs to be analyzed carefully and real ficld

experimentations are required to be carried out in order to test the effectiveness.
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CHAPTER §
CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

Optimal Route Determination System is a new proposed system which can detect
safest routes for pedestrians. The system is available on both website and handheld
devices for the convenience of users. Prototype of this system is designed for UTP

campus and it has received much concern and encouragement from users.

The system is successfully developed within the cost and time frame. It can provide
all the needed functions and operate smoothly, The system also meets the entire
objectives that were stated from the beginning of the report which are:

e To research and develop algorithm and data structure to determine the

safest route to the desired destination

o To deploy the system on mobile technology tools
The system still has limitation in showing the effectiveness of safety. To be able to
successfully implement the system in actual world, real field experimentations are
recommended to be performed. Needless to say, the system is a good design and with
the ability to guide users with safety criteria in an interactive way, it not only passed
all requirements for a final year project but also has big potential to be implemented

and commercialized.

5.2 RECOMMENDATION
During the system development process, there are several ideas that were generated

but could not be implemented due to the time constraint. However, it will make the

system better with some enhancements:
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Using GIS database to store map information: by doing this, the map can
display many layers and will be able to show users more useful information
such as terrain of the location

Possibility to use Global Positioning System (GPS): it is current emerging
technology which can let the system provide real-time result to users such as

automatically detect user’s current location.
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CHAPTER 7
APPENDIX 1

OPTIMAL ROUTE DETERMINATION SYSTEM QUESTIONNAIRE

Optimal Route Determination System is a system that can detect shortest and safest
paths for users. Prototype will be built for UTP campus. This project is done in
conjunction with Final Year Project. Please take a moment to fill in the
questionnaire. Thank you for your cooperation!
SECTION A: GENERAL
1. Which year are you in?
[ 11%year [ 12™year [ ]13%year [ 14™year [ ]Other
2. Do you find yourself easily get lost when you are in a new place?
[ ]1Yes [ 1No

3. Do you have the habit of bringing a paper map along with you when you

travel?
[ ]Yes [ 1No
4. Do you own a Global Positioning System (GPS) device?
[ ]1Yes [ 1No
5. Have you ever tried Digital Map?
[ 1Yes [ 1No

SECTION B: ROUTE DETERMINATION
1. Most often, how do you travel inside the campus?
[ }Onfoot [ ]By bike [ 1By motorbike [ 1By
car

2. Have you ever got confused about which way to take when you travel inside

UTP campus?

[ ]Yes [ 1No
3. How do you define a safe route?

[ ]Has light

[ ] Has people walking up and down
[ ] Others (Please specify)
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.............................................................................................

4. Do you want a digital map that can detect shortest and safest route guiding

5.

6.

you to travel in unfamiliar place?

[ ]Yes [ INo

Do you think such system is applicable in UTP for visitors, new comers and
other UTPians?

[ 1Yes [ 1No
It’s convenient if the system is available on...
{ ] Website [ ]Handheld device [ 1Both

SECTION C: RECOMMENDATION

Please tell us what you expect if there is an optimal route determination system

implemented in UTP.

........

........

........

..............................................................................................

..............................................................................................

..............................................................................................

----------------------------------------------------------------------------------------------
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APPENDIX 11
DESIGN CODE FOR INPUT FIELDS

<td align="left">

<zglect name="from">

< ?PHP

reouire_once('clags.php');

f wysgl connect(”localhost”, "root”, "mysql”™); /7 Compection no i
nysgl_select db("fyp”): 7/ oel i

§3qlQuery = "SELECT * FROM ‘"node’ Where “status’='Main' order by ‘name’'™;

¢response = my=sql queryiéésglluery)

SooBp=FALSE ;

while (4results
{

”

n 0 databass

“Loh_array [fresoonsed ;

= mysgl_fetch arrayi{éresponse))
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<?php } >
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<?PHY
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APPENDIX III
DIJKSTRA ALGORITHM

class Dijkstra {

var §fvigited = array():

var §distance = arrayl):

var gprevious¥ode = array();
var gstartnede =null:

war $map = arrayi{):

wvar ginfiniteDigtance = 07
var fmumber0fNodes = 0;

var ¢hestPath = 0;

var fmatrixwidth = CO:

furction Dijkatrais§ourMap, finfiniteDistance} {
t¢this -> infiniteDistance = finfiniteDistance:
sthiz -> map = &fouzMap;
$thiz -» nunber0fNodes = count!§ourMap);
§this ->» bestPath = 0

}

function findShortestPath(g§start,$to) {
¢this -» startnode = £3tarc;
for (§i=0:§i<fthis -> npumberdflodes:fit+) {
if (§i == §this -> gtarthode) {
gthis ~>» wigited[§1i] = true;
gthis -> distance[$i] = 0;
) else {
$thig -> visited[§i] = False:
sthig > distancefgi] = isset{fthiz -> mep[{this -> startnode]{§i])
2> $this > mapifthis -> scartnode][fi]
: ¢this -> infiniteDistance:
}
s$this -» previousNode[§1] = $this -> startneode:

smaxTries = $this -> numberOf¥odes:
ttries = 07
while [in_arrey(false,sthis -> wigited,true) &6 §tries <= swanTries) {
jthis ~» bestPath = $this->findBegtPathi{fthis->distance, array keys{fthis -> wigived, false)):
if {gto '== mgll s¢ §this -> hestPath === gtao) { :
break;
}
sthis -> updateDistancedndPrevious($this -> hestPath);
sthis -> wisited[¢this -> begtPath] = true;
ftriest;

}

function findRestPath(fourlistance, fourNodesLeft} {
¢bestPath = $this -> infinitebistance;
¢hestiioge = D;
for (4i = 0,¢g=count(jourlodesLeft); §1i < ém; Fi++)
if{¢ourDistance[ §ourNodeslefr[§1i]] < §bestPath)
ghestPath = sourDistance[$ocrNodesLeft[41]]2
¢begtNode = §ourNodesLeft[§i]:

¥
}

return gbestHode;

}

function updatePistanceAndPrevious(sobp) {
For (§i=0;fi<ithis -> nunberOfNodes;§iH) {
if( {isgecisthisz->map[éobp][$il))
s4 {!(sthis-rmap[fobpl[6i] == $this->infiniteDistence) || ({thia->nap[§obp]{gi] == 0 )
s& l(5this->distance{§obp] + ¢cthis—>map[$obp][$i]) < sthis -> distancel§il)

§thia -» distence[$i] = §this -» distence[§obp] + #this -> map[sebpl[§i];
4this -> previousBode[§i] = %ohp;
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function printHap{ssmap) (
splaceholder = ' %' . strlen(fthis -> infiniteDistance) .'d':
gfoo = '';:
£or ($1=0,$in=count (§map) ;§i<éim;§i++) {
for ($k=0,4m=¢im;ck<gm; 6] {
¢foo.= sprintf(¢éplaceholder, isset(smap[#i][§k]) ? smap[5ili¢k] : $this > infinitebistance):
}
§foo.= "in";
}

return §fool

function getResults($to) {
global $from;
jourShortestPath = array():

§foo = '}
for (i = 0; §i < sthis ~> numberDfNodes; §ii) ¢

gourShortestPath{§i] = arrav(;j;

gendNode = null;
s$currNode = §i;

sourShortestPath[£i][] = #i;
gourShortestPathNamef¢ij[] = '';

while (fendifloge === rull || ¢endNede != §this -> startnode] {
gourShortestPath[§i]j[] = &#thi® -> previousNode[$currNode];

sendliode = gchis -> previousKode[fcurrNode]:
grurrNode = §this -> previousHode[$cucrNode]:
}

gourShortestPath[§i] = array reverSe(§ourShortestPath[il);

if (§to == null || ¢$%o == §i} {
if{¢this ~>» distance[fi] »>= $this -> infiniteDistance) {
§$foc .= sprintf(“no route from %d to 3d. wn",§this -»> startnode,§i);

s2owalnz of Tnicial jTede

§sqlQue = T"SELECT * FROM ‘node* WHERE ‘nodelDd” = '¢from'™;
fresponse = RYsgl_tuery(¢sqlQuery)’

gresultd = nysql _fetch _array(fresponse):

sBane = ¢resulcs['name']:

R (e

= DL TOow

$Query = "SELECT * FROM 'nede’ UHERE ‘nodelIl” = 'sto'”:
§resp = nysql _gquery(sduery) ;

jresult = mysql fetch array(fresp)s

fname = &resulc['name']:

sy Exen the uslng comma

$my {imnplode(',' ¢ourShortestPath[$i]}]:

Sidplicing = of the array ingo individosl valuez
gspliced =split("”,” fuy);

printf('<span class="stylet">The total distance from </sparc-<Cspan class="style2"> %s </3pans:
4Neme, ¢name, sthis -> distance[$i],
s$this -» discancef§i]/66.67);

1L individ

3 1y une goLipt ©o opn
fg=""';
while(list{skey, fval)=pack(ssplited)){

if($val<>” " and strlen(4val) > 0){
§q .= " ‘nodeID" = ‘gwal' or ":

}
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sy=substr ($q,0, (strkenidq)-3) )
AFoThis uill remave the 13T on CLon The STIInd,
squery="3elett * from node where 5q";
echo "<br<hr>":
snt=aysgl queryi§query);
$rows = mysql_pum_rows(¢nt) ;
echp mysql_exror(};
echo '<hf class="stylel™ >The Path is as Follow</ho>':
$b=0:
fmum = L;
friering ="";
ohile{frow=nysql fetch array(snt)){
$3qlQuery = "SELECT nodeID, neme, status FROM ‘node” WHERE ‘nodelD” = '4splited[¢bJ'":
4responde = mysql_guery{§sglQuery):
$results = ny3ql_fetch_srray(éresponse) ;
s$at = §resulte['status’'];
if[ &st === "Nain" or §s3t ==="Not"){(
echo "'<IRg Arc=images/6pnubullt.glf width=14 height=14»<span claas=text-grey-bold>'. §reaulrs|'name'], '</sparc<BR>';
}
frstring .= ¢splited{$b].”;";
310 H
caumtt;
}

}

§fop .= "\n";
if (§to === §i) {

break;
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APPENDIX 1V

GANTT CHART
: : o | - 2009 | - Aug 2008 - Sep 200§ - Oct 2008 Nov 2009

iD Task Name Start Finish Duration . - — -
1 gL TR2E | &2 ) &%) 816 | 823 8/30 9/6 | §/13 | 820} 9/27 | 104 | 10/11] 107181 10/25) 11/

1 | Sound and image feature 71202009 | 8/28/2000 30¢ [ :

2 | submission of_pr_ogrés_s report | "%129]_2909 ) ' 7!29'12'009: 1d B | o -

3 | WML and mobile implementation. | _5{31/20(;9'_‘_-_'_ . 10912009 " 30d _

4 | Submission of progress report 1l ' "_9/@/2(_):09 ‘ : _919_[2009 Md N
.5 | Pre-EDX . _ |- er30/2000  9/30/2009 - 1d -

6 | Submissian of dissertation (soft bound) 10/7/2009 . 10/7/2009 .- 1d |

7 | Testing and evaluating 1011212009 - 10/30/2009 150 . Y

8 | EDX 1011212009 1011412009 B B

9 |Oral presentation 102172008 | 10/21/2008 1d 1

10 bgsrﬂ;;suon of dissertation (hard- 111112000 11 1-,20-09 1d 7
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