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ABSTRACT

Finding different possible ways in Public Bus Transportation System are
essential for users. Most systems implement to search one shortest route for advising
the user. Sometimes, the shortest route is not the best for users because they want to
choose the desired route depend on the current condition. Transportation is a main
sector for a country. The people in Yangon mainly rely on bus, taxi and private cars.
Travelling in train is not popular in Yangon Region because it cannot reach to any place
within the Yangon area. The system develops for two networks: Road network and
Public bus network. Road network is developed for Yangon downtown area and Bus
network is applied for Public transportation system. In Yangon downtown network,
junction points of the road are assigned as nodes. Latha, Lanmadaw, Pabeldan,
Kyauktada, Pazundaung and Botahtaung townships are contained Yangon downtown
among of the 33 townships in Yangon. Simulated graph for Yangon downtown network
is implemented using Java 2 Standard Edition (J2SE) technology. When the user enters
start and destination points, two shortest results are described on the graph. For public
bus transportation network, there are 33 townships coverage in Yangon and it contains
about 2000 bus stops and many connections over 84 bus lines type and these are stored
in oracle database. Keyword search technique can be used for inserting start bus stop
and end bus stop. In addition, two Languages: Myanmar and English can be used for
optimal routes finding. Client Server architecture is used for public transportation
network. Java 2 Enterprise Edition (J2EE) Tomcat server and Android studio is used
for implementing the public bus system. When the user enters start and end points, the
system checks these points and then it searches the shortest and possible routes using
proposed heuristic based search named Combine Forward and Backward Heuristic
Search (CFBHS) algorithm. Each Route can be viewed on Google Map using Google
Map Application Interface (API). Furthermore, the system also supports the bus
numbers for each route. For unfamiliar users about Yangon Region, the system uses
location-based alarm technique to get the alarm message when the destination is
reached. According to the experimental results, proposed CFBHS algorithm is faster
than Bi-directional Dijkstra and Popular heuristic search algorithm A*. Moreover, the
proposed algorithm can produce not only the shortest but also the possible paths while

A* can give one shortest result.
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CHAPTER 1
INTRODUCTION

Networks have always been essential in transport geography and
telecommunication. They contain as an important sector for all businesses today
because of giving the fast service for work done. Network analysis studies the nature
of the nodes and their relationships between them. Graph theory is a fundamental
approach to solve the problems in transportation networks. Transportation network is
constructing the spatial data as the mathematical graph. Google earth, Arc
Geographical Information System (ArcGIS) and Quantum Geographical Information
System (QGIS) are popular geographical tools to collect the spatial data and spatial
data analysis. Depending on the size and nature of the graph, different short finding

algorithms are used in transportation networks.

Some graph networks are very complex and these are difficult to find the
shortest path. The processing time is a considerable factor for short finding
mechanisms. Classical short finding algorithms such as Dijkstra are matured algorithms
for small area networks. Matured Classical Short Finding Algorithms are combined
with various data structures to get the optimal path within the short time. Some
algorithms search the shortest paths by working in two directions, forward and
backward. For Large networks especially geospatial networks, heuristic search
techniques are popular methods. This does not need to calculate the distance values of
all nodes in the whole graph. Moreover, dividing the large tree into small subtrees
reduce the processing time by working each subtree separately to find the optimal path.
For these reasons, finding the shortest path is still occurring as an issue for the complex

networks until now.

There are different transportation types such as bus, car, train, ship and airplane.
Among them, people in Yangon, Myanmar, uses private car and public bus
transportation as the main transportation types. Yangon is the largest city in Myanmar
and also the economic center of country and it owns a lot of popular places that are
worth to visit. However, it is composed of many roads and streets. The system provides
not only the shortest route but also the possible route for networks using efficient
heuristic based technique. The proposed technique is tested using two datasets: Yangon

downtown network for undirected graph and Public bus network for directed graph.



1.1 Transportation Network

Transportation network is a network that composed of spatial data. It is also
called spatial network, this is applied for vehicle movements about communication that
travels from one place to another. A transport network describes as a permanent track
such as roads, rails and canals or scheduled services such as public transit bus, train and
airline. Two types of transportation services exit in this transportation network. These
are tangible network (example roads and rails) and non-tangible networks (example air
and sea corridors). Transport network is the opposite of non-spatial networks such as
social networks, corporate organizational network and other systems such as biological
systems, electronic online management systems, these are especially managed by using
the other constrained factors. Transportation networks can be constructed by linking
the points to move between different places. Some researchers transform these
networks into graph structured or tree structured networks to be easy for finding the
optimal path between two places of the network. Transportation network terms to the
architecture of routes within the locations described as nodes. A route is a connection

using a link between two nodes which contain as a part of the network.

1.2 Public Bus Transportation

Public transportation systems belong as an important role in all sections such
as communities, education and businesses. Moreover, constructing the public
transportation with low cost to travel from one place to another makes to be easy the
life of people. There are many transportation systems such as bus, train and private cars
within the local region of a country. Among the transportation systems in Myanmar,
public bus transportation system is more important than the other transportations. Most
of the people rely on the public bus transportation as the main one for travelling within
the Yangon Region. Myanmar is composed of Seven States and Seven Regions. Among
them, Yangon is the commercial city after the capital city of Myanmar, Nay Pyi Taw
and so it is the most popular transportation city in Myanmar. The system develops

android mobile application for public bus network using client server architecture.

1.3 Finding the Possible Transit Routes for Public Bus Transportation System

Public bus network is very complicated because it needs to consider from two

starting points if the keyword search is used at finding the shortest route whether the

2



user needs to ride the bus from current location or opposite location. Therefore, it is not
easy to find the shortest route for using the multiple source and destination by using
current popular shortest path algorithms. Among the algorithms, most find all nodes
and traverse all edges to reach the destination. Therefore, when the dataset is very large,
most short finding algorithms must wait long time to get the shortest results. Moreover,
the geographical system of the earth occurs varies with the time because of the natural
disaster. For these reasons, short finding problems are still occurring as an important

issue until now.

This proposed system considers applying the heuristic based technique that the
execution time is less at finding the shortest route and it does not need to traverse all
nodes in graph. This technique considers depend only on the neighbor nodes of current
going node to reach the destination. Public bus transportation system provides not only
finding the shortest routes but also suggesting the suitable bus numbers for passengers.
It is implemented on the mobile device for the passengers to use easily. JSON is used
to store the data for supporting the keyword search on the mobile device for reducing
the data storage size. Both Myanmar and English Languages can be used for searching
the route. Android is used for the client side and J2EE Servlet is applied as the tomcat

Server.

1.4 Motivation of Thesis

Some people want to know more than one route while they travel from one to
another place. When they get all routes information for their travel, they can choose the
most suitable route for their current condition. For example, although the route is the
second shortest, when they want to pick up some people on this way while they
travelling, this route is the best for them in current condition. Moreover, some
destination can be reached by taking only one bus, but take a long time. Users can go
other alternative bus numbers to be faster. For this reason, the system proposes a
heuristic based technique that can search different possible routes simultaneously.

Especially, the system develops this technique for public bus transportation network.

The people living in urban area use public bus for shorter route. Public bus
services provide buses for passengers to carry them when they travel to their desired

places. Trains cannot support to reach many places for passengers in Myanmar. The



people mainly rely only on the public bus system for their transportation. In 2017, the
government changed the public bus services by modifying the bus network with bus
lines. They reduced the number of bus lines from over three hundred to over ninety bus
lines. Each line is classified by color coded depending on location served. The people
are very difficult to know about the information of public bus services in Yangon.
Moreover, some routes for passengers cannot reach directly and they must take the

transit routes.

This thesis provides not only two shortest routes between the locations such as
start point and end point but also the bus information that include transit routes. The
next point is that some people are difficult to use English language. For these people,
especially intend for providing the Myanmar Language to be easy when they find the
routes. Although the citizens that live in Myanmar can use easily it, foreigners are not
familiar to use it. For this problem, the system provides two languages when the
passengers find the shortest routes. Another problem is a situation that does not know
whether the destination is reached. For this issue, the system will provide an alert
system when the destination is nearer for the passengers. For each route, the system

will advise the suitable buses with showing the distance.

1.5 Objectives of the Thesis

The public bus transportation system is developed on mobile device for Yangon
Region. The major objectives of this thesis are as seven objectives. The first objective
is to find the two shortest routes for Yangon Bus system. The second objective is to
suggest the possible transit bus numbers for each route after finding the shortest routes.
The third one is to support the bus traveler by showing the optimal route in the map on

the mobile device.

The fourth objective is to assist the mobility of people by taking advantage of
the transportation infrastructure. And then, the next objective is to give the alert
messages before the destination is reached for the unfamiliar users about Yangon
Region. The sixth objective is to reduce the processing time in finding the optimal route
and geospatial information and the last one is to propose the efficient short path finding

technique that can search shortest and possible routes simultaneously.



1.6 Contributions of the Thesis

This system develops the public bus transportation services of Yangon Region.
Yangon Bus Network is composed of the nodes that contains about 2000 and many
connections between them. The information for the Yangon Bus is constructed from
Yangon Region Transport Authority (YRTA) and it operated for new bus service. Some
data of Yangon bus network is constructed by collecting data using GARMIN-EXTRA-
10 device and Google Earth. Popular Classical shortest path algorithm such as Dijkstra
cannot find the shortest path in short time when the network is big. Although heuristic
search A* algorithm can find the shortest path with the suitable time, it still considers
and expands unnecessary while the next node is going to reach the target node. For
these problems, the thesis proposes a new algorithm based on heuristic search called
Combined Forward and Backward Heuristic Search (CFBHS). This algorithm can find
the optimal shortest paths simultaneously during the short time by removing the
unnecessary nodes. The next step is finding the possible transit routes and buses using
proposed transit method for the routes that emerging from CFBHS algorithm. This
thesis not only determines the two optimal paths but also presents transit bus routes

between start and destination bus stop.

1.7 Organization of the Thesis

The structure of this thesis contains six chapters forming a general introduction,
related work, theory background, implementation and conclusion. This thesis is

organized as follows:

Chapter 1 describes the different types of networks and introduces the public
bus transportation network for Yangon Region and abstract of the system, objectives,

motivation, problems and contributions.

Chapter 2 depicts about the literature reviews and theories that have been
implemented in Geographical Information System and public transportation network.
This chapter also describes some algorithms and methods applied in short path finding

for networks.

Chapter 3 is the discussion about some popular short path finding algorithms
among of the algorithms and defined problems about these mature and widespread

algorithms.



Chapter 4 proposes a short path finding algorithm and describes in detail about
processing of this algorithm and also describes the working of transit methods after
finding the routes in public bus network.

Chapter 5 describes the experimental results using empirical and statistical
approaches for Yangon Downtown Network by comparing other popular short finding
algorithms. This chapter also illustrates the proposed algorithm for Yangon Bus
Network.

Chapter 6 concludes the summary of thesis and describes limitation and further

extension in the future.



CHAPTER 2
LITERATURE REVIEW AND RELATED WORK

Geographical information system (GIS) is a computer system to capture, store
and apply the information that includes location on Earth’s surface. The location data
may be described as address, zip code, spatial data such as latitude and longitude. GIS
can support each person and organizations to have the better lives using spatial
information. This provides geographical information by analyzing and queries spatial
data using GIS tools such as Quantum GIS (QGIS). V. Bhanumurthy [10] applied
geographic information system for emergency management analyzing the routes.
Geospatial services can be used for addressing emergency problems. Remote sensing
such as geospatial technologies and geographical information can be used combined to
get valuable real time information when the comprehensive platform is provided for
emergency situation. GIS can also provide another service for finding shortest route at
disaster situation. E. Lepuschitz [35] renders data set on Google Map by applying the
GIS software for disaster management and mitigation. Geographical data such as routes
and locations can be analyzed and provided for describing on the map using software
tools such as Google Earth and QGIS. Unrelated information can also be stored together
spatial data using key index for processing and sharing the completed geospatial
information. Data visualization is presented in maps to range sophisticated charts and

graphs in remote sensing and GIS.

GIS can be applied to compare and contrast different types of information such
as income, population and education level. Moreover, the information about landscape
such as vegetation and soils for agriculture and flood detection can be captured in GIS.
It is related many applications such as planting, weather detection, disaster
management, roads, electric power lines, manipulating and analyzing the data that
concerned with locations. Short route finding and traffic congestion in Transportation
systems frequently used GIS technology. These routes can be presented on map using
GIS featured maps such as Vector Map, Raster Map and Google Map in web
applications. Google Map services are used not only for the enterprise systems such as
Java 2 Enterprise(J2EE) web server, Active Server Pages (ASP.net) but also for mobile
applications based on Android Operating System, Windows Mobile System for GSM
and iOS.



2.1 Popular Environments Based on GIS Technology

Today, many countries all over the world try to develop into the smart city for
many areas such as education, emergency systems, hospital systems, e-government
systems, weather forecasting system, security management systems, route planning
systems and disaster management systems. Many application areas relate to use
geographic information. Today, the population on earth is more and more increased.
And there is also increase a significant about the patients’ number for the emergency
cases. For increasing the number of patients, sending an ambulance from hospital is
not easy. In the serious case, the patient may die at sometimes if the ambulance does
not reach in time. S. Sarkar [49] proposes a GPS tracker system that manages about the
ambulance of the hospitals. This system can track the ambulances’ locations and if it
receives a call for serious case, it checks the ambulance that exists the nearest location.
Then, it sends a message to the ambulance to go the patient. The system can help the
patients to reach early to the hospitals using GIS technology. R. J. Jyothi [31] proposed
a traffic control system to avoid the delay because of traffic congestion when they send

an ambulance to the patient.

Some environments use GIS to analyze the regions that occur the crime. The
place that emerges the incidents marks using the spatial point. The number of incidents
may differ for different locations. A. G. Akpan [3] used GIS and crime mapping to be
feasible for police departments. P. Mubi [40] adopted Inverse Distance Weighted and
Getis-Ord GI* methods and geographic tools such as Google Earth, ArcGIS 10.3,
Global Mapper 18.1 and Surfer 14 software in identifying the hotspots for crime

incidence such as Child Abuse, Robbery, Homicide, Murder and House Break.

Natural disasters occur heavily in many places all over the world because of the
changes of weather condition and surface of earth. Many researchers solve disaster
problems until now using GIS technology and Remote Sensing. Flood affects many
places of the world and they consider it as a major disaster. M. Arseni [5] tried to
emerge a flood hazard map from Landsat five’s satellite image data and depicted the
land cover types using innovative Semi-automated Classification Processing tool. This
research described a speedy and prohibitive method to monitor the flood emergency

management plan about the downstream of Prut River Romania.



The advanced system of Geospatial Information System (GIS) is WebGIS that
can use for the web platform. GIS Server and client works together to share information
between them. WebGIS provides a platform to implement Client Server web
application for both mobile application and desktop application. WebGIS helps
businesses and organizations to manage all their geographic data. WebGIS is a free
open source web GIS system and it contains Geo-server referred web GIS server and
PostGIS/PostgreSQL. It has many advantages to do dissemination, distribution, and
managing about spatial information for implementing time and cost-effective system
over the internet. A. Bhandari [9] generated and mapped the wasteland information
system in GIS environment using GIS technology and Remote sensing techniques.

GIS technology can be used in the location-based systems, traffic systems and
shortest path finding in the Transportation system. P. Jaramillo-Alvarez [28] proposed
a transportation model based on operations research techniques. This paper designed
and modeled for the development of public transportation plan and its stages. This also
developed to minimize transfer costs and time. A* Algorithm is used as the popular
heuristic search algorithm for finding the shortest path in different areas such as road
networks and nearby search location [50][52]. E. Dere [16] used the A-Star algorithm
for finding the shortest part between start and end point on the Google Map that
segmented as grid-cells. To specify the grid for active paths on Google Maps, this paper
used the Algorithm Map. Moreover, traffic intensity about the different roads was

constructed on the Google Maps.

2.2 Spatial Data and Coordinate System

Spatial Data is related about the geographical information on the earth.
Different places on the geographical area can be viewed on the map using spatial data.
Different tools can be used to get the spatial data about the required places of the earth.
Google Earth is a popular tool to analyze and retrieve the geospatial data. Spatial Data
can be marked on the surface of the google earth and can be detected whether these
spatial data are correct with the real time data. The required portion of the geographical
region can be extracted and transformed as the raster map and vector map using

geographical information system’s software such as Quantum GIS and ArcGIS. These



tools can be used to study the data structure on the map about the earth. Spatial data
can be viewed in different shapes such as circles, rectangles, lines and polygons.

Coordinate systems provide geographical data about the locations. It can also
represent the locations as geographic features and imagery. Implied with any
geographic data is a spatial reference system. The spatial features within geographic
reference system are mapped to an earth-based reference system. The center of this area
is on earth reference systems which can be created on a Geographic Coordinate System

(GCS) or Map Coordinate System and a Project Coordinate System (PCS).

2.2.1 Geographic Coordinate Systems

The places on the curved surface of the earth can be identified as coordinates in
geographic coordinate system. This is measuring in angular units from the center of the
earth relative to two planes by the equator and by the prime meridian. A position of a
place is therefore defined by two values: latitude and longitude. Figure 2.1 describes
latitudinal lines and longitudinal lines on the earth’s surface. The equator describes in
0° degree reference lines on the left and prime meridian for longitudinal measurements.

A GCS is specified by a sphere, ellipsoid, geoid and datum.
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Figure 2. 1 Examples of Latitudinal Lines on the Left and Examples of

Longitudinal Lines on the Right
(1) Geodetic Latitude

Latitude of a point can express the angle between equator and a line fleeting
over the point perpendicular on earth’s surface. Latitude can also refer to the geodetic
latitude. Latitudes are specified with north (N) and south (S) of the equator for
locations. Positive values for northern hemisphere and negative values for southern

hemisphere are used in latitude angles. And North Pole and South Pole of latitude value
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is 90°N and -90° or 90°S. For example, north latitude 40° means angle of 40° between
a line that connects the center of earth and plane of equator. All points having the same
latitudinal angle connect as a line on the map is assigned latitudinal line. Figure 2.2

describes lines of latitudes have Y-values that are between -90° and +90° degrees.

North Pole
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Figure 2. 2 Latitude Coordinate

(2) Geodetic Longitude

The longitudinal point on earth’s surface is the angular distance west or east
from prime meridian assigned as a reference line occurring from North Pole to South
Pole. An arc on the map expressing from north to south joining North Pole to South
Pole and over the points with same longitudinal angel is expressed a longitudinal line.
Imaginary grid that covers the sphere is formed from lines of latitude and longitude.
Geographic coordinates of a point for a location on the earth’s surface are comprised
by combination of latitude and longitude angles. Figure 2.3 describes lines of longitude

which have X-coordinates between -180°and +180° degrees.

West 20W —————Sse=— "O°E. East

Figure 2. 3 Longitude Coordinate
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(3) Geographic Coordinate’s Formats

Degrees of latitude and longitude values are subdivided into smaller sectors.
Each degree ( © ) can be divided into sixty minutes of arc ('), and each minute can also
be divided into sixty seconds of arc ( ” ). A latitude or longitude coordinate may be
written in one of three formats. Degrees, minutes and seconds (ddd® mm’ ss.s”) can be
used to describe the times. The range of degree for latitude is from 0° to 90° and 0 to -
90° and longitude is from 0° to 180° and 0 to -180°. 1° is equal to 60’, it can carry over
and add 1 degree to the part of degree in its place. Similarly, in 60 seconds, in its case
it can carry over and add 1’ to the minute part instead. Minutes and seconds can always
be assigned less than 60. For example, it can be described as 45° 36’ 23" N 122° 46’
18.4" W. Degree values of latitude and longitude can be denoted as decimal numbers.
Positive latitude is assigned in north and negative longitude is west. For example,
46.3678° is north latitude and -122.28453° is negative longitude. The formats of
latitude and longitude can be converted defined by the following:

(1 Converting from minutes to degrees : degrees= minutes/60
(i)  Converting from degrees to minutes : minutes=degrees x 60
(i) Converting seconds to degrees : degrees=seconds /3600
(iv)  Converting seconds to minutes : minutes=seconds / 60
(V) Converting minutes to seconds : seconds=minutes x 60

(1) Sphere and Ellipsoid

The earth can be assumed as a sphere for small scale maps to simplify the
mathematical calculations. An ellipsoid of earth describes more accurate
measurements. An ellipsoid works well when large-scale map is used. An ellipsoid is
assigned using semi-major axis or semi-minor axis. Figure 2.4 describes the

designation of Semi-minor axis and Semi-major axis of ellipsoid.

Semi-minor

Semi-major

Figure 2. 4 Semi-minor Axis and Semi-major Axis
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(2) Geoid

The earth’s true shape, the geoid is represented as a mathematical model for a
GIS environment. The earth’s shape is not a smooth surface and it results undulations
from changes by a crossing the surface in gravitational pull. It can influence locational
measurements. The visualization of earth’s gravitational potential can be focused by
envisaging its surface entirely immersed in water and quantifying the distance from the
center of earth to the water surface above the entire earth surface. The earth’s geoid

with gravitational field can be viewed in rainbow colors in the following Figure 2.5.

Earth's Gravity Field Anomalies {milligals)

-50 -40 <30 -20 <10 @ 10 20 30 40 S0

Figure 2. 5 Earth’s Geoid with Gravitational Field in Rainbow Colors
(3) Datum

Working with a mathematical model about the earth’s shape represents to align
the geoid with the sphere or ellipsoid depiction and to record the features of earth’s
surface onto the sphere. This align process can be resident where the ellipsoid surface
is thoroughly fit to the geoid at a point on the surface of earth. Choosing the best one

when alignment is made about the ellipsoid to the geoid describes a datum.
(4) Constructing the Geographic Coordinate System

Ellipsoid model is used to define the Geographic Coordinate System (GCS) and
it is aligned with the geoid. Moreover, to define the association which GCS is suitable
for map document reference system. Overlapping layers can be constructed with
different datum and this can produce different coordinate values. Locations with

different coordinate values depend on the GCS are described in below.

0] A location about NAD 1927 GCS with a coordinate values of 44.56698°
north and 69.65939° west
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(i) Alocation about NAD83 GCS with a coordinate values of 44.56704° north
and 69.65888° west

(iii) A location about WGS84 GCS with a coordinate value of 44.37465° north
and -69.65888° west

If the suitable coordinate system cannot be chosen to define the points, then
these coordinate values can be erroneous on a map. Defining temperature depends on
different measuring units such as Fahrenheit, degrees Celsius and Kelvin can also
produce a different numerical result for mapping on the earth’s surface. Figure 2.6
describes two different coordinate systems GCS NAD 1983 on the left and GCS NAD
1927 on the right.

-69.6622°

-69.6626°

-69.6621° -69.6620

44,5640
44.5639°

44.5639 ‘-44.5639

44,5638 ’ 44,5638°

-69.6627° -69.6626° -69.6625

-69.6622 -69.6621 -69.6620

Figure 2. 6 Two Different Geographic Coordinate System

2.3 Global Positioning System

Global positioning system (GPS) is well known as the satellite-based navigation
system that built by the U.S. Department of Defense (NAVSTAR) and it is composed
of 24 satellites and it works using algorithms and receiver to provide place, speed and
time management for sea, air and land travel. And it also contains six earth-centered
orbital planes (ECOP) that composed of four satellites for ECOP in the satellite system.
The Soviet Union constructed Sputnik | satellite in 1957 for creating more powerful
geo-location technology. The U.S. Navy started tracking submarines using satellite
navigation which run about the TRANSIT system. GPS based application can be used
for getting the more reliable system about the location not only the window operating
system but also the mobile operating system starting around the year of 2000.

Especially, GPS is used to determine a position, to get the navigation when from one
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place to another is travelled, to monitor object motion or personal movement, to
construct the geographical maps on the earth and to get the specific time measurement
of the globe. Figure 2.7 shows the orbit of GPS.

f—

Figure 2. 7 Global Positioning System with Orbit on the Globe

Some research papers solve the weakness of the existing system implementing
the automatic detection systems getting data from sensors provided in the vehicle. GPS
and GSM module from Global Positioning System (GPS) in the vehicle can send the
place that accident occurs automatically to the server. B.V. Sowmya Shree [55]
implemented the automatic assigning ambulance from hospitals using GPS and GSM
technology. Moreover, this paper controls traffic light signals to minimize the time
along the path when the ambulance carries the patients to the hospital using Radio
Frequency (RF) communication. GPS can be used in different applications not only the
land but also the sea and in the air. However, to receive the signals from GPS are
difficult in the deep forest, caves and under the water. Navigation Systems and the
systems that need to use remote sensing technology also apply the GPS such as car
navigation system, shortest path finding on the road, commercial fishermen and
mariners. More modern systems can view the user’s position on a Google map and call
a drive and he can track the user’s path and the system provides the optimal route on a
map to go the user’s location. To collect the spatial data that provides from Global
Positioning System, GPS devices can be used. In addition, GPS tracking devices also

provide to track the path of people, vehicles and pets using GIS technology. There are
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many GPS devices such as Kid smart Watch, Trax Play Kid, Garmin GPS Device and
Spot Gen3 Tracker. Figure 2.8 describes some GPS devices in different applications.
Figure 2.8(a) serves many functions such as phone book, voice chat, remote shutdown
and it also traces for the safety of kids. Parents can control the setting of smart watch.
Trax Play Kid’s GPS in Figure 2.8(b) can also be used for the safety of children. In
addition, GPS tracking device is widely used for tracking the roads. Garmin device in
Figure 2.8(c) is evident as a popular GPS tracking device for collecting the spatial data
(latitude and longitude) on the surface of the earth. The Spot Gen3 tracker that
described in Figure 2.8(d) is a best suitable tracker for hikers because it can resist severe

environments and still work with the same stream.

GARMIN

(c) Garmin GPS Device (d) Spot Gen3 Tracker

Figure 2. 8 Some GPS Devices in Different Applications
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2.4 Google Earth

Google Earth is a popular tool for tracking the geospatial data accessing satellite
and aerial image and it represents to a three-dimensional spherical shape as described
in Figure 2.9. Google Earth can be used for free on the web for applying the basic
geospatial features but it needs to give a cost if the user requests for more advanced
features. ESRI shape files can be created and printed clearly using Google Earth
Service. There are three versions especially in Google Earth: Free version, Pro version
and Enterprise version. For a personal use and schools for educational sites, the services
that include in free version are enough. Pro-version is used for importing the ERSI
shape files. Earth Enterprise provides the services to build custom 3D spheres and 2D
maps. Earth Enterprise does not offer a private version of Google imagery that's
currently supported in Google Maps or Earth. Each Google Earth’s versions can be
used to access and construct data in KML (Keyhole Markup Language) format. Google
Earth can also give the search abilities to pan, zoom, and rotate on the view of the globe.
It also supports the tools for creating new data, new marker and layers on Google’s
servers. Open Street Map files can also be imported to view the geospatial information
in Google Earth.
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Figure 2. 9 Google Earth
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2.4.1 Google Map and Open Street Map

Google Map is a service that produces from Google. It is launched to people in
the year of 2005. It includes many features of Application Interface (API) services such
as viewing the direction, searching the route and route traffic, giving to customize the
map titles design, setting the overlays, and using the advanced layers and so on. Google
Maps are especially used in the websites to show the locations of the customers by
using the markers to set the latitude and longitude point and the users can see the marker
on the map. Users can find their current location and pass this information to the others
and display it on the map. Travelers who use the private car and public taxi service can
choose the routes with little traffic by viewing traffic conditions on the map. In addition,
the markers can be created as the users’ desire on the map and they can also draw the
route on Google map. Users can view Google map in two different views as shown in
Figure 2.10. Map view can be applied to consider the custom routes on the Google map
clearly and spatial data analysis in geographical system as delineated in Figure 2.10 (a).
Figure 2.10 (b) can give the actual view for the people using satellite view of Google
map.
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Figure 2. 10 Two Different Views of Google Map
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Today, mobile technology is more and more developing and it is widely used
in many places because it provides ubiquitous features. Some people use mobile
technology and web service together to get many features that give from web
technology. They constructed road showing the respective route on the map because
there are many routes exits for different province. It is not easy to collect the length of
the road information manually. 1. N. Piarsa [43] conducted a land transportation
infrastructure using GPS technology and Google map service on smartphone. They
discussed a system to act the road data collection that supports the information such as
the name, length and the type of the road surface. 1. N. Piarsa described the system
overview as the following Figure 2.11. When the user requests to construct a road on
the map, he or she enters the start address and end address as the user input. Then, the
system will collect the required road data especially spatial data (latitude and longitude)
using GPS technology. After collecting the data, the system sends these data to the
server using web service. The server constructs a road and it uses the Google map
service to display this road on the map. Finally, the user sees the requested road data
input as the road map as shown in Figure 2.12.
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Figure 2. 11 System Overview of Land Transportation Infrastructure
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Figure 2. 12 Showing Road on Google Map

Open Street Map (OSM) is an editable map on the surface all over the world
with an open-content license. The spatial data and related information about the map
can be used by extracting from Open Street Map. It is also referred as the geo-database.
The required map portion can be retrieved from Open Street Map using GIS software
such as Quantum Gis (QGIS) and Aeronautical Reconnaissance Coverage Geographic
Information System (ArcGis). Figure 2.13 shows the Open Street Map for Yangon in
Myanmar using Qgis. Points, polygons, rectangles and lines can be used while the
expression of spatial data on the open street map. Red circles in Figure 2.13 represent
the bus stops in Yangon. The connection of spatial bus data can be analyzed and edited

by geospatial analysis. QGIS can be used for big data analytics.

After uploading the OSM map, QGIS tool can support to get the data by
automatically assigning the region of the map canvas. The downloaded data is
automatically saved in spatial database of QGIS. This database can be used to store not
only the geo-spatial data but also the user created attribute data. Furthermore, required
spatial data can be filtered from database using QGIS supported functions and SQL
language. These filtered set of records can be added as a layer on Google map of QGIS

and data analysis can be operated.
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Figure 2. 13 Yangon Area on Open Street Map

S. Ahmed [1] described the network analysis about road network of the Open
Street Map for Greater Cairo Area using GIS technology. This paper proposed GIS best
route algorithm by road network analysis better than the shortest path algorithm for
emergency systems that need to get the fast response time. The base map of Greater
Cario was downloaded from Open Street Map (OSM) using web service and it could
be accessed and analyzed using ArcGIS tool. The GPS signal receiving becomes
important because many applications are more increasing dependency on Ubiquitous
and mobile technology. Most route finding system uses to manage and navigate the
routes by considering the coverage of cellular network and GPS technology. T.
Hultman [27] presented threshold based modified Dijkstra’s algorithm to find the
shortest path. This paper also applied a route planner tool to search the connectivity
aware shortest paths on the crowd sourced data that downloaded from OSM. M. A.
Brovelli [11] worked on measuring the quality of OSM buildings. OpenStreetMap
(OSM) can provide a lot of geographic information for different parts of the world.
Many useful geographic datasets can be used freely without paying the costs. J. Jokar

Arsanjani [30] described different popular research about Open Street Map.
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2.4.2 Road Network

Road network can be viewed in Google earth to analyze the road network data
and to find the desired routes on the Google Map. Road network is the graph structured
network. It is composed of the edges and vertices that assign for different signatures
according to the purposes. For example, some uses the junction points as the vertices.
For public bus network, bus-stops are used as the vertices. Many bus-lines can pass for
the same bus-stop. There public bus network is more complex than the road network.

Figure 2.14 describes the bus-stops of Yangon City on the surface of the earth.
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Figure 2. 14 Bus Stops of Yangon City on Google Earth

(1) Graph Network

Graph is a network that composed of a set of vertices V and a set of edges E.
Vertex V is a set of vertices {vi,Vz, Vs, ..., va}. An edge e1 is a connection between two
vertices that contains in a set {vi, v, va, ..., vn}. A set of edges E contains {e1, ez, €3,
..., en}. There are different types of graph structure but the graph is especially
considered whether it is connected graph or not and directed graph or undirected graph.
Figure 2.15 describes the different types of mathematical graphs. Figure 2.15 (a)
mentions the connected graph and it can go any vertices from one vertex to another
within the graph. Unconnected graph cannot go to all vertices of a graph as described
in Figure 2.15 (b). Directed graph need to consider the direction while trying to go

another vertex from current vertex. In Figure 2.15 (c), vertex ‘A’ to vertex ‘C’ cannot
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go directly although the connected line exists because it does not feasible according to
direction. Undirected graph can go both directions between two vertices within the
graph as expressed in Figure 2.15 (d). For example, if an edge exits from node A to

node B, then there also exists an edge from node B to node A.

A B A B
D
C D ¢
E
F
(a) Connected Graph (b) Disconnected Graph
A
> B
A D
C D C E
(c) Directed Graph (d) Undirected Graph

Figure 2. 15 Different Types of Graph

S. Guze [25] presented theory parameters and algorithms to do analytic and find
the optimal result and minimal spanning tree in graphs for transportation system. Traffic
congestion of the city streets and roads is one of the most disputed ones in the largest
cites over the world. Many technologies become develop to solve the traffic congestion
and they try to plan transport network using GIS and Information Technology. They
devote the problems the organization of different things of transport flow of an urban

transport transit network for interconnection [15]. They proposed an approach that aims

23



for roads and streets network planning and traffic management rules using

telecommunications information technology and components of graph theory.

(2) Hypergraph Network

Hypergraph contains vertices and edges as ordinary graph. It is also a type of
graph in which an edge can join any number of vertices of a graph. These edges that
contain in hypergraph are called hyperedges. An edge or vertices may occur as a subset
of another edge in hypergraph. Therefore, hypergraph is a very complex network
because a vertex or an edge may occur repeatedly in another edge. In addition, when a
route is searched between two locations, it is not easy if the network structure is
constituted as the hypergraph. Many researchers firstly prepared the hypergraph
network into the simplex network to get the routes in the short time. Others try to
construct more powerful shortest finding algorithms rather than modifying the network
structure from hypergraph to simple graph. Figure 2.16 describes the network structure
of hypergraph that compose of the set of vertices {A, B, C, E, F} and edges {Busl,
Bus2, Bus3}. An edge Bus2 contains as a subset of the edge Busl.

Figure 2. 16 The Network Structure of Hypergraph

The hypergraph can be re-designated into simple graph structure network and
each vertex have many edges [24]. Formally, a hypergraph H is a pair H= (X, E) where
X is a set of elements called nodes or vertices, and E is a set of non-empty subsets of X
called hyperedges or edges. This thesis uses the Yangon bus network dataset that

constitutes with 84 bus lines, it contains many vertices and edges. In Figure 2.17,

24



hypergraph network is built with four bus lines, 301 vertices and many incoming edges

and outgoing edges and this graph is described using SocNetV.

Figure 2. 17 Hypergraph Bus Network

R. van Bevern [53] discussed different subdivision drawings of hypergraphs.
Formally, the standard of constructing the hypergraph does not describe in detail but it
is used in many application areas for circuit visualization, computational biology and
social networks. Figure 2.18 describes four drawings about hypergraph. Among these,
subset based and edge-based subdivisions are the most common methods to draw
hypergraph. R. van Bevern also discussed the subdivision schemes which are more
general than concrete Euler diagrams and more constrained than vertex-based Venn
diagrams. F. Feng [20] proposed a novel partial-order hypergraph to denote the partial-
order relations among vertices due to the ordering relation of data is lost if conventional

hypergraph is used.

1 1,2
q-i@‘ i i : : ELQ;)
|.' 3 3 4 4 (2,4)
5 6 . (3,4,5,6)
(a)Subset-based  (b) Edge-based (c) Zykov (d) Incidence
drawing drawing representation Representation

(bipartite graph)

Figure 2. 18 Four Drawings of the Hypergraph H= (V,E) with V = {1,2,3,4,5,6}
and E={(1,2), (1,2,3), (2,4), (3,4,5,6)}
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(a) Data (b) Simple Graph (c) Hypergraph (d) Partial-Order
Hypergraph
Figure 2. 19 The Relationship between Simple Graph, Hypergraph and Partial-
Order Hypergraph

In Figure 2.19(a), each row in data table denotes a university, city and salary. The
highest number of salary level is highest index number and the order of salary’s level
IS S1, S2, S3, S4 according to priority. Universities (uz, Uz, Uz, Us) exist in the same city c;
and it is also the connected subgraph due for this situation. Figure 2.19(b) describes a
simple graph, that connected two nearest vertices into an edge. Figure 2.19(c) depicts
the hypergraph, where each edge is constructed depend on the same city or same salary.
Because of the partial ordering method, Figure 2.19(d) considers the order between the
edges depends on salary. For example, university ‘u4’ will go to the university (ul, u2,
u3).

2.5 Partitioning Techniques

Graph network is used in many areas such as social pathological, biological and
transport networks. Most graph data contain a lot of vertices and edges and the network
structure is complex. If the resulted area requires only a portion of the graph, to analyze
the whole graph is not required as essential. Retrieving the required part from the graph,
for doing to analyze and find the shortest result is easier and it helps to increase the
speed for network analysis. H. Bast [7] describes different partitioning techniques to
get the fast response for finding the shortest path route and these partitioning algorithms

are compared for various network to decide which one is the most suitable for current
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layout. H. Bast depicts mainly popular graph’s partitioning techniques, Quadtree and
KD tree.

To apply the graph partitioning techniques, firstly the graph is constructed into
grid structure and it contains the points for this plane. Figure 2.20 (a) describes the
quadtree. Quadtrees are especially applied for computing the geographical data in
image processing and geographic information systems. After splitting the raster map
by row by row and column by column, each node can be divided exactly as four internal
nodes. The structure of internal node may be rectangle, circle or different shapes. In
quadtree, a region cannot be divided depend on the desired range because a region can
be repeatedly divided into only four equally sizes sub-regions. For this problem, KD
Tree in Figure 2.20 (b) can be used and the map can be divided depend on data. The
construction of KD Tree is nearly equal to the quadtree. It is also divided recursively
on the map into sub-maps and started by dividing two parts on it with drawings two
parallel straight lines about the vertical and horizontal axis. For example, let ‘C’ is a
country, ‘R’ is a region and ‘T’ is a town. A country contains seven regions and each
region is composed of ten towns. If KD Tree firstly will divide the map until the seven
parts are reached by start dividing from two lines. This can store the partition data
according to the desired data points or desired region and town. Figure 2.20 describes
the partitioning of Germany’s raster map by M. Rolf H using quadtree and KD Tree.
When the shortest path is searched using graph partitioning techniques, the searching
time is fast but the preprocessing time is long for training the map data to do partitioning

of map layout.

(a) Quadtree (b) KD Tree
Figure 2. 20 Graph Partitioning for Germany Map
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Quadtree and KD Tree maintains the fragment map layout into tree structure
after graph partitioning is made. However, some researchers use the map data instead
of the graph structure network into tree structure network for finding the shortest path
because of taking long time in graph partitioning technique at the preprocessing step.
Instead of drawing the grid on the map layout, the graph network is constructed into
the tree structure network. Divide and Conquer technique is used in some popular
research area at finding the shortest path during the short time. In divide and conquer,
each segment of a network is split from large network into many small sub-networks.
Then, the local optimal result is searched from each sub-network and finally all sub-
networks’ results are re-combined to get the global optimal result. A. Krause [33]
described details in bounded-treewidth graphs, how to define subclasses about it and
how to decompose the trees into subtrees. A graph network can be converted into tree
network intending to decompose and traverse it. For example, the graph that depicts in
Figure 2.21 contains the vertices {A, B, C, D}. let the start node is ‘A’ in graph, this
node will be root node in tree and the tree can be divided into three parts {AD},
{ABCD}, {ABD}.

Figure 2. 21 Directed Graph

There are three important parts in tree such as edge, path, depth and level.
Fundamentally, an edge is a connected line between two vertices, or a node and a leaf.
A path begins from a vertex and ends at another vertex. A path is a collection of
sequence of edges along the path. The height of a vertex is the number of edges on the
longest path while it is going to downward between a vertex and a leaf. The depth of a

vertex is the number of edges from this vertex to the tree's root node. The level is similar
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finding the depth of a vertex in tree but it needs to add one from the depth. R. Zhou
[61] used a proposed algorithm combining the strengths of breadth-first search.

U. Lauther [34] proposed a new algorithm to get the shortest paths with a fast
speed in graphs for road networks with nodes that use latitude and longitude data. The
method is especially focused on pre-processing step, road map is divided into small
segments as regions and it determines the region that will contain the shortest path by
calculating edge flags. Dijkstra algorithm is used to find the shortest path for network

that contains 500000 road segments.

2.6 Public Transportation System and Network Optimization

P. Jaramillo-Alvarez [28] showed the optimal public transportation routes’
findings for urban using operations research techniques. This paper examined the
development of transportation planning, its stages and models. P. Jaramillo-Alvarez
proposed optimal public bus transportation’s model that minimizes transfer than the
previous models. However, it suggested using genetic algorithms for large networks in
the future. Two types of spatial data: raster data and vector data exit in geospatial
information system (GIS). Vector data is made up of coordinates about latitude and
longitude instead of pixels that use in raster map. Mostly, vector map is used to find the
shortest route because it provides the points, lines and polygons features for map. S.
Behzadi [8] used the genetic algorithm to find the optimal route on the urban map with
raster data. It is more feasible than using the other algorithms to find the route on raster
map. In it, color attributes are used as the parameters for genetic algorithm and each
road is depicted by a specific color. A. Jeyaraj [29] analyzed the geographical network
in searching the optimal route, finding the nearest place and providing the service area.
Searching optimal route and nearby places is a popular service in geospatial
information system (GIS). This paper proposed a method based on genetic algorithm
to satisfy the optimized route in global sampling. It did not use the genetic algorithm
individually due to the low rate in optimal route searching time. It compared the results
of three short finding algorithms with and without genetic algorithm. According to
results, A* based on genetic algorithm get better performance in searching time than
the other optimal route-finding algorithms. Some research used forward changing and
backward changing approach to reach the target of an application or to find the route in

geospatial information system. Forward changing is finding the result or route from
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facts. Backward changing tries to get the route by tracing the goal node until the start
node is reached. A. Al-Ajlan [4] compared useful area and algorithms that relate the
basic idea of forward changing and backward changing strategies and he also described
the Breadth First search, Depth First search, Best-First Search, Uniform Cost Search,
Hill Climbing Search and A*. Breadth First Search is firstly expanding the same level
and then it searches whether the goal node contains in this level. If it does not see the
goal node in current level, it will go to next level. Although the breadth search can
occur least depth cost, it will be many path costs when the tree is huge. Uniform cost
search is similar to the working of breadth-first search but it less the path expand cost
because it stops expanding the nodes of current level when the target node is found.
Hill Climbing Search is a kind of DFS and always moves towards the goal. Hill
Climbing Search is similar to the depth-first search but it has constraints when the end
node is reached, it cannot go back to backward traversing. A* algorithm uses the two
concepts of both breadth first search and depth first search.

Nowadays, population is more and more increasing and the transport network
is more complicated and larger than the previous time. Therefore, many people are
difficult to find a route for an unfamiliar place easily. A. Dabhade [14] presented how
to analyze the spatial data to get the shortest path for hospital information systems using
popular classical shortest path algorithm called Dijkstra and ArcGIS software. S. Sadhu
[47] analyzed the network based on ArcGIS software for different management spatial
systems about finding the effective travel information, travel bearings and searching
the nearest governmental office, schools and hospitals. The spatial information that gets
from ArcGIS is used for finding the shortest route between the railway station in Jaipur
city and popular places. For examination the experimental results, Google earth image

is used and then it does geo-referencing and digitization to get the shape document.

R. S. Parmar [41] aimed to find the shortest route solving traffic congestion
problem and focuses to reduce the redundant nodes of the graph network by considering
the next neighboring node of a bounding box continuously. Two prototypes are made
for it, on both the desktop and mobile. E. Lepuschitz [36] proposed an intelligent web-
based route planning application using advanced data structures, heuristics short
finding algorithms and network optimization techniques for emergency response
system such as natural disasters, health care systems that intend for efficient service

delivery. Network optimization also contains as the important sector for solving the
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shortest path problems. A. Garcia [21] apparatus an intelligent routing system of local
tourist organization to support recommendation, route generation and personalized
route customization about the local attraction places for travelers. Intelligent routing
system implements a time dependent Dijkstra’s shortest path algorithm for solving the
problems in transportation system. It also applies an advanced OR algorithm to generate
public transit routes. Q. Wu [59] used the k-shortest path algorithms to find three
shortest paths in Nottingham City and suggest the most suitable route according to three
user’s preferences. This can reduce traffic congestion and the most effective way in
public transportation for private vehicle drivers due to manage the routes according to
users’ preferences. C. N. Yahia [60] tried to solve traffic assignment problems using
decomposition approach (DSTAP) for large and complex networks. This paper
examined two different partitioning methods: agglomerative and weighted spectral
clustering algorithms. The first one is to decompose a network intending to minimize
sub networks’ boundary nodes. The next one is to partition the network using

normalized graph Laplacian.

The construction of network architecture is important for getting the fast
response time in short path finding and operational costs are greatly depended on it. V.
Guihaire [23] depicted design and scheduling of the network for transit planning. It also
described a classification way for 69 approaches that solved design and transit routes
and it analyzed for each work. M. Petrelli [42] proposed new heuristic bus design model
to solve the network design’s problem and to generate the transit routes. Moreover, it
found the optimal sub-set of routes using genetic algorithm. The system produces the
bus routes, the frequencies and the vehicle sizes. R. van Nes [56] used the features of
an optimization model and describes the details about it to design the public transport
network. The optimization model for transport network is implemented on desktop

computer.

Our proposed system uses the Public Yangon Bus Network. The main
difference between road network and bus network is that road network passes only one
time for each node, it means there is only one edge between two vertices. However,
there are one or more edges between two vertices in bus network. Figure 2.22 described
the nature of Yangon Bus Network that is composed of many edges between two
vertices because many bus lines may pass a bus-stop. Each bus line was depicted using

different colors to see evidently on the map.
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Figure 2. 22 Yangon Bus Network

2.7 Location Based Services in Android

Nowadays, many people use smart phone due to ubiquitous instead of carrying
the laptop when they go from one place to another. Android smartphone can give many
services such as animations and transitions, audio and video, images and graphics,
sensors, connectivity, navigation and user location and so on. Many services including
GPS can be provided on android phone’s users easily by adding a little configuration
in manifest file or app’s configuration file from developers. Location based services in
android need to get the help of Google Play Services. Location awareness of an android
app can give the facilities with geocoding, automated location tracking and activity
recognition. A location object of geographic system signifies a latitude, longitude, time
stamp, altitude and velocity. There are important methods about location object that
support on Smart Phone using Google API key. The altitude value in meters above sea
level can be searched using “getAltitude” method. The latitude value and longitude
value in degree can be searched using “getLatitude” and “getLongitude” methods. In
addition, the approximate distances in meters between two locations: current location

and given parameterized location can be searched using “distanceTo” method.

Moreover, android platform can give the service to get current location of a
mobile user by creating a locationClient object as the location object. This method can
give the latitude and longitude value with coordinates of user. The address can be

known from the location object. To use the methods of Google play service, Google
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Map API key is needed to use and register via Google Cloud Platform Console as shown
in Figure 2.23.

Google Cloud Platform  $e MyProject22082 + @, Search products and resources
API APls & Services Credentials + CREATE CREDENTIALS il DELETE
<+ Dashboard Create credentials to access your enabled APIs. Learn more
it Library
A Remember to configure the OAuth consent screen with information about your application.
O+ Credentials
% OAuth consent screen API K eys
@  Domainverification D Name Creation date Restrictions Key
Z&  Pageusage agreements O A APikey1 Nov 25,2020 None ATIzaSyCCvT...VZY8cBfaql

Figure 2. 23 Generating Google Map APl Key

The next important one to draw customized routes and points on Google Map
is adding the constraints in Android Manifest file. The Android Manifest contains
automatically when the android application is created using Android Software
Development Toolkit (SDK). The required permission can be assigned using <uses-
permission> tag under <permissions> tag. The permissions that need to assign in
Android Manifest File for GPS service are six permissions. The first permission:
ACCESS_COARSE LOCATION is used to get the approximate location that
equivalent to city block of android mobile device based on network location sources
such as Wi-Fi and cell towers. The second permission: ACCESS_FINE LOCATION
is assigned in Manifest File to know the precise location that support from location
providers with GPS as well as Wi-Fi and cell data. The next permission:
ACCESS_LOCATION_EXTRA COMMANDS can allow the application about other
operation of the GPS that does not include in ACCESS_COARSE LOCATION and
ACCESS_FINE LOCATION.

The fourth permission: ACCESS_MOCK_LOCATION is used to get the
location services in developer mode. And then, the fifth permission:
CONTROL_LOCATION_UPDATES can be used to get the notification of updated
information when the device location is changed. The last permission: INTERNET is
needed to assign when the internet service is used. The tag structure in Android

Manifest File can be seen in Figure 2.24.
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<uses-permission android:name="android.permission.INTERNET" />

Figure 2. 24 Android Manifest File

M. Singhal [51] proposed a location based model using Google Web Services
and Walk Score Transit Application Interface (API) on Android Smart Phones. This
model advised clients for current traffic conditions, finding routing information and
providing them find nearby hotels with the help of GPS in phones and Location based
Services. M. P. Uddin [54] implemented a location tracking system for a group of
people on Android mobile phone due to cost effective and it can be used
multidimensional purposes that contain many built-in services about GPS technology.
Md. Palash Uddin developed a location tracking system with an alert using
technological tools such as Jason like xml file for data saving, Java Programming
Language, Android Virtual Device (ADV) and LAMP. LAMP stands for the first letters
of Linux operating System is ‘L’, Apache Web Server, MySQL database and web
programming language or script such as PHP, Perl, Python. J. Samaul [48] developed
a monitoring or tracking system based on Android mobile with a GPS system to know
the current location and previous location at each specified interval. The system can
trace back the previous location for the current tracked route using Google Maps API.
A. Pinandito [44] proposed a framework of mobile application for outdoor mobile
navigation application at finding different routes. It uses Abstract Factory design
pattern, Dijkstra and A-Star algorithms for implementing the system and the routes are
represented on a digital map. M. S. Minal Mahure [38] implemented a system using
Location based Services on android mobile phone for remind the place that user want
to visit. Mobile phone supports the reminder services depend on the time. D. Ankita
[17] intended to help the people who trapped in the area that occur disaster by

monitoring the location on mobile phones. S. Vanjire [57] used client and server
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technology for location-based information system. This technology is evident in
information technology field. Client gave all required information about location from
Android mobile phone to Java 2 Enterprise Server (J2EE). The server executes
information carrying from android mobile client and finally passes the result to android.
This system advises mobile users about current traffic conditions, routing information
and it also supports nearby services for the users. It presents the interaction between
the mobile device and the processing steps of Location base service as the below Figure
2.25. In the first step, user requests a service that obtained from GPS using mobile
device. This service request is sent to the service server via the mobile communication
network in step 2. And then it is sent from service server to geographic database and
the required information is send back to server in step 3 and 4. Finally, the requested
information is sent back to mobile user via the mobile communication network. This
paper also describes the architecture of GPS system and the components of Location
based Services.

Positioning

Services
2 -Navigation
T -Tracking
Mobile Communication 3 - Search

Network = 5

% . Data /Content

Mobile Device with
LBS Application

Figure 2. 25 Interaction between the Mobile Device and the Processing Steps of

Location Base Service

2.8 Shortest Path Problems

Short finding problems are an important issue until now because the
transportation network becomes more and more emerge and complex in Nowadays.

Researchers use popular classical short finding algorithm such as Dijkstra Algorithm.
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A. Dabhade [14] used the Dijkstra to find the hospital information because people don’t
know the detailed information about the places within the hospital. However, Dijkstra
Algorithm is suitable when the network size is small. Otherwise, if it is so massive,
processing time will be very long. Therefore, Dijkstra is used together with different
data structures such as priority queues, fibonacci heap and fusion, etc. E. W. Dijkstra
[18] described the detail about the time complexity cost as O(n?+m) for linear search,
where the number of vertices and edges are assigned as n and m respectively. B. V.
Cherkassky [13] examined using various data structure together with Dijkstra
Algorithm and compared to get the more efficient short finding algorithms. R. K. Ahuja
[2] proposed an efficient short finding algorithm that get the less response time for the
desired route and it costs the complexity to O (m + nlog C), where C describes for the
cost of weightiest edge. Y. Huang [26] introduces a short finding algorithm by
assigning the constraints to omit the useless paths and to reduce the transverse time
while finding the short route associated with relative direction. And, the weighted value
is flexibly changed to get the adaptable complexity for different networks. Although
the researcher solves the short finding problems using various data structures and

constraints depend on Dijkstra’s algorithm, it also still needs to get better efficiency.

Another technique is to execute Dijkstra Algorithm in two directions, forward
from the source and backward from the destination simultaneously. This bi-directional
Dijkstra takes the complexity in O(m) for the worst case, where ‘m’ represents the
number of edges of a network graph. Bi-directional Dijkstra is more efficient than the
previous classical Dijkstra because it does not need to traverse the whole graph to find
the shortest route. Ramadiani [46] produced the shortest path between two or more
positions on a digital map of Android Mobile using a proposed method based on Floyd-
Warshall algorithm. Floyd-Warshall algorithm does not know the sequence of nodes
for the shortest path although it produces the shortest distance between the nodes.
C.Kinyua [32] studied the effectiveness of PRIMs algorithm for the LAN networks
design of Chuka University and this algorithm is applied for the design of the Campus
Network of Chuka. Prim’s algorithm finds minimum cost spanning tree and it is similar
with the shortest path algorithm. Although it is simple for finding the shortest path, the

processing time is slow when the graph contains larger number of nodes.

Graph data is partitioned and popular heuristic short finding algorithms are

applied at finding the optimal route with less time complexity by reducing unnecessary
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search area [53]. KD tree is one of the popular graphs partitioning technique in data
mining and it is a well-known partitioning approach of geographic data [58]. R. H.
Mohring [39] Graph partitioning approach achieves the optimal partitions which easy
to approximate while finding the goal. Although it occurs at preprocessing stage, it
needs to consider the execution time which dominates the shortest-route computing.

The popular heuristic search A* algorithm is used for different environments
[6][12][37]. At each stage of the tree or graph, it needs to examine which partial path
is suitable to expand to reach the goal. This algorithm runs based on the estimated costs
that calculate using the weighted value of different paths while it is going to the goal
node. A* choses the optimal path that minimizes using f(n) = g(n) + h(n), where h(n)
represents the cheapest heuristic value that go from current node ‘n’ to the goal node
and g(n) is the weighted value from start node to node ‘n’. Goyal et al. A. Goyal [22]
compared the processing time between heuristic search A* and classical approach
Dijkstra. And then this research proved that A* owns better performance than the linear
search Dijkstra by comparing the time complexity. But, A* remains nodes’ considering

problems in the open lists repetitively.

2.9 Summary

This chapter describes three main review collections: The first review is about
Spatial Data and Coordinate System, Location based Services and Global Positioning
System of GIS Technology. This described how to collect spatial data from Google
Earth and GPS devices and the appliance in many areas. It also explains Google Map
API, Open Street Map and their works and the relation between local based services
and android manifest file. In GIS applications, the collection and data analysis of spatial

data is important for getting the accurate data about earth.

The next one is studying the transportation network: Road Network and Bus
Network. Moreover, this describes the network structure such as simple graph network
and hypergraph network. When the network is complex, to find the required
information such as shortest path from network graph is not easy in the short time. This
chapter discusses the shortest path problems and their performance. The choice of
method is the mainly important factor to get the shortest results. This chapter describes

many shortest path algorithms. These are Genetic Algorithm, Classical Mature Shortest

37



Path Algorithms, Heuristic Search Algorithms, Forward Changing and Backward
Changing Strategies, Breadth First search, Depth First search, Best-First Search,

Uniform Cost Search, Hill Climbing Search and so on.

Different types of partitioning techniques are described to reduce the searching
time when the shortest path is searched. These are Quadtree and KD tree algorithms.
Some researches applied Divide and Conquer technique to divide the large tree into
small subtrees. This chapter describes the appliance and collection of spatial data from
google earth and GPS devices, shortest path problems and their time complexities,
graph partitioning techniques, location-based services and network analysis using
QGIS and SocNetV. And theorical methods of background of thesis will be discussed

in next chapter.
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CHAPTER 3

THEORY BACKGROUND OF OPTIMAL ROUTE FINDING

Public transportation relates to all sectors for daily life of people such as
education, business and markets and so on. Myanmar is composed of Fifteen Divisions.
These are Ayeyarwady, Bago, Chin, Kachin, Kayah, Kayin, Magway, Mandalay, Mon,
Naypyidaw, Rakhine, Sagaing, Shan, Tanintharyi and Yangon. Among them, it is
evident that Yangon is the transportation city in Myanmar although the area is not so
large. Although there are many public transportation services such as train, taxi and
buses in Yangon, most of the people use public bus transportation services especially
because there are many bus-lines and buses to travel easily from one place to another.
However, passengers are difficult to decide which one is the most suitable bus if they
are unfamiliar about Yangon Region and public bus dataset is enormous. Sometimes,
passengers need to take the bus more than one time and they need to transfer from one
bus stop to another while travelling to the target bus stop. The system proposes the

optimal and possible transit routes between two bus stops.

3.1 Finding the Optimal Path on the Road Network

Road Network can be seen in two types of graph, undirected and directed. The
vehicles can pass both in two directions for some routes. Undirected Concept can be
used for this case because undirected path does not need to consider for direction. In
directed graphs, graph network needs considering the directions. The spatial data about
locations are important to exact, complete and to know the relations between the
location points. Most of the research construct the road network into the graph structure
and if they need the graph network is transformed into tree structure network and some
make partitioning the graph to be easy at finding the optimal path or shortest path of
the road network. There are many popular short finding algorithms for finding the

optimal route on the map.

3.2 Shortest Path Algorithms

There are many optimal path finding algorithms for dataset that contains

vertices and edges. Matured classical short finding algorithm such as Dijkstra and
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heuristic search algorithm A* are the popular methods to get the optimal route during
the short time. Although there are many short path finding algorithms, short finding
problems occur until now. Therefore, researchers use some short finding algorithms
with bi-directional concept. M. Dramski [19] searched the shortest path by working in
two directions. This algorithm works from start to end and end to start simultaneously
and finally they meet at a point by going forward and backward.

3.2.1 A * Algorithm

A* algorithm is one of the popular short path-finding and graph traversals
algorithms and it is evident as a smart algorithm among of the other classical
algorithms. A* uses heuristic estimated values while traversing the graph to reach the
goal with high efficiency. It expands the partial path at each step until the goal is
reached. A* choose the partial path that exits minimize value as the followings

()= QU)HRA() e, (3.1)

In Equation (3.1), n is the current last node on the path, (n) is the cost value of the path
from the start node to current node n and h(n) is a heuristic value from n to the target.
A* can avoid the expensive paths while it is trying to reach the goal using estimated
values. It is a good performance and high accuracy one among of the shortest path
algorithms. However, it needs to pre-store the estimated values between two nodes in
graph using distance-based methods such as Euclidean distance and Haversine distance
method. Heuristic Search A* calculates the straight-line distance (heuristic values)
between each node and others of a graph. Pre-processing time may be long when the
graph is large because it needs to calculate heuristic values for all nodes in a graph.
OPEN table and CLOSED table are used in heuristic search A* algorithm. OPEN table
is used to store the extended nodes. To store the selected partial paths, CLOSED table

is used.

In Figure 3.1, the shortest path will be found between node A and node B.
Before finding the shortest path, firstly straight-line distance table is needed to construct
as the preprocessing step as described in Table 3.1. This heuristic values between each
node and others in a graph are calculated according to the heuristic methods. Table 3.1
describes the straight line distance values between node B and other nodes in the

weighted graph as mentioned in Figure 3.1.
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Figure 3. 1 A Weighted Graph

Table 3.1 Straight Line Distance Table

366
0
160
242
161
176
77
151
226
244
241
234
380
10
193
253
329
80
199
374
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When node A is expanded, node S, T and Z will be stretched. Among them,

node S will be selected because it is the nearest node to reach the target according to
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the Equation (3.1). The nodes in closed table are described in blue color and the nodes
that put in open table can be seen in white color as described in Figure 3.2.

= || 2

393=1904253 44721184329 4492754374

Figure 3. 2 The Heuristic Values between Nodes

Then, node S will expand node F, O and R for next step. In current, the
choosing path is node A and node S. These two nodes will exist in the closed table.
Node T, Z, F, O and R is in the open table now. Therefore, A* repeatedly calculate
nodes in the Open table. Node T and Z will be calculated and compared again for

considering the next step and described in Figure 3.3.
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Figure 3. 3 Comparing Heuristic Distance Values among the Nodes

Combined Forward and Backward Heuristic Search and proposed heuristic search
algorithms inspired about open node repeatedly considering problems mentioned

above.
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A* Search algorithm

1: create an opened list that contains start node

2: create an empty closed list

3: while (current node != destination node) do

4: choose the node with the lowest f score in the open list for the next level
5: if this node reaches destination node then

6 print the shortest path

7. else

8: insert this node into the closed list and find all neighbor nodes of current node
9 find the f score values of these all neighbor nodes

10: compare the f score values among these neighbor nodes of current node and
nodes that already exists in the open list (it does not consider the nodes that
already saves in the closed list although these exists in open list).

11: choose the node with lowest f score value and save this node in the closed list

12: put all remaining neighbor nodes in the open list

13: gotostep5

14: end if

15: end while

3.2.1.1 Heuristic Function

When the shortest route is found, the performance is an important factor for
giving the information during the short time. To satisfy this purpose, shortcut method
can be used. Heuristic Method can solve the problem and advice the shortest route to
the user faster than classical shortest path algorithms. When the branch is expanded at
each step, it considers the distance information and decides which branch is more
suitable to follow. Three main types of heuristic functions are (1) Manhattan Distance

(2) Diagonal Distance and (3) Euclidean Distance.
(1) Manhattan distance

Finding the distance between two points of a grid that composed of horizontal
lines and vertical lines can be applied by using Manhattan distance. It is a popular

method among of the distance measured methods on a grid. Manhattan distance
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calculates the diagonal distance by using the Pythagorean Theorem. The Manhattan
distance between pointl(x1, y1) and point2 (x2, y2) is given by |x1 - x2| + |y1 - y2|.
Distance (d) of a path can be calculated using an absolute sum of the difference between

the Cartesian coordinates of a grid using the following Equation (3.2).

d=Y",|xi—yi (3.2)

where, n is the number of variables, xjand y; are the variables for x and y vectors

and the points may be (X1, X2, Xs,...) for x and (y1, Y2, Y3,... ). Figure 3.4 describes the

Manhattan distance by adding the difference between the points of x and y vectors such
as (X1 —y1) + (xa—y2) + (X3 —y3) + ... T (Xi—Yi).

Start point

@

End Point

Figure 3. 4 Manhattan Distance

(2) Diagonal Distance

If the map uses diagonal distance that includes one of the heuristic methods, it
uses Manhattan distance for four east and four north and this will be 8 * D. The
heuristic value should be 4*D2 when the movement is four north and four east. D2
represents the movement cost diagonally. However, for simply move (4 northeast)
instead, so the heuristic should be 4*D2, where D2 is the cost of moving diagonally.

Figure 3.5 shows the example of Diagonal distance.

Start Point

End Point

Figure 3. 5 Diagonal Distance
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Function heuristic (node)

h(n) =csd_min+cn(d_max—d_min) ........... (3.3)
where, d_max = max(|n.x — goal.x|,|n.y — goal.y|) and d_min = min(|n.x — goal.x|,|n.y —
goal.y|). cnis the cost of non-diagonal movement, cq is the cost of diagonal movement,

n.x is the x value and n.y is the y value of current node.

(3) Euclidean Distance

When the heuristic value is calculated, straight line distance function referred
to Euclidean Distance can also be used. It can be used when the movement occurs at
any angle instead of grid direction. It can also be considered as a less expensive
function. Euclidean Distance function is described as follows:

Function heuristic (node)

h(n) = /(n.x — goal.x)2 + (n.y — goal.y)? ........... (3.4)

where, n.x and n.y is the value of x and y of current node. The example of Euclidean

distance is described in Figure 3.6.

Start Point

@
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End Point

Figure 3. 6 Euclidean Distance

3.2.2 Dijkstra’s Algorithm

Dijkstra algorithm is a popular classical approach and it can be used for solving
the single source short path finding problem. This algorithm is considered by Edsger
Dijkstra who was a Dutch computer scientist in 1956 and this was published in 1959 as
a graph search algorithm for finding the single-source shortest path with non-negative

edge path costs. Dijkstra algorithm can produce a shortest path tree. Moreover, it can
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be used for both undirected and directed graphs but graph must be connected. The time
complexity for the worst case is O (E + V log V). E is the number of edges and V is the

total number of vertices.

The steps of the Dijkstra’s Algorithms are described as follows.

step (1) Assign to every node a tentative distance value: set it to zero for initial node

and to infinity for all other nodes.
step (2) Keep a set of visited nodes. This set starts with just the initial node.

step (3) For the current node, consider all of its unvisited neighbors of the current node,

mark the current node as visited and remove it from the unvisited set.
step (4) If the destination node has been marked visited, the algorithm has finished.

step (5) Set the unvisited node marked with the smallest tentative distance as the next

“current node” and go back to step 3.

3.2.2.1 Working Example of Dijkstra’s Algorithm

Figure 3. 7 Example of Dijkstra Algorithm

Firstly, Dijkstra Algorithm assigns the infinity value for all nodes that contains
in graph. In Figure 3.7, there are seven nodes such as A, B, C, D, E, F, G. Starting node
is called initial node and let node ‘A’ be the starting node and node ‘F’ be the end node.
After assigning the infinity value for all nodes, this algorithm will be starting consider
the neighbor nodes of start node ‘A’. Then, the value of the node B, C and E will
become ‘4, 3, 7’ instead of infinity value because these values are smaller than the
infinity value. The visited nodes are marked in red color. Among of the values of node
B, C and E, node C owns the smallest distance value. Therefore, node C is chosen and
it is checked whether this node is equal to the target node. If the target node does not
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reach in current, this node C expands their neighbor nodes. Then, it is marked as the
red color because it is current visited node. Node C owns four neighbor nodes such as
A, B, D and E. Node ‘A’ is already visited node and it does not consider repeat again.
For Node ‘B’, the value of path ‘A, C, B’ is 9 and it is greater than current distance
value ‘4’ for node ‘B’. For this situation new value ‘9’ is skipped. ‘A, C, E’ is ’11’ and
it is greater than the previous value ‘7’ and then, it is also skipped. And, ‘A, C, D’ is

‘14’ and this value is assigned for node ‘D’ because it is less than infinity value.

Now, node A and node C will be represented using the red color because it exits
in visited phenomenon. In the current situation, among the values of the nodes that are
not visited, node ‘B’ owns the smallest distance. Therefore, node ‘B’ is chosen as
another node for traversing. The neighbor nodes of node ‘B’ are ‘A, C and D’. Node
‘A and C’ is already checked. Therefore node ‘D’ is calculated to get the distance value
for path ‘A, B, C’ and the value is ‘9’ and it is chosen because this distance value is
smaller than the current distance value ‘14°. Now, Node ‘B’ is inserted into the visited
node. Then, Node ‘A, B, C’ will exist in the visited array. The remaining node ‘D, E,
F, G’, have ‘9, 7, o0, o0’. Among of these nodes, node ‘E’ is the smallest minimum
distance value and this node is selected to expand the neighbor nodes except the visited
nodes. The path ‘E, D’ is ‘9’ and this new value ‘9’ is assigned instead of ‘14’. Node
‘G’ is assigned the value ‘5’ instead of ‘w’. For the next time, node ‘D’ is selected as
the current node because it owns the smallest distance values in current situations
among of the remaining nodes.  In this way, it will do for traversing the following
graph in Figure 3.8 until it reaches the target node ‘F’. Finally, the shortest path between
two nodes ‘A’ and ‘F’ will produce as ‘A, B, C, D and F’.

Figure 3. 8 Choosing the Smallest Distance Value using Dijkstra
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3.2.3 Bidirectional Dijkstra Algorithm

Bidirectional search finds the shortest path using forward and backward search
simultaneously based on Dijkstra Algorithm. While the source node is going to the
target node in forward direction, the target node is traversing to the source node in
backward direction, and they meet at a same point and finally this path is advised as
the shortest path between two points in the graph. M. A. Qureshi [45] described the
basic idea of working about the Bi-directional Dijkstra. In Figure 3.9, starting point and
target points are represented as the symbols such as ‘s’ and ‘t’. Starting point and target
point extends their edges to meet a middle point while they travelling simultaneously
in both forward and backward directions.

Figure 3. 9 Bi-directional Dijkstra

Finally, a point that comes from forward direction and another point that
traverses from backward direction can meet as shown in Figure 3.10. While travelling,
each point checks the conditions of other sides. For example, ‘Pointl’ checks the
conditions of ‘Point2’ and Point2 also checks the current information of ‘Point1’. When
they meet at a same point, they exchange their travelling information and this
information are combined as a single route. And then, this result is saved in routing

database and this information is displayed to the customers.

Figure 3. 10 Meeting at the Same Point
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3.2.4 Problems of Related Shortest Path Algorithms

There are many shortest path finding algorithms and the working of some
popular short finding algorithms have already mentioned above. Matured classical
short path finding algorithm called Dijkstra is the popular approach at finding the
optimal path but it needs to traverse the whole graph and it is more suitable for small
network or graph that constitutes small spatial dataset. When the network is large, it
needs to wait a long time for getting the shortest path between starting node and goal
node. Some researches execute Dijkstra Algorithm bi-directionally. The time
complexity of Bidirectional Dijkstra is less than the popular Dijkstra because of the
working in both directions. However, it still needs to traverse all vertices in the whole
graph. Heuristic search algorithms can be used at finding the optimal path and it does
not require traversing all nodes in the graph by using estimated heuristic methods.
Heuristic search A* is faster than the classical short finding algorithms if they compare
the time complexity among of the algorithms. A* algorithm uses open table and closed
table. Closed table is used to save the nodes that will include in result list. The neighbor
nodes and all nodes in the open table are considered at choosing the node for the next
level. Sometimes, it considers the nodes in the Open table repeatedly and it can enhance
the computation time while the algorithm executes the graph for getting the shortest
result. Moreover, A* algorithm needs to give the time for preprocessing time to save
the estimated heuristic values between each node and other nodes in a graph. The
proposed system will inspire an algorithm to reduce the time complexity by avoiding
the computation time of unnecessary node. This can solve comparing the values of the
nodes repeatedly in the open list. In addition, the system will give two shortest paths in
the short time and it is faster than popular heuristic method A* algorithm and Bi-

directional Dijkstra.

3.3 Summary

This chapter describes two main parts: the detailed work of shortest path
algorithms and the comparisons among these algorithms. This chapter describes
heuristic search algorithm: A star algorithm. It uses the heuristic method to estimate the
shortest result in the short time. This chapter also presents different heuristic methods:

Manhattan Distance, Diagonal Distance and Euclidean Distance. A star algorithm does
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not need to traverse the whole graph to get the shortest route. It uses open table and
close table at finding the shortest route. Moreover, this chapter describes classical
mature shortest path algorithm: Dijkstra algorithm and it is suitable for small network.
It traverses the whole graph to get the shortest result and the shortest result is accurate
but it is not suitable for large network because it can take more longer time to generate
the optimal result. The next one is using bi-directional search in classical shortest path
algorithm. This algorithm is faster than simple classical shortest path algorithm:
Dijkstra.

The second part is comparing the work of these three algorithms: A* Algorithm,
Classical Shortest Path Dijkstra Algorithm and Bi-directional Dijkstra. Although Bi-
directional Dijkstra is faster than Dijkstra, it can still traverse all edges of the whole
graph. A star algorithm is faster than other two algorithms: Dijkstra and Bi-directional
Dijkstra. However, A* algorithm is still considering the unnecessary nodes when the
current node is expanded for going to next level. For these problems, next chapter will
present step by step working of the proposed algorithm together with working example.
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CHAPTER 4

IMPLEMENTATION OF THE PUBLIC BUS SYSTEM

To develop a smart city, the transportation is very important because it is related
with all important sectors such as health, education, travelling and especially in
business. It also saves costs and provides better service about safety and security
management to people. Smart city transport applies wireless and Internet technologies
to provide transport information between two points for large city and control the traffic
flow from city’s authorities. Today, internet technology has more and more developed
and many systems are implemented on the mobile phone due to the ubiquitous. For a
smart city, the construction of good transport infrastructure is the main step among of
the ways. There are many transportation services such as private cars, taxi, trains,
motorcycles, bicycles and public buses. Among them, most of the people who live in
developed country especially rely on the public bus system.

In this system, public bus transportation for Yangon Region is developed using
proposed short finding algorithm based on subtree dividing scheme. There are mainly
three parts: the first part is finding two shortest paths; the second part contains searching
transit nodes from the shortest path route using transit nodes calculating method; and
the third part displays these routes on the Google Map of Yangon Region. As the other
services, the proposed system can set the timer for the desired location for unfamiliar
users about the Yangon Region. In addition, the customer can study the bus lines and
detailed information about bus management system easily. To be efficient at finding
the shortest paths, the customers can use the keyword search technique for filling the
information about starting bus stop and destination bus stop. Two languages (Myanmar,

English) can be used for not only Myanmar citizens but also foreigners.

Figure 4.1 describes the architecture of the proposed system. The system uses
client server architecture at finding the optimal paths for public bus transportation
network. This architecture mainly contains two roles. The first one is working by using
android mobile phone from client side. When the user wants to know about the shortest
path, he or she inputs the source and destination bus-stops via mobile phone and then
these data are passed to the server side using hypertext transfer protocol. When the data

that pass from the client side reaches to the server side, Java 2 Enterprise (J2EE) Tomcat
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server accepts the data and calculate two shortest paths and finally it sends the result as
JSON format to the client side. Before calculating the shortest paths of user’s inputs,
the system firstly constructs the graph database by transforming the Yangon Bus
Network. After sending the result, the user can see the paths on the map of android

phone and it can also view the detailed bus’s information that include transit bus-stop.

+ 1

Figure 4. 1 Architecture of the Proposed System

The proposed system especially contains four main parts: constructing the graph
database at the pre-processing time; giving the current bus stop and destination bus
stop; calculating the two optimal paths; finding transit bus stops, displaying each
optimal path on the google map; and setting the alarm for the targeted bus stop. When
the transit routes are described on the google map, users can see the information about
each bus stop of these routes by clicking bus stop icons on google map. When two
optimal paths are searched, the system uses Proposed Combined Forward and
Backward Heuristic Search (CFBHS) Algorithm. The detailed working of CFBHS

algorithm will be described in 4.3 of current section.
4.1 Preprocessing Stage for the Proposed System

The system contains two parts at the preprocessing stage. The first part is the
collection of latitude and longitude data, and the second part is the construction of the
graph database using spatial data and distance calculation method. This system collects

these latitude and longitude data into three ways: using Google Earth, applying GPS
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Etrex-10 handheld device, and getting the spatial data from the government that
operates under The Yangon Region Transport Authority (YRTA) of Yangon Region,
Myanmar.

Firstly, the latitude and longitude data of each bus stop from Google Earth is
converted to decimal value. Google Earth gives the value of each bus stop as degrees,
minutes and seconds format. After converting these spatial data to decimal value, the
distance value between two bus stops can be computed using Haversine distance
formula. It takes longer time than Euclidean distance formula but it is more accurate
for spherical shape. Euclidean distance is more suitable for the grid view of a map.
Equation (4.1) describes how to convert degrees, minutes and seconds to decimal
values. The relation among of the degree, minute and seconds can be described in the
following Table 4.1. One degree is equivalent to 60 minutes or 3600 seconds. One
minute can be described as 1/60 degrees and one second is equal to 1/3600 degrees.

Table 4.1 The Relations between Degree, Minute and Seconds

One degree 60 minutes or 3600 seconds
One minute 1/60 degrees
One second 1/3600 degrees

The decimal degree from degrees, minutes and seconds is equal to

Decimal Degrees = Degrees + minutes/60 + seconds/3600 ........... (4.2)

The next one is using GPS Etrex-10 handheld device. This device is also applied

while the data is collecting. GPS receiver can provide information about the locations,
tracks, waypoints and map. This device can run more than 24 hours per charge. It needs
a view of sky to mark the locations using device but it can even work for the dense

forest.
4.1.1 Yangon Region and Yangon Bus Network

Yangon is the popular city related with transportation in Myanmar. Many
people use public transport for everyday life. However, there are many traffic and
accidents occur at the Public Bus system. The government, therefore, reduced many

bus lines from over 300 to over 100 at January, 2017. Therefore, traffic problems may
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lessen due to the reduced number of bus lines. However, there are many transit bus-
lines than the previous bus system. The proposed system will solve these problems.
Yangon Bus Network is served under The Yangon Region Transport Authority
(YRTA) that operates transit agency for Yangon Region, Myanmar. Yangon Region is
composed of four districts that constitute in 33 townships and Yangon Bus Network is
run over the Yangon Region. It can be deliberated as a graph with positive weighted
values. The node represents a connection and each edge of the graph network is linked
with a road fragment between two connections. Figure 4.2 describes 33 townships that

include in four districts of Yangon Region.
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Figure 4.2 Townships in Yangon Region

4.1.2 Yangon Bus System

Public transportation network of Yangon is creating the network element
structure by recording the topological relations among of the bus stops and routes.
Really, it does not exist in practice. Yangon Bus System is composed of 100 bus lines
and bus numbers are designated as different colors. For some bus stops, although the
bus number is same, bus number’s color is different depend on the bus’s route. In the
previous system, many types of buses such as Special Bus, Big Bus, Dyna, Mini Bus,
SRT and Air-Conditioned Bus are used. For this case, most of the buses are small.
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Nowadays, government removed uncomfortable small buses for the public bus system.
Regular buses are replaced by air-conditioned buses to give the comfortable service to
passengers.

The Yangon Bus Service, also called YBS, is the main local transportation for
Yangon Region. It runs from early morning 5:00 a.m. till 12:00 p.m. The cost is very
cheap about 200 or 300 Kyats. There are six bus colors for different regions of Yangon,
Myanmar as described in Figure 4.3. Among of the100 bus lines, the proposed system
implements for 84 bus lines. The routes that run in some bus line are described in Table
4.2.
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Figure 4. 3 Different Colors in Bus Numbers

Table 4.2 Bus Routes

Bus Line Routes
Tar Sone -->Da Yae Pho -->Pauk Gone -->Ye Mon,
COT-->Za Yet Circle-->In Tine -->Ta Yoke Gone

Bus No (1) -->Tha Net Pin-->Thingangyun-->Ywar Thar Gyi
HIIenCILOIr\]/ItaOrLet -->Taung Myaut Intersections-->San Pya Market

-->Zawana-->Thumingalar-->Yadanar Road
-->Myin Tha-->San Pya Market.
Pyi Htaung Su Road-->Hlawgar Road-->Maung Ma
Kan Road-->No. 2 Road-->Taung Myaut Intersection
%Jj QI;I\(I? -->Pyi Htaung Su Road--> General Ba Htoo Road North
. Okkalapa Circle-->Khay Mar Thee Road

(Khine Shwe War Road) -->University of Medicine (2)-->North Okkalapa

Hospital-->Thu Dhamma Road-->Chaut Kwae-->
Aung Mingalar Highway Bus Station
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4.1.3 Network Connectivity

When the transportation system is implemented, the study on behaviors of roads
network is important infrastructure in most countries. The behaviors of this system:
how to connect the roads geometry, roads’ directions, Bus lines that run on the road,
bus-stops and bus routes. There are two different types of networks (1) dynamic
network and (2) static network. Table 4.3 describes the characteristics of dynamic
network and static network. Bus stops are used as the vertices and edge is the
connection between two vertices. The length of each edge is the distance between two
vertices. Each vertex has a value of latitude and longitude and each edge’s length is
represented in kilometer. Yangon bus network considers direction about the network
connectivity due to the most of the bus lines runs in two ways for going and coming.
Yangon bus network is also assigned as the static network because it does not need to
change the topology of bus network’s connection. However, it is the complex network

because different bus lines pass in the same route.

Table 4.3 Dynamic and Static Network

Dynamic Road Network Characteristics | Static Road Network Characteristics

1. The network topology can change over | 1. The network topology does not
times change depend on time but the

2. Nodes and edges can increase or decrease network configuration can modify

3. Length of weight can vary over times 2. The number of nodes and edges
cannot change

3. Length of weight cannot vary

4.1.3.1 The Nature of the Bus Stop

A network is the connection together with vertices and edges according to
network topology. Single bus stop is assigned as a vertex and the links between two
vertices are occurred according to the routes. The routes with direction are considered
when the vertices are connected for network construction. A bus stop can be passed by
many bus lines due to different bus numbers run on the same road. This signature can

be viewed clearly in the below Figure 4.4(a) and this phenomenon is demonstrated on
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Google Earth as described in Figure 4.4(b). Figure 4.4(a) describes the bus lines passing
in a road using Java Script Object Notation (JSON). For example, KanBaeLan Road is
passed by bus lines “12” and “29”. After routes are fixed at the network, each vertex

may be many incoming and outgoing edges as described in Figure 4.4(b).
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(a) Bus Lines (b) One bus stop with multlple edges

Figure 4. 4 Nature of Yangon Bus Network

4.1.4 GPS Etrex-10 Handheld Device

The GPS Garmin eTrex 10 can provide to mark the routes and input the
waypoints easily. This GPS device can read the GPS Data under the dense tree or the
sunlight and also display current location address accurately. The eTrex 10 can also
provide Paperless Geocaching. This device can store not only location data but also
terrain. Moreover, it supports for spine-mounting decorations such as Biking, Boating,
Fishing, Hunting, Hiking, Motorcycles, Off roading, Overlanding and Sailing. Figure

4.5 demonstrates this GPS device.

Figure 4.5 GPS Device
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GPS Garmin eTrex 10 can produce geocaching GPX files and this can be
extracted from GPS device using Computer to apply in the geographical research area.
Moreover, this viewpoints and GPS data can be viewed clearly on this GPS device.
GPS Garmin eTrex 10 GPS can track Glonass satellites and GPS simultaneously. When
the device is on, it tries to get the satellite connection and the number of satellites that
do in current location can be checked as the following Figure 4.6(a). To locate itself
about GPS, this device requires at least four satellites. Figure 4.6 describes the menu
of GPS Garmin eTrex 10 and to check satellite connection, the user can click the last

icon of the menu.
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(a) Checking the satellites (b) Menu of GPS Garmin eTrex 10
Figure 4. 6 The Functions of GPS Garmin eTrex 10

4.2 Data Structure of Public Transportation

Yangon Bus System of Public transportation contains (1) bus stops (2) bus lines
and (3) routes and (4) bus links. Each bus stop contains not only latitude and longitude
but also address detail such as bus stop’s name, road’s name and township’s name.
There are two types of bus lines: ring line and one-way line. Starting point and end
point is the same when the bus line is the ring line structure. One-way line may vary
about starting point and end point and they different uplink and downlink generally.
Routes are needed to check carefully because these routes are different nature: ring line

and one-way line. When the connection is incorrect about the links between bus stops
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if the route’s nature cannot be specified properly. Firstly, this system constructs the
graph database by connecting between the bus stops according to routes. To save and
retrieve the required data of the public bus transportation system easily, the suitable
data structure is needed to apply. There are many data structures for data storage. For
example, File format, matrix construction, caching and database is the popular
techniques about the storage management of data. The system uses the xml file at the
client side to retrieve the required words for the keyword search. Then, these input data
are passed to the server and the calculations are made at the server extracting the
required data from Oracle Database. Finally, the results are passed as the Json object to
the client side over the internet.

4.2.1 Data File

There are many types of storage file and these are used according to the
system’s requirements. Microsoft excel and Microsoft access files are used for data
storage in some systems. These files own many similarities and both tools can store a
lot of data, execute queries and retrieve sub-part from data and do the calculations on
the data. For data integrity when the data is accessed by multiple users, Microsoft
access is better than Excel but Excel is more suitable for calculation. But these files
have long time when the data is passed from one place to another. JSON and XML is
the light weight for data carry when these files are passed within different places.
Moreover, the space is less when these files are stored in the hard disk. The proposed
system contains two parts: client and server. At the client side, to retrieve the required
data when the user makes key word search, XML file is used for storage the Yangon
Bus Network dataset because it can store these XML files in phone’s storage easily and

lightly. The space of the file is less than the space of database.

4.2.1.1 Extensible Markup Language (XML)

Extensible Markup Language (XML) is used to create information and it is
extensible because it can do unlimited and self-defining about the markup symbols. It
is a simple document structure of the Standard Generalized Markup Language (SGML)
standard. XML can be used together with Hypertext Markup Language (HTML) for
Web Applications. It is also similar HTML tag but HTML cannot create own tags and
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it is mainly used for the visual effects such as beautiful user interfaces of the Web
Pages. The web browser (Chrome, Firefox, Opera, Safari) do to interpret HTML
documents to determine how to display the document. The Figure 4.7 describes XML
file of proposed system. There are many records in the XML file of the Public bus
transportation system. One record contains bus line number, node name, the direction
of a route, bus stop name, road name and township name in English and Myanmar and
spatial data (latitude and longitude) that represented as the defined tags.

<record>
<bus_id>1</bus_id>
<point_id>2011</point_id>
<sequence> 1 </sequence>
<busstop_nameen>Hlequ Zay</busstop_nameen>
<busstop_namemm:cppdiop:eg; </ busstop_namemm:>
<road_nameen>No. 1 Main Road</road_nameen:
<road_namemm:23¢03(0)coéio </ road_namemme
<township_en>Hlegu</township_en>
<tmvmtb_nnb<\?ém:</mwrdt)_nm>
<bt>17.096823</lat>
<lon>96.219456</lon>

</ record>

Figure 4. 7 Xml Tree Structure of Proposed System

4.2.2 JavaScript Object Notation (JSON)

JSON can be used when data is sent in client and server application. Syntax
structure is same to the JavaScript objects codes because it derives from the JavaScript
object notation but its format is text only. JSON contents can be read by writing any
programming languages. The proposed system sends the required information with
results from server to consumer using JSON object over the internet. Latitude,

Longitude of all points about two shortest paths will include in the results.

JSON objects can create using multiple name and value pairs and it can be
written inside curly braces. For example, let key value for latitude data be “Resultvalue”
and then the symbol of full colon “:” is written. After writing full colon, the values can
be written. When the client side is reached, the “Resultvalue” object can be used to
retrieve spatial information of the points that include in shortest results. For example,

the JSON obiject is represented as follows:
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Resultvalue = {
"latitude™:[ "96.223276", "96.225736 ", " 96.294871" ],

"longitude™:[ "17.098546", “17.099458 ", * 16.960345" ],

}

4.2.3 Spatial Database

Spatial Database contains geo information on the earth. An Oracle database is
a collection of data treated as a unit. Oracle database is already built in eclipse tool that
supports for creating Standalone Java Application and Java 2 Enterprise Systems. The
purpose of using database is to store and retrieve required information. It is reliable for
information management about large amount of data when the same data is accessed
concurrently by many users. In addition, this can provision to get high performance
when the database transactions are occurred. Database server can provide efficient
solutions for failure recovery. The spatial information that gets from map can be saved
at MySQL database using Quantum Geographical Information System (QGIS).
MySQL database is a part of Oracle Database Server. This database can hold geometry
values such as points, line string and polygon. The proposed system uses the Oracle
Database to save the related information after data collection. Data Collection is made
in different ways: saving spatial data from Garmin Hardware Device, getting from the
authority of Yangon Region Transport Authority (YRTA) and using the geospatial
tools such as Google Earth, Google Map and QGIS etc. The working of the query
statement of Oracle and MySQL is similar for transaction of the system. Figure 4.8
also mentions MySQL database that saved the spatial data getting from Google Map in
QGIS.
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Figure 4. 8 Sql Database in QGIS
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4.3 Combined Forward and Backward Heuristic Search (CFBHS) Algorithm

The proposed system applies the forward and backward search for finding the
shortest paths. The system uses two threshold values, the first one is the calculation of
threshold value called “th” using proposed degree-based threshold calculation
technique. It is used for separating the large tree into small trees. When the network is
huge and dense, the threshold value may be large. The second one is defining the
number of shortest results |rs| that will produce from each subtree. Figure 4.9 describes

the step by step works of the proposed method using system flow.
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Figure 4. 9 System Flow Diagram of Public Bus System
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The customer firstly inputs source and destination to the system and then the
system checks the number of nodes after expanding the current node. When these
numbers are greater than or equal to the defined threshold value, tree is divided into
subtrees. Each small tree will calculate the shortest results until the number of results
reach to the predefined value |rs|. While the result is calculating from each subtree, the
heuristic searching is run. CFBHS algorithm will search the shortest results using
forward (source to destination) and backward (destination to source) search separately.
The proposed algorithm does not traverse all nodes of the network and it especially
considers only on the adjacent nodes using heuristic search at finding the shortest and
possible routes. Finally, the proposed system will determine which one is the shortest
according to the shortest results from source to destination and from destination to

source.

4.3.1 Proposed Method

The proposed method of the system is described in Figure 4.9. During the pre-
processing phase, the graph database is constructed and spatial information is saved in
it and the distance between nodes is calculated using Haversine Distance according to
Equation (4.2), this is especially considered on the sphere for latitude and longitude
data.

haversin (g) = haversin(@, — @1) + cos(D;) cos(D,)haversin(1, — A4)...... (4.2)
where d represents the distance between two points with latitude @,, @, and longitude
M, A, , rassigns the value as the radius of the Earth. Threshold value th is needed to
split the large tree into small subtrees. Therefore, after pre-processing, a degree-based
threshold calculation method is applied to find it. If the network is same, it does not

need to consider for calculation again.

In Figure 4.9, the processes within the blue box are executed to compute the
shortest and possible routes from each subtree and finally the results are saved in the
database. After getting the results from both directions, global optimum results are
computed using quicksort algorithm. It is used to compare the local optimum results
and sort them and the time complexity of this algorithm costs O(NlogN) in average
case. It is better than popular sorting algorithms such as bubble sort, selection sort and

insertion sort.
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The proposed method contains three main parts: (1) finding threshold value “th”
and splitting the big tree into small subtrees (2) calculating the heuristic values for
deciding the expand node for next level and (3) computing and collecting the local

optimum results and finally finding the global optimum results.

4.3.2 Subdivision Scheme

Complex bus network can be divided into segments to be assigned the jobs on
different pieces described in Figure 4.10. Two threshold values th and rs are used. To
separate the tree, threshold value th is computed according to degree-based threshold
calculation approach. This proposed method contains four phases: (1) checking the
degree of vertices (2) division different subtrees (3) finding the shortest paths and (4)
considering the accuracy and performance of the shortest paths.

According to the behavior of the graph and degree of vertices, threshold value
may differ. Different degree values of the graph are applied as the testing threshold
values. The tree division occurs if the current level owns the number of edges that equal
or greater than predefined threshold. Each segment calculates the paths using
dynamically heuristic approach with selected start and goal nodes. After calculating the
routes, it decides the threshold value according to two factors: the performance and the
accuracy of the shortest routes. Tree is divided into segments when the level 3 is

reached in Figure 4.10.
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Figure 4. 10 Demonstration of Subdivision
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Firstly, the system traverses the path starting from level 1 to next level or step.
When the next step is reached, two parts are worked that are tracking the path and the
degree of vertices of the current level. When a path among of the paths touch to target,
this route is placed into the database server. After this situation, this route will not
include in tree currently. If the predefined threshold value is smaller than or equal to
the edges’ condition of current level, tree will be spitted. Shortest results will be
searched according to the predefined value rs. In Figure 4.10, each segment {st; |1 <

i < 8} will calculate three local optima for their results.

4.3.3 Choosing the Next Expanded Node

The proposed system uses heuristic values while finding the results in route
analysis phenomenon and it calculates these values dynamically while execution is
made. The system does not need to consider the visited nodes again and other subtrees
while selecting the next expanded node from current subtree. Each subtree works
separately to find the shortest results. The distance is measured between current
neighbor nodes and target node using Euclidean Distance. After computing the
distances between the neighbors and target, orderly linked list is used to store the nodes
according to descending order of these heuristic values and the minimum heuristic
value is chosen for the next level. Visited linked list is used to store the result nodes

while going each level to get the shortest path.

4.4 Finding Shortest and Possible Paths Using CFBHS

This section describes the pseudo code to calculate the shortest and possible
results. CFBHS algorithm finds the shortest and possible paths between source and
target point according to the forward, backward and heuristic searching methods. The
system will start from the MainFunction (Algorithm 1). It creates two objects of
CFBHS java class to do forward and backward search and it will pass the parameters
(start, end, flag) parameters together with objects. The functions of the CFBHS java
class will work via from created objects from MainFunction. The flag variable is used
to test whether both forward and backward direction job is completed. At first,
calculate function of CFBHS java class will be run. After that, it calls another function

named divideLargeTree (Algorithm 3) to produce the small sub trees. This algorithm
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checks the number of edges of current level by comparing the predefined threshold
value. The number of edges of current level is same to the number of adjacent vertices
of all nodes of that level. The level that exits in root of a tree is called level 1 and this
level is checked at Algorithm 3 and other levels are detected according to Algorithm 3
and 4. Section (4.5) describes the detailed work for subdivision. After dividing the large
tree, Algorithm 3 calls the CFBHS function of Algorithm 5. Algorithm 5 calculates the
local optimum results from each subtree based on heuristic search and it finds the
distance between current neighbor and target nodes using Euclidean Distance and it
does not consider the unnecessary nodes and edges while trying to reach the goal. The
number of results from each subtree is searched consistently with predefined threshold
value “rs”. If the “rs” value is “m”, m local optimum results will be produced from each
segment. After producing one local optimum result, this will be saved in database and
the number of local optimum result will be increment by calling the printPath
(Algorithm 6) function from Algorithm 5. Finally, after working in both directions for
finding the local optimum results, the calculate function (Algorithm 2) will demand
printGPath (Algorithm 7) for finding the optimal shortest results using quicksort

algorithm with parameterized local optimum results.

Algorithm 1 MainFunction_

1: Create the two objects to call CFBHS class
2: firstobj(startnode,targetnode,flag) //forwardsearch

3: secondobj(targetnode,startnode, flag)//backwardsearch

Algorithm 2 calculate

Input: start node, target node, flag

1: call divideLargeTree(startnode, threshold) function
2: if (flag == 2) then

3: call the printGPath function

4: end if
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Algorithm 3 divideLargeTree

Input: startnode, threshold, Graph

Output: subtrees

1:j<0

2: adjacentLinkedlist < adjacentNodes(startnode) // levell
3: 1 «—size(adjacentLinkedlist)

4:k i

5: while (i>0) do

6: check the neighbor nodes

7: if the current neighbor node is equal to the target node, store this traversed path
into the local optimum database

8: remove this traversed path from tree
9: i—i-1
10: end while

11: if (k >= threshold) then
12:  separate the tree into subtree

13: call the CFBHS(traversedpath) function to find the local optimum results from

each subtree
14: else

15: work step 16 to check the number of adjacent nodes of all nodes that exist at

current level // level 2 and other levels

16:  while (k>0) do

17: j< j+ CheckNumofAdjNodes (adjacentLinkedlist(k))
18: do from step 6 to 8
19: k k-1

20: end while
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21: end if
22: if (j>= threshold) then

23: do step 12 and 13

24: else
25: kej
26: j<0

27:  dostep 15

28: end if

Algorithm 4 CheckNumofAdjNodes

Input: A node that wants to find adjacent nodes

Output: number of adjacent nodes of current input node

1: adjacentLinkedList <— adjacentNodes(node)

2: i« size(adjacentLinkedlist)

3: returnii

Algorithm 5 CFBHS (Combined Forward and Backward Heuristic Search)

Input: Graph, start node, target node, traversed path (visited linked list), flag, rs
Output: local optimum paths

1: get the last node from the traversed path in visited linked list of current subtree

2: find the adjacent nodes of the current node

3: insert the adjacent nodes of the current node to the Linkedlist named as adjacentnodes
4: check each node in adjacentnodes

5: if a node in adjacentnodes contain in visited linked list

then
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6: remove this node from adjacentnodes
7: else

8: compute the distance between the nodes in adjacentnodes linked list and target
node by using Euclidean distance

9:end if

10: store the nodes in the orderly linked list according to descending order using

heuristic distance values
11: choose minimum node from orderly linked list
12: add this choice node into the visited linked list
13: if current choice node is equal to target node then
14:  call the printPath function
15: else
16:  call the CFBHS function recursively
17: end if
18: if (current result number > number of predefined result named as rs)) then
19:  terminate the job of current subtree
20: else

21:  remove the last two nodes (target node and a node before target) from the visited
linked list

22:  choose the second minimum node from orderly linked list
23:  add this node at the end of the visited linked list
24:  call the CFBHS function recursively

25: end if

Algorithm 6 printPath

Input: Graph, visited Linked list
1: Calculate the total distance of a route that gives from the visited linked list
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2: Store the local optimum result into the database

3: Increment the current number of results

Algorithm 7 printGPath

Input: local optimum paths
Output: shortest and possible paths

1: Use the Quick-Sort function to get the shortest and possible paths

4.5 Working Example

The working of the algorithm for finding the shortest path between source node
“s” and target node “o0” is demonstrated in Figure 4.11. Threshold value th and rs are
assumed as 12 and 2. Firstly, the algorithm checks the number of edges of current level
to divide the tree. The total number of edges of node s are 3 at level 1 and it is smaller
than threshold value 12. Therefore, next level is checked. At level 2, the number of
edges of three nodes d, c and b exist 3, 3, 4 and it is 10 totally at that level. Then, next
checking will come for level 3. Dividing the tree will occur at level 3 because it owns
the edges that greater than predefined threshold value. After that, the system will get
six subtrees such as (s,d,h), (s,d,g), (s,c,9), (s,b,c), (s,b,f) and (s,b,e) that already

traversed the graph from level 1 to level 3.

Each subtree computes the local shortest results using heuristic approach until
the second threshold value rs is equal. For example, the neighbors of hare d, g, k, I, m
for the subtree (s, d, h) and d is already visited. Therefore, the distance values between
other remaining nodes g, k, I, m and target node o are calculated. k is the nearest
distance value according to heuristic method, spatial latitude and longitude data and it
is selected for going to next level. This subtree (s, d, h) produces the shortest path s, d,
h, k, o. In this way, each subtree will find two shortest results. Finally, the system will
find the global shortest and possible results using the local optimum results from each
subtree and quick sort algorithm. The shortest results can be searched in the short time
because of dividing the large tree into the small subtrees, using heuristic based
technique and searching nodes for going next level depend on adjacent nodes of current

node.

70



Figure 4. 11 Undirected Graph

4.6 Transit Nodes Information

The working system of public transportation is a little different if it is compared
with the taxi system because the network structure between them is not the same. The
road network of the taxi system can find the shortest route on any road and street that
exits on the map. However, the public bus system can use only the specified ways to
run public buses even if the other roads exits. Some ways have the circle structure, that
is, the forward and backward direction is the same but some are different. Moreover,
the passengers need to know the bus numbers that they will take for the shortest route
between starting bus stop and target bus stop. Therefore, the system defines the
formulae for finding the direct and transit bus numbers after finding the shortest routes.
It is easier and more efficient to get bus transit information by using the bus data after
finding the shortest route because it needs to consider on the shortest information
instead of using the whole database. It especially defines direct route, one transit and
multiple transit formulae. YRTA managed a completed and comfortable bus travelling

architecture in 2017, aiming to be easy for passengers while travelling by bus.

4.6.1 Direct Route

Firstly, the system searches the shortest routes between the start and end point.
And then, the bus information such as bus number, point number and other required

data about the shortest routes are extracted from Yangon Bus Database. This bus
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information is saved in temporal table of database and it is used for finding the transit
and direct information related with shortest route. Direct route can be searched using

Busnames(A) N Busnames(B)  .......cccooiiiinnnl. 4.3)

where let A is the end node and B is the start node. If the bus names of two nodes are
same, the passengers can take using direct bus to reach the target location. The user
inputs start bus stop and end bus stop to the system and the system finds the related
points of two bus stops. In Figure 4.12, let assume point number “1001” is for start bus
stop and “1007” is for end bus stop. The bus names pass for point number “1001” are
“B1” and “B2”. The bus names for point “1007” are also “B1, B2”. By intersection
these bus names of two points, the system will get the result as “B1, B2” for direct route

related with current searched shortest route.

Bl1,B2

1001

Figure 4. 12 Direct Route between Two Bus stops

4.6.2 Transit Route

If the route does not have the direct bus name, the system needs to produce
transit bus stop and the next required bus name for the user. The system finds the bus
names of end point, then retrieve the related points with bus names from database. After
that, it searches the bus names for each point. If these bus names of a point among the
points are same about the bus names for the start point, this point is the transit point.

To find the first transit route, the system can use the following Equation (4.4).

Busnames(B) N [Busnames(‘v’point(Busnames(A))] ............ (4.4)
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where A is the end point and B is the start point that user desires. In Figure 4.13, point
“P1” can be passed by bus “B1, B2, B3, B5” and “P1” is one of points from bus stops
related with end point. Start point can be passed from bus name “B5”’ and end point can
be passed from “B1, B2, B3”. Therefore, according to this phenomenon, the user can
take bus name “B5” to reach from start point to transit point number “P1” and bus
names Bl or B2 or B3 can be used to reach from point “P1” to the destination.
According to this approach, the system finds the transit bus numbers after finding the
routes using proposed heuristic based algorithm. Figure 4.14 describes three
transactions about detailed public bus information after getting the shortest result.

Figure 4. 13 Two Transactions between Two Bus Stops

B5 BlorB2orB3

This chapter describes the architecture of the proposed system. The proposed

Figure 4.14 Three Transactions between Two Bus Stops

4.7 Summary

system uses the client server architecture. People can use the proposed system on the
android mobile phone. Android Programming Language is used at the client site and
Java 2 Enterprise Edition(J2EE) Programming Language and tomcat server is used at
the server site. Localhost and port number 8089 is used to run the server. Different Data
Storage Techniques are described in this chapter. These are Microsoft Access File,
Microsoft Excel File, XML file, Json file and Oracle database. Oracle database is used
to retrieve the spatial data and related information of the system and it is stored at the

server site. The system stores XML file at the client site because the system intends to
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support auto complete keyword search technique for the input of the users. Simple API
for XML Parsing (SAX) parser is used to retrieve the required information from XML
file and it is faster than Document Object Model (DOM) parser because SAX parser
does not parse the whole document. Json Object is used for passing the information
between client and server to reduce the data passing time. Moreover, this chapter
describes the townships of the Yangon Region and the nature of Yangon Bus System.
And it explains about the proposed algorithm CFBHS in detail working example and
step by step explanation of pseudo code. The proposed algorithm can solve the
unnecessary nodes repeatedly considering problems of A* algorithm and its time
complexity is faster than heuristic search A* algorithm. Chapter 5 will discuss the
experimental results and evaluation after inspiring and describing the proposed system

and implementation in this chapter.
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CHAPTER 5

EXPERIMENTAL RESULTS AND EVALUATION

This chapter describes the evaluation and experiment results for finding the
optimal and possible paths of public bus system in Yangon Region. The proposed
algorithm is applied in two different networks such as Road Network and Bus Network.
Although these two networks are seemed to be similar, their architecture is different.
Bus network is more limited because it cannot go every road while trying to get the
optimal route. It depends on the architecture of the bus lines to reach the destination
point. Yangon region is organized by 33 townships and Latha, Lanmadaw, Kyauktada,
Pabeldan, Botahaung and Pazundaung are downtown areas and the main transportation
townships. This chapter includes five major parts: checking different thresholds for
different components, the complexity assessment between different algorithms and data
components; describing the statistical analysis for different graph networks such as
undirected Yangon downtown road network and Hypergraph Yangon bus network;
implementing the Yangon bus system on android mobile phone using the proposed

algorithm and subjective evaluation for Yangon bus system.

5.1 Using Different Threshold Values for Different Components

Yangon downtown map is constructed as a simulation graph for the standalone
system. By constructing the simulation graph, the optimal routes can be easily checked
whether these output values are correct or not between two nodes. The simulation graph
contains 41 nodes and junction points are assigned as the nodes. Yangon downtown
graph is constructed for the road network and one way is enough to consider for this
graph while finding the optimal route. The next graph is Yangon Bus Network and node
is assigned as the bus stops and an edge is joined between two nodes according the bus
lines of the bus network architecture. Two way is considered for the bus network and
it is more constrained than the road network. The system uses the degree values of the
nodes for the threshold testing parameters th. Figure 5.1(a) describes the Yangon
downtown map on google map using google earth tool. The road lines are described
using red color and this special latitude and longitude data is imported as keyhole

markup language (kml) file to google earth tool. Figure 5.1(b) constructs the Yangon
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downtown network as the graph network and compares the performance between
proposed CFBHS and A* algorithm.
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(b) Simulation Graph for Yangon Downtown Area

Figure 5.1(c) describes the bar chart using JFreeChart Utilities about the
comparison time between Combined Forward and Backward Heuristic Search
Algorithm and A* Algorithm. These two algorithms can search the shortest result
during the short time. Comparison Time Unit is described in seconds as the following
Figure 5.1(c).
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Figure 5. 1 Constructing Yangon Downtown Spatial Data Network into Graph
Data Network

5.1.1 Testing Yangon Downtown Map with Different Parameterized Threshold
Values

Yangon downtown area contains the vertices that own degree one, two, three
and four. Degree one is not used for threshold value because this cannot divide the tree.
Other different threshold values such as two, three and four are used as testing
parameters for Yangon downtown area. Start and end points about spatial data of
Yangon downtown area are randomly selected for comparing the difference between
processing time and the number of subtrees of the system. The performance of the
proposed system will be faster due to the small number of subtrees and it is directly
proportional as shown in Figure 5.2(a). It shows that when the threshold value is
increased, the number of subtrees is also increased. In addition, all threshold values can
produce the shortest path according to the experimental results but threshold value two
is the best parameter because the execution time is the fastest as described in Figure
5.2(b).
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Figure 5. 2 Using the Different Threshold Values

5.1.2 Testing Yangon Region with Different Parameterized Threshold Values

Public bus transportation network is composed of about 1894 nodes and over
7000 edges. The edges are connected according to the designated bus lines. The
maximum degree of vertices of this network is degree 17. The different threshold values
are tested for the Yangon Public bus network and finally the system decides the

threshold value “4” to choose for dividing the tree. Only second shortest path can be
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often produced when degree 2 and degree 3 is used as threshold parameter as shown in
Figure 5.4. According to the comparison, suitable threshold values of two different
components differs depend on the nature of the graph and the vertices’ degrees of them.
Figure 5.3 describes different degree of vertices in Yangon Bus Network. Threshold
value is suitable for choosing the degree of vertex that occur many times. In Yangon
Bus Network, degree of vertices is 1,2,3,4,5,6,7,8,9,10,11,12,13 and 17. Among of
these, degree 2, 3, 4, 5 and 6 occur repetitively as the degree of vertices according to
Figure 5.3. Therefore, these vertices such as “2, 3, 4, 5, 6” are checked as threshold
parameters because if the threshold parameter is seventeen, the large tree will use
subdividing scheme only sometimes.
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5.2 Time Complexity for Yangon Region

The system can produce not only the shortest route but also the possible routes
at the same time. Threshold value two and rs value five are used for finding these
shortest results. In Figure 5.5(a), these all results are displayed in text mode of eclipse
java integrated development environment (IDE). Two shortest results of Yangon
downtown area are displayed on the simulated graph as described in Figure 5.5(b). The
first shortest result and the second shortest result is described in red color and green
color on the graph. Figure 5.6 describes the comparison about the time complexity
among of the proposed CFBHS algorithm and other popular short finding algorithms
such as A star and Bi-directional Dijkstra algorithms. Threshold parameter rs is used to
define the number of local optimal results for the graph. In Figure 5.6, threshold
parameter is defined as one and ten. When the threshold value is ten, each subtree will
search ten local optimal results for the graph.
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Figure 5. 5 Finding the Shortest and Possible Routes for Yangon Downtown
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Figure 5. 6 Time Complexity of Three Algorithms for Yangon Downtown

Different value is used as the testing data for the threshold value. When the
threshold value is huge, the number of results that produce from the graph is also

large as described in Figure 5.7.
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The time complexity of the proposed method is demonstrated depending on
different amount of spatial data. Yangon bus network is constituted 84 bus lines and it
contains many nodes and edges. Bus stops are designated as the nodes of the graph.
There are 39 townships in Yangon, Myanmar. Among of them, 33 townships are
applied as the research area. It contains 1894 nodes and there are many connections
between them. The processing time of the proposed algorithm are compared on two
different data sets: Yangon downtown road network and Yangon bus network.
Although the amount of data set is significantly increased in Yangon bus network, the

time complexity is a little different after comparison is made as shown in Figure 5.8.
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Figure 5. 8 Comparison of Time complexity of CFBHS for Six Townships and 33

Townships in Yangon Region

The proposed short finding algorithm can search for both shortest and possible
routes simultaneously of a network. To get one optimal shortest route, finding one local

optimal result is enough for each subtree. However, to get more perfect possible routes,
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it needs to calculate more than one local optimal path. For example, if the threshold
parameter value rs is equal to m, each subtree will calculate a local optimal path that
varies the previous searched local optimal routes until the m time is reached. The local
optimal results will be searched from each subtree in sequentially. Therefore, the time
complexity will increase a little, when the number of subtree or local optimal results
that defined in each subtree are increased. The processing time depends on local
optimal results of each subtree in 10 times run can be seen in Figure 5.9. The proposed

algorithm can perform to chance the two purposes with a little time complexity.

Processing time (s)
o
W

1 2 3 4 5 6 7 8 9 10

number of results

Figure 5. 9 The Variance of Time Complexity depends on the Number of Results
of Each Subtree

5.2.1 Statistical Analysis of Undirected Road Network and Directed Hypergraph

Network

The network architecture of the Yangon bus network is a complex hypergraph
network and it is constructed with 84 bus lines and it contain huge number of nodes
and edges. In addition, it needs to consider in direction for network. Each node owns
many inwards and outwards edges. The proposed CFBHS algorithm, A* and Bi-
directional Dijkstra algorithms are compared about the time complexity for Yangon
downtown area. Figure 5.10 describes the average time complexity of proposed
CFBHS algorithm is better than the popular A* although the proposed algorithm uses
different threshold value. Moreover, Figure 5.11 depicts the total time complexity of
different algorithms depends on different execution times. In Figure 5.12, the

processing time is compared on different data size using proposed algorithm and the
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time complexity of proposed algorithm changes a little although the data size becomes
large.
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Figure 5. 10 Average Time Complexity for A* and Proposed Algorithm with
Different Threshold Values
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Figure 5. 11 Time Complexity among Different Algorithms depends on
Execution Time
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Figure 5. 12 Time Complexity of the Proposed Algorithm depends on Different
Data Sizes

5.2.2 Average Number of Nodes that Need to Compare for Going the Next Level

Figure 5.13 describes the number of compared nodes while finding the short
path between two nodes, node 5 and node 32 for the simulation graph that already
depicts in section 5.1. The system counted the number of times that compared among
of the nodes for going the next level to reach the destination. The number of times is
423 for start node 5 and target node 32. A* considers repeatedly the nodes in the open
list. For example, A* algorithm checks the neighbor nodes of the current node 5. The
neighbors of node 5 are node 4 and node 6. A* algorithm choses the node 4 and the

remaining node 6 is saved in the open list.

At the next line in Figure 5.13, it considers node 6 again. When the tree becomes
deep, the number of nodes in the open list will be much. Then, the comparison times
will be last. Figure 5.14 describes the situation of the nodes that need to compare using
CFBHS. In this condition, it does not need to consider the node comparison
phenomenon if the number of neighbors about current node exits only one. The number
of compared nodes is 75 for forward direction and 51 is backward direction and the
total compared nodes is 126 when the proposed CFBHS is used to search the shortest
route. Figure 5.15 also describes the statistical analysis of compared nodes between

CFBHS and A* algorithm. After analyzing the number of compared nodes, A*
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algorithm needs to compare more times than proposed CFBHS algorithm. The tree of

compared nodes in A* algorithm will be more expanded when the data set is bigger.
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Figure 5. 15 Compared Nodes between CFBHS and A* during Five Times

5.3 Performance Analysis

The performance of proposed algorithm is measured using asymptotic analysis.
It has computed the effectiveness of algorithm that measures the amount of taking time
of a function after the input is given. It does not require to calculate depend on machine
specific features such as processors, operating system and hardware. This section
describes in two parts: detailed time complexity of proposed algorithm and A* and the
next one is the comparison of performance of two algorithms for Yangon downtown

area.

5.3.1 Performance Analysis of CFBHS Algorithm

The proposed algorithm is evaluated according to four main factors: forward
and backward search, the assessment time for defining a selected node to go next level
and the total number of subtrees. Let n be the total number of vertices of the network
graph, k is the number of subtrees and m is the value that subtract one from maximum
degree value. If the shortest route length is n, the comparison time while the next level
is traversed along this route is mn. After that, the total number of compared nodes for
one subtree are mnk. It does not need to consider for both level 1 and the other level
that reach to target. Then, the current time complexity is mk(n — k). For forward and
backward direction, 2mk(n — k) will cost. Finally, quicksort algorithm is used to

choose the best one from local optimal paths from each subtree. The time complexity
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of quicksort algorithm is 0 (n)?, where n is the total number of paths that need to sort.

After that, the time complexity of proposed algorithm is O (mnk) as the worst case.

5.3.2 Performance Analysis of A* Algorithm

A* is the popular short finding algorithm and the time complexity is 0(b%) and
b is the branching factor and d is the depth. The total time complexity of A* is described
as Y& T;, where T is the time complexity for each step and d is the depth of path. In
Figure 5.16, the total time complexity is 15 after the algorithm runs three steps. At step
1, the algorithm compares three nodes, then T (1) =3 and step 2 and step 3is T (2) =5
and T (3) =7.

Figure 5. 16 Branching the Tree for Finding the Shortest Path between Node A
and Node L

The time complexity of A* algorithm differs depends on the computed routes.
However, when the route is long, this formula is not easy to calculate time complexity.
Then, 0(b?%) is applied and then the time complexity is 81 as the worst case because b

is 3 and the value of d is 4.
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5.3.3 Performance Comparison between CFBHS and A * Algorithm

The performance of CFBHS and A* is compared using Yangon downtown data
described in section 5.2. This graph contains 41 vertices and maximum degree is three
and then m value is three. Subtree value k is calculated using degree-based threshold
calculation method. The execution times of both algorithms are computed using
asymptotic analysis. The time complexity of proposed CFBHS algorithm is depicted in
Table 5.1.

Table 5.1 Detail Performance Analysis of CFBHS Algorithm

Checked nodes

k m n (n—k) Execution time
2 3 41 39 476
3 3 41 38 702
4 3 41 37 920

The total time complexity of A* algorithm is 1680 for Yangon downtown data
and the complexity is depicted as);2, T; .Therefore, the performance of proposed
CFBHS algorithm is better than heuristic search A* according to asymptotic analysis.
These two algorithms are comparing according to the worst case. Actually, these two
algorithms are faster the other classical approaches according to the experiment results

in real time.

5.4 Implementation of Yangon Bus System using Proposed Algorithm

This system uses public bus data network of Yangon Bus System. The system
applies client and server architecture. Localhost and port number “8092” is used to start
the Tomcat server. Oracle database is used at the server side and bus stop names,
latitude and longitude, road names, city name, bus line id, bus line number, point_id in
English and Myanmar language are stored in this database. Spatial data such as latitude
and longitude among of the fields are used and retrieved from database for constructing
the network graph. Two tables are created, and the first one is storing bus information
that includes both spatial data and non-spatial data and second table is storing the
distance data among of the edges by calculating spatial latitude and longitude data using

Haversine Distance Method. This method has already been described in Section 4.3.2.
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5.4.1 User Input and Bus Stop Information

User can travel within 33 townships of Yangon using public bus without paying
many costs. Over 100 bus lines are composed for travelling within the Yangon city.
This system especially focuses on seven townships in Yangon and it contains 84 bus
lines. These bus lines are constructed about 2000 bus stops and it includes many
connections between the edges according to bus lines architecture. User can input bus
stop names applying Myanmar or English Language as described in Figure 5.17(a).
User’s input bus stop names relate with latitude and longitude spatial data. The
identified number of the bus stop names are defined by bus_id in database. The
duplicated names of the bus stop are separated according to road name or township
name. Auto Keyword Searching Technique is used in the phenomenon that accepts
input data in textboxes as described in Figure 5.17(b). This supports the passengers to
view easily the related bus stop names by typing only the initial word.

POl(Routes)

ar Studies

[§§299200(c06:6[03pEs)

English Language(Routes)
MENU

(a) Searching the Routes
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Figure 5. 17 Data Input using Myanmar or English Language

The users can also search and view the spatial information of bus stops via on

a map and this can be viewed in Figure 5.18.
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Figure 5. 18 Bus Stops in Yangon Bus System

91



In addition, the users can see on the map about the nearest bus stop from current
location due to the Google map service is applied in this system. Moreover, the system
also provides the detailed bus stop information of each bus line as the following Figure
5.19. Data is collected from the Google Earth and some are composed of using popular
spatial data collecting device named Garmin Device. YRTA also support required bus
line information of buses passing within Yangon Region. Yangon Public bus network
contains over 1894 bus stops and more than one bus line is passing on each. Let assume
one bus stop as a node and then this node owns many edges due to multiple bus lines

are passing.
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Figure 5. 19 Bus Lines and Bus Stop Information of Each Bus Line in Yangon

Bus System
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5.4.2 Finding the Routes between Start and End Bus Stops

User can search the routes by clicking the English Language Routes Menu that
already described in Figure 5.17(a). Then, user can see two shortest routes as described
in Figure 5.20(a) after start and end bus stops are inserted in the textbox. And then,
each route can be clicked to view the results on the map and user can see as described
in Figure 5.21. According to this way, user can also search the bus numbers and the
system will produce the bus numbers that need to take as described in Figure 5.20(b).
According to the YRTA’s new bus line running plan, to reach the desired location, the
user cannot take many bus numbers nowadays. Generally, two transit bus numbers are

at most needed if the travel is long.

Nawaday,Kabar Aye Pagoda Road

Thamine Lan Son,Kyaik Wine Pagoda Road $ECIvCaHeo6:
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(a) Finding Routes (b)Finding Bus Numbers

Figure 5. 20 Finding Routes and Bus Numbers in Yangon Bus System
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Although the users can search the routes and bus numbers using the system,
some people do not know the bus stop names exactly. For this problem, they are
difficult to use the public bus system. The system also supports to assign the alarm
system. For the alarm sound, ring tone that included in setting of android phone system
is used. Android platform provisions “Ringtone Manager” to perceive the song of ring
tone for the people. Users can define destination bus stop name that want to ring alarm
song and this song will be played when the assigned bus stop is reached. User can
assign bus stop name by clicking “Alarm” menu in home page as described in Figure
5.22. Location based service and GPS technology is used for giving this facility for
users who apply this application.

Tadalay Statior

'". !_\' |

Thiri Mingala
Kabar Aye Pagoda

Figure 5. 21 Displaying the Route on Google Map

94



g @ 11:53

3209:(]|$p5:(Help)

JloEeomumdadEzqp:(Bus Lines)
cobse[opEsgpepdi(Routes) »
220500m:55l0d5epopdi(Bus Num..  »
323]0560:0503205:(g|0pSN (Alarm)

©0503E320:05:(All Bus stops)
MEnNU

Figure 5. 22 Home Page of System

5.5 Subjective Evaluation for Proposed System

The proposed system measured not only objective evaluation such as
asymptotic analysis and empirical analysis but also subjective evaluation. Thirty people
who live in Yangon Region participated in this survey. Fifteen inputs were used for
evaluation measures. Among inputs, four main groups are specified in evaluation
measures. The first group is measuring the accuracy of the shortest routes for different
bus lines’ colors: brown, red, blue, purple, orange and green. Each district area is
represented by different colors. The percentage of the accuracy is about 98 percent
according to criteria such as unsatisfied, satisfied, neutral, very unsatisfied and very
satisfied. The second is to know the users’ desire about measurement units for searching
the shortest routes. The system gives the information about the shortest route depending
on distance. The users were asked whether they liked to decide the shortest route
depending on distance or on the number of bus stops. Ninety percent of the users like
to decide the shortest route depending on the distance. The third one is considering the

processing time about searching the shortest routes and bus numbers for those routes.

95



The last one is considering the voice quality about the alarm system. All users like
including the alarm service but 20 percent of the users answered voice is soft. Figure
5.23 describes the condition about satisfaction of the users for the accuracy of each bus
line’ color. Therefore, the correctness for searching the shortest route is satisfied by 98

percent of the users.

100%

= Downtown Area m East District Area = North District Area

m South District Area = West Distict Area = Lines that connect
with main roads

Figure 5.23 Users’ Satisfaction in Different Bus Lines’ Color
Figure 5.24 also describes the condition about satisfaction of the users for the
processing time of searching the shortest route and bus number. When 10 users
searched the shortest route, 9 users responded that they could find it in the short time
and 7 out of 10 participants said that they could find the bus numbers for these routes
in a short time. Therefore, in the proposed system, the findings of the subjective
evaluation matched with those of the objective evaluation because the shortest routes

can be searched in the short processing time.
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Figure 5.24 Users’ Satisfaction about the Processing Time
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5.6 Summary

This chapter focuses on the experimental results of the proposed CFBHS
algorithm using two different networks: road network and bus network. Different
Evaluation Metrics are used for the proposed algorithm. These are statistical analysis,
empirical analysis and asymptotic analysis. Firstly, simulation graph for road network
is constructed using J2SE technology to be easy for checking the accuracy of the
proposed algorithm. Junction points are used as the nodes of the graph for road network.
Two shortest results can be viewed on the simulation graph. Road network does not
consider direction and it is used as the undirected graph. Cache technology is used to
maintain and get the previous information between subtrees and the queries of the
application’s users. It considers only on the neighbor nodes of the current node for
choosing the node that will go to next level to reach the target node. The proposed
algorithm applies the concept of bi-directional search, heuristic search, divide and
conquer technique and sorting algorithms. According to the experimental results and
evaluations, the proposed algorithm is faster than the A* and Bi-directional Dijkstra.
The system also compares the execution time depend on different data sizes using the
data of public bus network. Although the data size is large, time complexity increases
a little according to experimental results. Therefore, this algorithm is used to implement
the Proposed Yangon Bus System. Yangon Bus Network is directed graph and it is
complex because it is the structure of Hypergraph Network. After finding the two
shortest result for Yangon Bus Network depend on user query, the system also
calculates the transit bus numbers for these results using the Bus Number Calculation
Equations in the previous chapter. Moreover, subjective evaluation is made for the
proposed system. According to the asymptotic analysis, statistical analysis, empirical
analysis and subjective evaluation, the system can search the shortest route in a short

time. Then, chapter 6 will conclude the thesis and future research works.
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CHAPTER 6

CONCLUSION AND FURTHER EXTENSION

The system has emphasized on finding shortest and possible paths
simultaneously. Two networks are used for testing the proposed technique. The
proposed heuristic based algorithm called Combined Forward and Backward Heuristic
Search (CFBHS) is applied for Yangon Downtown Network and Yangon Bus Network.
Popular Heuristic Search Algorithm A*, Bi-directional Dijkstra algorithm based on
mature classical short finding algorithm and proposed CFBHS algorithm are compared
according to statistical, empirical results and asymptotic analysis. According to the
experimental results, the proposed technique produces the results in a short time and it
is faster than other popular short finding algorithms. While A* and Bi-directional
Dijkstra Algorithm can produce the single result, the proposed algorithm can get not
only the shortest but also possible paths concurrently.

According to the network nature, two features such as static and dynamic about
the network graph can be defined. Although the static network can prepare the required
information about the geospatial distance values between two nodes before the
processing is made, dynamic network needs to calculate the distance values
dynamically during the processing time because the distance values can change
according to network nature. The proposed algorithm finds the heuristic values
dynamically while the shortest route is searching without pre-storing the estimated
distance values. It does not require a long pre-processing time for getting the heuristic
information. Moreover, it does not need to consider all nodes in the open list and it can
reduce duplicated node considering problems while choosing a node of the next level
to reach the goal. It considers the neighbor nodes of the current node while it traversing

the graph.

The system develops two networks: the first one is Yangon Downtown Road
Network and the second is Yangon Bus Network. The junctions of the road are
considered as nodes and the simulated graph is developed using Java Standard Edition
(J2SE) programming language. The shortest and possible paths can be easily traced
whether the output results are accurate or not on the simulated graph. Yangon bus

network dataset is used for finding the two shortest result and this is developed using
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client and server architecture. After finding the shortest results, the system produces the
bus numbers for each route using transit algorithm. Yangon bus network is directed
graph and it needs to consider two ways for the road. Bus stops are assigned as the
nodes and these bus stops are passed by different bus lines. Each shortest route can be
viewed on google map of mobile phone using Google API technology.

The system deliberated many related works such as Partitioning Techniques,
Shortest Path Algorithms and Time Comparison among shortest path algorithms. There
are many shortest path algorithms. These are Genetic Algorithm, Classical Mature
Shortest Path Algorithms, Heuristic Search Algorithms, Forward Changing and
Backward Changing Strategies, Tree or Graph Traversing Algorithms such Breadth
First search, Depth First search, Best-First Search, Uniform Cost Search and Hill
Climbing Search. Google Play Services, Google Play API, Location Based Services,
Google Earth and Open Street Map are used in this system for collecting geospatial data
and to show the spatial data on google map.

This system also described the detailed works of the shortest path algorithms:
Dijkstra Algorithm, Bi-directional Dijkstra Algorithm and A* Heuristic Search
Algorithm. There are many distance formulae such as Manhattan Distance, Diagonal
Distance and Euclidean Distance in the heuristic search. Among of these distance
formulae, the system used Euclidean Distance formula because it is the shortest time
for calculating the distance between two nodes. In addition, the expertise according to
the reviews and the works of these algorithms are discussed in this system. It also
discusses the spatial data of Yangon Bus Network, Data Storage and detailed work of

the proposed CFBHS algorithm together with working example and pseudo code.

The experimental results and evaluations according to statistical analysis,
empirical analysis and asymptotic analysis are designated in this system. In addition,
the people can use the proposed system on android mobile phone. The subjective
evaluation was made for the proposed system. The system produced the two shortest
routes together with bus numbers. These results can be viewed on the google map and
users can use two languages: Myanmar and English. Results are described using three
units: kilometers, minutes and number of bus stops. Keyword search technique for both
two languages: Myanmar and English can be applied in this system. SAX parser was
used instead of DOM parser in the proposed system because SAX parser used event-

based API. This parser cannot parse the whole document to retrieve the bus information
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from XML file. The system gave the alert message when the destination bus stop is
reached. Location based services, Google Play services and GPS technology is used for
giving the alarm message. Users can use the alarm service as offline service but they
need to turn on GPS on their android mobile phone. So that, the system can catch up-
to-date spatial point such as latitude and longitude when the mobile phone’s user is

moved.

6.1 Limitations

There are some limitations in the implementation of the system. 84 bus lines are
applied for Yangon Bus Network. Local Java 2 Enterprise Edition (J2EE) tomcat server
is used. The weight of the links is considered as distance in static. Some bus stop names
are stored by pronunciation (Myanmar language) in Myanmar and it can be a little
difficult for foreigners to understand. Bus network architecture is changed in 2017 and
it is not fixed certainly in current. It can also occur bus line and travel cost changes. To
get the updated information about bus lines and bus management is needed because

YRTA can change bus architecture in present situation.

6.2 Further Extension

The system proposed a new short path finding algorithm. It uses the divide and
conquer approach. The Large tree is divided into small subtrees. The local optimal
research has been searched from each subtree and finally global result is searched using
quick sort algorithm. Each subtree works separately at finding the results and each run
the processes one after another. The proposed algorithm can modify in future using
parallel processing technique to get better performance than efficiency in current.
Moreover, cloud server can be used instead of using the local server. Public bus
transportation system developed on mobile phone, especially focuses to find two
shortest routes and to give bus information about direct and transit ways for each route.
As a future job, other factor can be considered while giving the bus information. These
are the waiting time at bus stop, the time to walk to reach the bus stop and the arriving

and departure time of the bus.
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