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Abstract

Transportation is one of the most development factors in Sri Lanka recently. Therefore it
has also become the basic area for conducting research. Common classes of traffic
engineering and transportation planning problems revolve around the estimation of an
Origin-Destination (O-D) matrix for a road network. The O-D matrix is estimated using
traffic counts on the link and interview data conducted by the Transportation Engineering
Division at University of Moratuwa and Road Development Authority.

Much needed information are available in past O-D surveys conducted by both institute
regularly but not consistently carry out O-D surveys for different project purposes. As no
proper methodology is available for updating existing information (O-D data) and due to
the difficulty of combining different O-D survey results easily, time and money is
unnecessarily spent on collecting data over and over again. Sampling is one approach

used to survey the origin-destination (O-D) trip matrix. However, when the sampling rate

IS not sufficiently | | to tl lation, tl ling data may have missing
values in mi’ and Ithat “makés! the (O<DUMmatrixOincomplete There is no proper
repositor »sgfet’;* fo store-these data sources: Besides; Preparing at matrix manually
from all &ved data 'set by preventing the dle size issues is

another disadvantage.

This research introduce a GIS based systematic model by extending network analysis
features of ArcGIS 10.1 and Arcobject to generate O-D matrix by minimizing the
double counting error. In addition to them the system provide the facilitate to manage
and maintain the all past O-D information, getting them updated regularly with new O-D
data and updating the O-D matrix and retrieve it by integrating with Database
Management System . The model is expected to provide the suitable method for locating
places for new O-D survey through the concept of minimum path and step-wise circular
method. In addition, the system is introduced to provide statistical and analytical outcome
from current and past data including traffic flow and usage of travel mode, distribution of

trip, and attraction of trip in divisional secretary areas.
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CHAPTER 1

1.0 Background and Introduction

1.1 Introduction

The accuracy of the modeled traffic situation depends on the quality of the available
information, and how this data is combined and weighted from different sources. The
travel demand is a key component and nearly every traffic model requires a table
specifying the travel demand between different places in the network. Such a table is
called an Origin—Destination matrix or OD-matrix for short; synonymously used
terms are trip table or (origin—destination) trip matrix [39].In developing countries,
changes in the land-use and economic state of affairs require momentous
transportation planning. One of the most crucial requirements for the transportation
planning is on arriving at the traffic pattern between various zones through Origin-

Destination matrix (ODM) estimation. Traditional methods of estimating ODM are

through larae scale samnled survevs like home interview survevs 381

Transport sy&t&Rs plannipg-and desigping.are hased op the app n of systems of

transport simeation models| iWwhoset foretk: s-of-fit strongly
influence the results and the quality of the planned/designed interventions. The

implementation of a reliable and effective system of models should be based on the

disaggregate estimation of each model component (supply, demand, assignment). [40]

Nowadays Sri Lanka is focused on the development of urban expressways and they
are becoming the mainframe of the road system, especially for automobiles, entirely
closed and access controlled. As the artery of the urban transportation and economy,
urban expressways connect the main roads and the radial roads, gathering and
distributing the traffic in central area and connecting the urban and suburban areas.
The traffic flow features in trip distance and space on the expressway are the
important basis for reducing traffic jams, ensuring the traffic service level in the city
center and evaluating the transportation investment performance. Therefore, the

origin—destination (OD) information of the expressway is of much importance.



1.2 Motivation and Background

Transportation is one of the most development factors in Sri Lanka recently.
Therefore it has also become the basic area for conducting research. Transportation
Engineering Division at University of Moratuwa is such an institute in Sri Lanka that
contribute in many research on Transportation. In addition they have the
responsibility in getting decision and conclusion and planning of future development
of Transportation in Sri Lanka. Most postgraduate research and other projects are
maintained by the Transportation Engineering Division.

Much needed information is available in past O-D surveys conducted and
institutions such as Road Development Authority and University of Moratuwa
regularly but not consistently carry out O-D surveys for different project purposes. As
no proper methodology is available for updating existing information (O-D data) and
due to the difficulty of combining different O-D survey results easily, time and money

IS unnecessarily spent on collecting data over and over again. The worst case is that

estimation of ¢ . y m; ‘ors. Sometimes
the data cgme ger and complex leads o face inconveni 1 analyzing and
estimations: ﬁoc the, traffie. counts. in S normal manner
for indi\ nce The Traffic

counts are based on these surveyed results and the worst case is the estimating O-D
matrix with manually from traffic counts. Therefore proper methodology of
estimation of O-D surveys and updating with existing information is needed. These
problems affect to the transportation development of the country indirectly. Therefore
a system is highly required to maintain the O-D data and estimation of O-D matrix by

minimizing the errors cause it.

1.3 Aims & Objectives
Aim

The Aim of this project is to development of GIS based extension which is capable to

manage road side surveyed data and estimation of O-D matrix using them by



minimizing the double counting errors. The features of GIS application are extended
to estimation of the O-D matrix whereas graphical information is provided to with the

other features of the GIS application.

Objectives

v Provide a methodology to eliminate inconvenience of management of raw
data.

v An algorithm to estimation of O-D matrix for removing the double counting

errors to eliminate the difficulties in manual estimation.

v" Provide the graphical environment to represent important function that can be
obtained from the raw data.

v Introduction of a method of selecting best location for conducting O-D

Sl insovie nffininanthvy anAd affarntivinlhy

v Provi@editn anabytiealn envifopmentfon takdng, desisi 1 transportation
planrifie:

1.4 Proposed Solution and Methodology

The proposed solution can be addressed as the development of management system
for storing, manipulating, displaying of O-D surveyed data and use of the Network
analysis features and other features to estimation of O-D matrix of them by
considering the minimum path distance provide interactive map visualization and
estimate the suitable location for new O-D survey. The development process went

through the basic steps in incremental and iteration development process.

The first phase describes the preliminary analysis stage where the current domain was
analyzed and identified the main scope of the problem domain. The Object Oriented
and Analysis methodology and Techniques were proposed for deriving the functional

and information mode. This phase provides the feasibility and the functional and non-



functional requirements for the system in addition the relevant materials for

development of geographical Database was identified.

The second phase was to design of the functional and information model. The Object
Oriented designing techniques was proposed to use for designing of the System from
bottom to top. Every process was able to document and emphasize the functions for
implementation model. The Entity Relationship model was proposed to model of the
information for maintaining the surveyed data. The more information about the

applicability of mentioned technology will be discussed in the technology chapter.

The third phase is the implementation phase. The main idea of this phase is to develop
the model with the suitable programming language. Use of proper Integrated
Development Environment was proposed as the visual studio IDE. For more

information about this will be discussed in Technology Chapter.

The final phase was to operational and maintenance in which the system is put into
some test for‘yerification and validity-angd integrated with the relevant component.
O
1.4.1 Users and Fungtignal requirements proposed
The proposed;olution Is expected to function with three deferent users. The following

table describes the basic function that was expected from the new system.

User Tasks Features proposed

Administrator Manage Database(1) Separate module to
add/delete/update road
survey information

Maintain Survey | Separate  module  with
reports(2) features to connect with
file server and
upload/download and

manage survey reports




Manage Users(3)

Separate module to
add/delete/update users and
their privileges.

Manage new survey entry
sheets (4)

Separate module with the
features of add new survey
sheets

Configure basic settings

()

Separate  module  for
Setting ftp and database
server address information

Reconfigure and Update
the O-D matrix with

Use a network analysis
component  features to
dules

Analytical Estimations(7)

Separate modules for each
analytical estimation like
travel mode behavior on a
link. Minimum  path
estimation, trip
distribution, trip attraction,
charts.

Department Users

Manage new survey entry
sheets (4)

Same modules as
Administrator

Configure basic settings

(®)

Same as mentioned in
Administrator




Maintain Survey
reports(2)

Same modules as
Administrator

Reconfigure and Update
the O-D matrix with
current data.

Same as in Administrator

Normal Users

Analytical Estimations(7)

Same as in Administrator

1.4.2 System requirements

Table 1: Users

The followings were identified as the Basic System Requirements for the Proposed

Solution g"}

o Co?éi? processors with 180GB capacity (for File Server ) and 4 GB RAM

e Corei7 processors Computer with at least 80 GB (For primary database
server) and 2 GB RAM

e Corei7 processors computer with 4GB RAM (Client Requirements )

e LAN Network Infrastructure




CHAPTER 2

2.0 Literature Review

2.1 Introduction
The ODM (Origin Destination Matrix) estimation models can be categorized as static

and dynamic based on its application. In static methods the traffic flows are
considered as time-independent and an average O-D demand is determined for long-
time transportation planning and design purpose. Whereas from last two decades
different dynamic approaches are proposed which are meant for short-term strategies
like route guidance, traffic control on freeways, intersections etc. A static ODM
estimation problem does not consider the time-dependent traffic flows and is assumed
to represent a steady-state situation over a time period. The average traffic counts are
collected for a longer duration to determine the average O-D trips.

|n|t|a||y the researchers tried to relate the trin matrix as a function of models (||ke

thegravity med: Vith iretatett pardmetersaiSome. df1thé raska s like Robillard
(1975),Hogheeg/ (1 976)! Gsdd Gravity (GRS medel ased apprase 1d some (Tamin
and Wil 1¢nn - V9 ettt Y2003 |ty (GO) based

models for estimating ODM. These techniques require zonal data for calibrating the
parameters of the demand models. Several models have been presented in order to
estimate or to update ODM from traffic counts for the networks without congestion
and with congestion effects via parametric estimation techniques like; Maximum
Likelihood (ML), Generalized Least Squares (GLS) and Bayesian Inference (BI).

The ODM estimation methods developed for networks with no congestion effects
basically assume the route choice proportions and are independently determined
outside the estimation process. For such networks Bayesians inference based
approach has been first introduced by Maher (1983) for the ODM estimation. GLS
estimator based approach has been studied by Cascetta (1984), Bell (1991a) etc. Bell
(1991a) solved the GLS problem subject to inequality constraints and presented a
simple algorithm but its application on real network has not been found in literature.
Bierlaire and Toint (1995) proposed an ODM estimation method, called the Matrix
7



Estimation Using Structure Explicitly (MEUSE), considering the information
obtained from the parking surveys. Maximum likelihood based model is studied by
Spiess (1987), Cascetta and Nguyen(1988), Hazelton (2000) etc. Two classical
inference approaches; the ML and the GLSmethods are derived and contrasted to the
Bayesian method by Cascetta and Nguyen(1988). In all these studies, the link choice
proportions used are estimated from the traffic assignment (TA) model and are
assumed to be constant which may not estimate a dependable matrix. In consequence,
Lo et al (1996) incorporated the randomness of the link choice proportions and
discussed both Maximum likelihood and Bayesian approach for the estimation of the
ODM by testing with a small network. Liu and Fricker (1996) introduced a stochastic
logistic model for calculating driver’s route choice behavior but it has certain
drawback like all the link counts are considered to be known (further refer Yang et al,
2001). Lo et al (1999) extended the approach of Lo et al (1996) and developed a
coordinate descent method using the partial linearization algorithm (PLA)for
obtaining the optimum estimates and solved the new approach for large networks.
Hazelton (20( , normal (MVN)
likelihoc al?'p{(, ation and GLS techniques_and found that MVN method
performed better

Hazeltor ODM problem
based on BI, defining the estimation, prediction and reconstruction problems as a
‘reconstruction’ problem estimates the actual ODM occurring during the observation
period, an expected number of O-D trips is obtained in ‘estimation’ problem and
future O-D trips are obtained in ‘prediction’ problem. It has been shown that the
estimation and reconstruction problems are different. There are some more studies
(Hazelton, 2003; Van Aerde et al, 2003; Li, 2005, etc.) based on statistical
approaches. Some authors included congestion effects in the estimation problem in
which the dependence of the link costs, path choices and assignment fractions on link
flows is considered. Equilibrium assignment approaches are particularly adopted for
such cases.

Nguyen (1977) first introduced the equilibrium based approach to estimate ODM
through a mathematical programme (refer Leblanc and Farhangian, 1982). Also Yang
etal (1994), Cascetta and Posterino (2001) and Yang et al (2001) solved the trip

8



matrix estimation problem including congestion effects by considering different TA
models. Cascetta and Posterino (2001) considered SUE assignment as a fixed-point
problem whereas Yang et al (2001) considered the same problem of Liu and Fricker
(1996)(developed without considering congestion effects) and proposed a non-linear
optimization model (considering a weighted least square estimate) for the
simultaneous estimation of the ODM and travel-cost coefficient based on the logit-
based SUE model. For solving this non-convex optimization problem a successive
quadratic programming (SQP) method (which is a descent-feasible direction
algorithm solving KKT solution) has been used. Further, Lo and Chan (2003) with
SUE principle (multinomial logit model) estimated both the dispersion parameter g in
multinomial logit model and the trip matrix simultaneously using Quasi-Newton

method.

2.2 Discussion on reviews

Most the approach of the researches is based on the statistical methods. Some
approaclﬁ nrevridne tha Aieadhvinntanne DAahillard /107K UUAanhavrs 71 075) used Gravity
(GR) mc bac pproachesianddsormen(Tamin san i lluinisen, 39; Tamin et al,
2003) used é@\/zt Opportlkity{ GOY-based¥motéelstforlestima )DM. The main
drawback of the ity model" 1s that it Cz sy external trip.
These Gravity models are highly depends on the fact of quantity of people on
particulars zone. In Sri Lanka some part of area in north this method cannot be
applied due to unavailability of people some area, and also the trips generated from

that area are not much concern on the people live on those zones.

The ODM estimation methods developed for networks with no congestion effects
basically assume the route choice proportions and are independently determined
outside the estimation process. The link choice proportions used are estimated from
the traffic assignment (TA) model and are assumed to be constant which may not
estimate a dependable matrix when conducting the surveys for different purposes on
the same area, there is a problem accumulating double counting errors when
considering trip assignment model as a constant. The Trip assignment model should
be variant. Some authors included congestion effects in the estimation problem in
which the dependence of the link costs, path choices and assignment fractions on link
9



flows is considered. The objective function considered is a likelihood function. Most
of the above developed models are found to be tested using small networks. And the

models do not assure their applicability for large real size congested networks.

No research has been for systematic level of generation of O-D matrix for use it in
decision making. The trend GIS technology is a suitable choice of visualizes the
results, rather than complex data structure and analytical estimation for decision
making. Most analytical results are based on the assumptions, but this will reduce
when the results are visually convenient for analysis. Therefore the GIS can be used
as the best solution approach for traffic based research. The application of GIS
features can be used for the creating of Trip assignment model and choose of the route
estimation. There must have automation approach rather than statistical for
maintainability of the surveyed data. This fact has not discussed on these reviews and
this paper provides not only the estimation, but also the development of system for the

road side data

S A
e 4
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CHAPTER 3

3.0 Technology

3.1 Introduction
The ArcGIS network analysis extension allows building a network data set and

performing analysis using them. The current road network of Sri Lanka (class A, class
B and roads in Colombo municipal Area) can be modeled to build the road network
dataset. The Network Analyst toolbox contains tools that perform network analysis
and network dataset maintenance. With the tools , network datasets can be modeled
and perform route, closest facility, service area, origin-destination cost matrix, vehicle
routing problem, and location-allocation network analyses on transportation networks.
It can use the tools in this toolbox whenever you want to perform an analysis on a

transportation network.

3.2File Server Configuration
In ordel e file server is

IaA E T o

configur «gﬂ?la The server can
be integrated with fstem through It reports. There
are man ee vs based server
package Operating System like windows 2003/2008 etc. The authentication is
required to connect with the file server. Golden FTP Server is one of the free software
can be run in windows environment and can easily be maintained. This Server
Software is proposed due to the simplest usage and can accommodate desired

functionalities.

3.3 Development of integratedsystem

The introduction of Arcobject provides the capability for developing intergraded
system with ARCGIS 10.1 .The proposed system is planned to develop a tool by
extending the features of ARCGIS. ArcObijects is a library of Component Object
Model (COM) components that make up the foundation of ArcGIS. To work with
ArcObjects in the .NET development environment, a collection of .NET primary

interop assemblies (PIAs) and COM object libraries have been generated to manage

11



.NET-COM interaction. ArcObjects components are installed with the ArcGIS
Desktop, ArcGIS Engine, or ArcGIS Server products and can be used in a number of
ways. Object oriented concepts, software engineering techniques and incremental

software development process are well fit with Arcobject programming environment.

3.4 Database management system

Microsoft sqlserver was proposed for implementing the road side survey database.
The relational database management concepts and entity relationship diagram
concepts were used as the fundamental for development of the database. As a

summary The Followings were technically used tools in Implementation

e

€

Visual studio.net 2010 with ArcObject.Net 10.1
ArcGIS 10.1

Rational Rose 2004

Ms SQL Server

e

€

A X4

A X4

The more infe qn . ahout these, technical tools will pe, disc 1 in technology
chapter. g“m

3
y

12



CHAPTER 4
4.0 Methodology

4.1 Introduction

As mentioned in earlier chapter the main aim is to develop integrated system to
overcome problem of management of road side survey data and estimation of Origin
Destination the selected domain by introducing new features. The following describes

the main approach.

a. Study of the Current System and Domain analysis
b. Requirement and Technology Specification

c. Design of the Network Dataset

d. Implement of Database

5 Natei o design  \ g the, <intergrads system  and
€T

E3n

amnenialon . {1efatlon Progess)

4.2 Study of the

The main deliverable of this objective is to clarify the problem domain scope for the
proposed solution with basic functional and non-functional requirements. Most
common fact funding techniques like questionnaires, field visiting and interviews
were conducted to achieve them. Some of them are informally done. Study of all

fundamental theories and other estimation and calculation modes are sub objectives.

4.3 Requirement and Technology Specification

The main deliverables of this objective is to finalize the all the functional
requirements and then to specify the system requirements for the solution. The
technical requirements and resources were specified to suite with the final solution.
The following Table describes how these Technologies used in developing the final

system through main objectives.
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Objective Technology Technology Deliverables
Usability
Analysis /Design of | Object  Oriented | OOAD is the most | Use case diagrams
Process Model Analysis and | suitable to abstract
Design, UML |the real world | Activity diagrams
Standards things and process

directly in to the
solution and The
UML standards is

fundamental

diagramming tool
are used in
designing the
process. These
technalodies [ help
i identifying
business  entities
and business
process of the

manual process and
their  relationship.
The capability of
implementation of

the model through

Object  Oriented
language IS
applicable

Sequence
[/collaboration

diagrams

Package diagrams

Component

diagrams
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Data Model Design | EER modeling | The features of | EER Model
and Implementation | techniques  and | easily generate of
relational database | the relation | Road Survey
Management database can easily | Database
System help to implement
the traffic database
for the relational
database
management  like
SQLSERVER
Software  Modules | Visual Studio.net | The Ul Component and
Development  Final | yith  ArcObject | implementation Implementation
Deployment SDK part includes | Components.
,ARCGIS10.1 design of interface
and relevant goding
{3 oF [Bachermotiies
And also extending
network  analysis
component
Distribution Reports | VB.net built-in | Pie, line, category | Vehicle
component charts were used to | Consumption
help in analyzing Chart,
some of the Trip | Hourly Traffic

counts

Distribution, Trend
Line

Table 2: Usability of Technology
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CHAPTER 5

5.0 System Architecture, Analysis and Design

5.1 Introduction
The identification of system architecture, main analysis and Design procedures are
being worked on the fundamental of Object Oriented Analysis and Design with UML

standards. The Design Parts are being preceded through following sub categories.

5.1.1 Top Level Architectural Diagram

b

It is a visual depiction of a system. An architecture diagram in “system architecture’
is typically a technological set-up, either various computer components working
together, or steps in a software process working towards a specific end result. The
point of a system is that multiple single steps are put together in a process to result in
a certain end goal; a system architecture diagram simply shows those steps in a visual
way. The Top level diagram and the details description of the current system are

included in app

o
=5

5.1.2Use case diagram

A use case diagram in the Unified Modeling Language (UML) is a type of behavioral
diagram defined by and created from a Use-case analysis. Its purpose is to present a
graphical overview of the functionality provided by a system in terms of actors, their
goals (represented as use cases), and any dependencies between those use cases. The
main purpose of a use case diagram is to show what system functions are performed
for which actor. Roles of the actors in the system can be depicted. A use case is drawn
as a horizontal ellipse on a UML use case diagram use case names begin with a strong
verb, name use cases using domain terminology, an actor is a person, organization, or
external system that plays a role in one or more interactions with your system
Associations are depicted as lines connecting two modeling elements with an optional
open-headed arrow head on one end of the line indicating the direction of the initial

invocation of the relationship. Apply<<include>> when you know exactly when to
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invoke the use case .Apply <<extend>>when a use case may be invoked across

several use case steps. Please refer to appendix B for use case diagram of The System

5.1.3 Use Case Specification

The Use case Specification provides more details view of each use case regarding to
each Actor. It should include the basic introduction of the use case, flow of events,
and alternative flow of event, post condition and pre conditions. The basic
introduction part explains the use case and its main functions. The flow of events
includes basic activities in that use case. The alternative flow of event describes the
possible activities if some problem occurs at the main flow of event. Finally the pre-
condition describes what are the constraints for fulfillment of doing the activities of
the use case while post condition describes what constrained should be added after
complete the activities of the use case. The following describes three main
specification of use case in the system. Please refer to the Appendix B for other
specifications.

5.1.3.1 Mandage Inforenation

e

Basic DesciipHon

This Use Case describes the flows of evenis of how to enter new conducted O-D

Entry basic information in to the database through system defined survey entry sheet.
Flows of Events

e User selects the O-D Category regarding to the conducted survey sheet. (Each O-
D survey Entry should have number).

o If already have records for the location the survey sheet is then new Information is
maintained as future-update state such that in the future the O-D matrix will get
updated with this information. Other keep it as for-update state as O-D matrix will

get updated with this new data
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5.1.3.2 Manage O-D Survey

Basic Description

This Use Case describes the flows of events of how to enter a new conducted O-D

Entry survey sheets in to the database through system defined survey entry sheet.

Flows of Events

e Select O-D No of the survey corresponds to the link number.
e Load the other generic information

e Enter the other relevant information in to the respective fields
e Set Origin and Destination

e Save the record
Alternative Flows

o ASS lecting the location to
the v trf%‘?@ea ks s

Pre-Cont

e The User should be logged as Administrator or Department user.

e The Map should have loaded to the ArcMap document
Post Condition

o The data are in for-update state until the Administrator update the O-D matrix

with this information

5.1.3.3 Generate O-D Matrix

Basic Description:

This Use Case describes the flows of events of how to generate and display O-D

matrix

18



Flows of Events

e Prepare the each O-D pair that are in for-update state

e Eliminate the Error on The O-D Pair

e Calculate the minimum path of the selected pair and get the route information get
the increment the trip counts between zones (Divisional Secretary area )

e Return the first and select another O-D Pair.

Alternative Flows

e The O-D pairs that are in future-update are modified with old records using

computing growth rate factor with old records.

Pre-Condition

e The User should be logged as Administrator or Department user

e Thel

O\
W

Post Conditi

o

The data that were in for-update and future-update state are now changed to the
updated state (old O-D records)

5.2 Activity Diagram
Activity diagrams are graphical representations of workflows of stepwise activities

and actions with support for choice, iteration and concurrency. An activity diagram
shows the overall flow of control. Activity diagrams are constructed from a limited
repertoire of shapes, connected with arrows.

The most important shape types:

rounded rectangles represent activities

diamonds represent decisions

bars represent the start (split) or end (join) of concurrent activities

a black circle represents the start (initial state) of the workflow
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The following diagrams shows three basic activity diagrams of a work flows. The
Activity diagrams give more visual representation of the use case specification. Please

see the appendix B for other diagrams.

5.2.1 Manage O-D Information

Upieetsity, of Moratuwa,
Electfonic Theses & Di

Figure 1: Manage O-D Information
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5.3.2 Manage O-D Survey

Load Cther Generic
Information

Vv
Enter the Other
relevant infformation

Set Origin and
Destination

/ Sawe the )
_ Record ,

Figure 2: Manage O-D Survey

5.4 Package Diagram

A package diagram in the Unified Modeling Language depicts the dependencies
between the packages that make up a model. A package is collection of classes that
have common features. There are two packages were identified in the solution. Please

refer to the appendix B for the system package diagram.
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5.5 Class Diagram
In software engineering, a class diagram in the Unified Modeling Language (UML) is

a type of static structure diagram that describes the structure of a system by showing
the system's classes, their attributes, and the relationships between the classes. Pleas e

refer to the appendix B for system class diagram

5.6 Sequence Diagram
A sequence diagram in Unified Modeling Language (UML) is a kind of interaction

diagram that shows how processes operate with one another and in what order. It is a
construct of a Message Sequence Chart. The following figures describe the sequence

diagram for the scenario of adding new O-D survey details and O-D survey data.

5.7 Component Diagram
A component diagram in the Unified Modeling Language, depicts how components

are wired together to form larger components and or software systems. The system
can be implemented as several implementation modules called components. Some
components, éjepend on the-other component and“all~get t6" gather to build the final
system. The détalls description of all components in current system is described at
|mplementat|0n chapter. The following Table gives some overview about the

component in the system.

Component Task Dependancy

File Access Provide Secure Coonection | -
with file server and the run
file Operations

OD Information Manager | Provide the facilities to | Data Access
manage new oD
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information

Data Access Provide connection to the | -
database

OD Survey Manager Manage of New OD | Data Access,File Access
Survey Results

o Calculate the Traffic

Trip Distribution manager Distribution from particular Data Access
Divisional secretary area
with graphical visualization

Trip Attraction Manager Calculate  the  Traffic | Data Access

attraction onto a particular
Divisional secretary area
with graphical
visualization

Trip Counts Qo Road

Provide- Trips._on Selected

Data Access

() roads__, with _ graphical
= visualization
Trip Counts On minimum | Calculate the minimum | Data Access

Path

path between two nodes
and traffic counts on the
path and Travel modes
variation in graphically

Download

Provide
download,
manage
server

the facility to
upload and
reports in the

Data Access,File Access

Minimum Path Founder

Calculate and Display the
Minimum Path Between
two junction
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Configuration Seetings Enviornmental ~ Varaible
Seetings for the
application

O-D Matrix manager Generate  the  Origin | Data Access
Destination Matrix and
reupdate O-D matrix with
new details

Table 3: Users

5.7 Component Specification

5.7.1 File Access

The main purpose of this module is to provide the functionality to connect with the
file server and create a stream. from source to destinatiop. A stream is flow of data
from one pl‘@-‘»to another, This companent {s-just a library component. Library
component mgans this,cannat ke +4n but seme properties can be used. This gives the

functionality to download and upload of files.

5.7.2 Data Access
The main purpose of this module is to maintain the secure connection with the

Database and provide the service to select, retrieve, analyze data .The database
consists of tables whose schema was generated by the concept of Entity relationship
diagram and Relational Database Management. The Sqgl server is high powerful

Database that provides the facility of procedures, triggers, function, indexing etc.

5.7.3 Download
The main purpose of this module is to giving the facility to download and uploading

of reports as necessary. The component will also provide the list of files relevant to
the each O-D survey with information. The module depends on the file access module

for accessing the database.
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5.7.4 O-D Information Manager
The main purpose of this module is to provide the facility to manage the O-D survey

detailed information. Before adding a new survey the basic information regarding a
particular OD survey is important such as name of the survey, project associate with,

date of started, type of the survey etc.

5.7.5 Project
The main purpose of this module is to provide to facility to input new project details.

Normally O-D surveys are done for partly needed for a project. Therefore the project
details are essential to store.

5.7.6 Trip Distribution Manager
The Main purpose of this module is to provide the facility to estimate the trip

generating from a Divisional secretary area to the other divisional secretary areas.
This estimated value represent as tabular forma and by graphically. The X axis being
the Divisional Secretary area number while Y axis is the Trips. This component
depends

5.7.7Tr A%Trg“ac nMahagen

The Ma dﬁfbr of Vihis. I dulel. i3Ctok stimate the trip
generating ioim other Divisional secrelaiy area 10 a paiticular divisional secretary
areas. This estimated value represent as tabular form and by graphically. The X axis

being the O-D Matrix manager and Data access manager.

5.7.8 O-D Matrix Manager
The main purpose of this module is to process of generating, updating and displaying

of O-D matrix. In developing of the matrix the elimination of error for double
counting concerned and with the assumption of that each trip is covering the optimum
minimum path. The Matrix is two dimensional. This component depends on the data

access component.

5.7.9 Trip counts on road
The main purpose of this module is to estimate the traffic counts on each of the links

associate it. The traffic counts for each of the link are shown on a table and it will also
25



display on a separate chart. This component depends on the O-D Matrix manager and

data access component.

5.7.10 Trip counts on minimum path
The main purpose of this module is to estimate the traffic counts on each of the links

associated on the minimum route from origin to destination. The traffic counts for
each of the link are shown on a table and it will also display on a separate chart. This

component depends on the O-D Matrix manager and data access component.

5.8 ER Diagram
An entity-relationship (ER) diagram is a specialized graphic that illustrates the

interrelationships between entities in a database. ER diagrams often use symbols to
represent three different types of information. Boxes are commonly used to represent
entities. Diamonds are normally used to represent relationships and ovals are used to
represent attributes. Since the proposed solution is expected a database, An ER model

for proposed to the current system is described in details at appendix B.
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CHAPTER 6

6.0 Implementation

6.1Introduction

This Chapter provides the details of implementation and Testing that are done by each
component. The Implementation and Deployment was highly dependent on the tools
regarding to the technology which was proposed in earlier chapter. The Testing is

more important to make sure that all expected functionalities are achieved as desired

6.1.1 Hardware and Software Supported for Implementation

e Corei3 processor computer with 4 GB RAM and 160 GB of Capacity

In the Development Environment there should have a high speed computer with high

Random Access Memory. ArcGIS is software that needs high consumption of

memory in ope | the C _ vork 4.5 should
work in :gﬁ?p itial environmept to use system functions fc application. The
operatiol f‘br \atkixgeneration »takes st corei3 multi
processo _ _ \ are more than 8

modules and each has to be implemented and Test separately high speed processor
also needed. In addition having 160GB potential secondary memory will assist to

effective use of virtual memory at operation

e ArcGIS10.1

Esri's ArcGIS is a geographic information system (GIS) for working with maps and
geographic information. It is used for creating and using maps, compiling geographic
data, analyzing mapped information, sharing and discovering geographic information
using maps and geographic information in a range of applications, and managing
geographic information in a database. The system provides an infrastructure for
making maps and geographic information available throughout an organization,

across a community, and openly on the Web.
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e ArcObject.Net development

ArcObijects is a library of Component Object Model (COM) components that make up
the foundation of ArcGIS. To work with ArcObjects in the .NET development
environment, a collection of .NET primary interop assemblies (PIAs) and COM
object libraries have been generated to manage .NET—COM interaction. ArcObjects
components are installed with the ArcGIS Desktop, ArcGIS Engine, or ArcGIS

Server products and can be used in a number of ways

e To customize the ArcGIS Desktop applications
e To build standalone mapping applications

e To develop Web applications

This software development kit (SDK) for developing with ArcObjects in .NET will
assist developers in writing their applications by providing best practices, conceptual
documentation code sections, and samples. If you are new to ArcObjects
developmentg.y‘,ou should first determine what typé of-appticationyou need to build to
address you: problem This topic presents,the different development options and will

point you in the right direction.
e Golden FTP Server

Golden FTP Server is a free personal FTP server for Windows. It is extremely easy to
use and can be run by any person who has the most basic computer skills. The
program loads automatically on Windows startup and you can identify the files you
want to share with two mouse clicks via the dialog window that works in the same
way as the standard Windows "Open File..." dialog or via the Windows Explorer
context menu. Golden FTP Server was used as service tool for configuring file server

for the system.
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e MSSQL Server

Microsoft SQL Server is a database management and analysis system for e-
commerce, line-of-business, and data warehousing solutions.

e Visual Studio.net

Microsoft Visual Studio is an integrated development environment (IDE) from
Microsoft. It is used to develop computer programs for Microsoft Windows, as well
as web sites, web applications and web services. Visual Studio uses Microsoft
software development platforms such as Windows API, Windows Forms, Windows
Presentation Foundation, Windows Store and Microsoft Silver light. It can produce
both native code and managed code. Visual Studio includes a code editor supporting
IntelliSense (the code completion component) as well as code refactoring. The
integrated debugger works both as a source-level debugger and a machine-level
debugger. Other built-in tools include a forms designer for building GUI applications,

web des | . desig ots plug-ins that
enhance MC ality at almost_every leyel, includipg add port for source-
control ¢ *ea::s like, Subversion) .and.add itors and visual
designer ¢ of the software

development lifecycle (like the Team Foundation Server client: Team
Explorer).Visual Studio supports different programming languages and allows the
code editor and debugger to support (to varying degrees) nearly any programming
language, provided a language-specific service exists. Built-in languages include C,
C++ and C++/CLI (via Visual C++), VB.NET (via Visual Basic .NET), C# (via
Visual C#), and F# (as of Visual Studio 2010). Support for other languages such as M,
Python, and Ruby among others is available via language services installed
separately. It also supports XML/XSLT, HTML/XHTML, JavaScript and CSS.

6.1.2 Component Implementation
All The components were implemented as separate modules According to the

specification of the component model. All the user interface component were
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integrated with the business logic component and then with database server

component.

6.1.3 Physical Database Implementation

The ER Model discussed in the Analysis phase was implemented by converting it to
the relational data model for implementation of physical database. The MSSQL server
is a database management system that provides administration and other function for

implementation of the relational database.

6.1.4 Geographical Database Implementation

The 1:50000 digitized map was converted to model the class A and B road network.
The implemented components were vector shaped file that are compatible with
ARCGIS 10.1.Three shape files were designed, created and implemented. The process
of converting raster data to vector features is known as vectorization. Vectorization
can be performed manually by interactively. Digitizing is the process by which
coordinates from a map, image, or other sources of data are converted into a digital
format in a GI_S.V This process becames/necassaryawhen available data is gathered in
formats that“_»afinot be-irimedrately'integrated-with-otherr' GIS data. Manual Digitizing
is still & usefat technique’ because "of "its "ability to accurately copy maps in poor
condition. Computers have a higher risk of error when interpreting information
contained on a faded, stained, or poor quality map or image. Manual Digitization is
limited by the visual acuity and accuracy of the digitizer. The information about the

digitized map.
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CHAPTER 7

7.0 Evaluation

7.1Introduction

Software technologies have been evolving rapidly and for a given set of functional
and non-functional requirements there usually exist several competing software
products. Several software evaluation frameworks are used to make assessment of the
developed software to suit the relevant requirements. It’s quite different from
evaluating printed materials. A good deal of the contents of a software package or
website will not be immediately visible and will only appear if the user follows a
particular route. In addition, there are factors such as screen design, user-friendliness

and nature of the interaction to take into account.

7.2 Evaluation Methodology

The Following Main Factors were introduced as the major attributes for the current
solution

L
/)

(] Syst( N \/%aé:fd tarented
e Usability 0f
e Comprehensibility of Information

e Clear Outcomes

Each Factor was given a set of Questionnaires

Evaluation Criteria

Excellent (E) 10
Good(G) 7
Fairly Good(FG) 6
Bad(B) 3
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Target oriented

Criterion
Does the system gives service as you need? E/G/FG/B
Is it easy to get the service from the product? E/G/FG/B
Does the outcome in clear format? E/G/FG/B
Does the System gives all functions as in specification? E/G/FG/B
Is some functionality conflicted with one another? E/G/FG/B
Are you proposing some additional to the given functionalities E/G/FG/B
Is it easy to understand the steps E/G/FG/B
Usability of The System
o
Is it easy to'startthe program? E/G/FG/B
IS the user iinterrace casy LU uliuceistaliu s (FUl exdllipice, 1s ule sticcell E/G/FG/B
layout clear and easy to interpret?)
Is it easy to navigate through the program? E/G/FG/B
Is it useable to manage activities (Add/ Delete/Update) for each | E/G/FG/B
modules
Can you understand the detailed items functionalities (SAVE | E/G/FG/B
button indicates to save something etc)
Are you proposing some additional to the given functionalities E/G/FG/B
Is it easy to handle forms? E/G/FG/B
Does the System explain what you expected? E/G/FG/B
Does the System contain useful links? E/G/FG/B
Does all Interfaces have proper layout? E/G/FG/B

32




Comprehensibility of Information

Criterion
Is the level of language that the program offers clearly indicated? E/G/FG/B
Can you seek help and understand the guides easily E/G/FG/B
Can you easily read the instructions on each menus and forms E/G/FG/B
Is the current layout, font and foreground is applicable for your | E/G/FG/B
eyes.
Is the level of language that the System offers suitable E/G/FG/B
Cleaviomicomes
5"3 Citeriott
Do you get avalid outcome? E/G/FG/B
Are You Satisfied with the current model output format? E/G/FG/B
Is the Output Format is readable and Understandable? E/G/FG/B
Do you think the suitable data format is applicable? E/G/FG/B

Table 4: Evaluation Criteria
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CHAPTER 8

8.0 Discussion

The GIS environment can be used to for solving many transportation problems due to
the fact that it is a multi-displinary application. Most important critical aspect of this
development was the estimation of Origin Destination Matrix by minimizing the
double counting error. By assuming the concept of minimum path of a trip will
provide the way of minimization of double counting by using circular method. The
programming environment of ArcObject.Net can be used to emphasis the features of
the components of ArcGIS including Network Analysis. The visual studio framework
can guide of the giving the development environment by integrating the component.
The next part is the development of the Survey data management system inside the
above solution. As a future , the system can be updated with by adding other two OD
survey types as a result more functions can be added like mean occupation, travel
behavior etc. Rather going for Network application, the concept, theory and
techniques of \Web G|S would guide for proper web solution by extending the domain
requirementgﬁfgthe ewrrent. system-, The systar. was..implemented on an ArcGIS
environmentshut it;ean; be|demeloped|jas a separate desktop application, web
application and as a mobile application due to the fact that there are developed
libraries have been provided by the ESRI for enhancement in the visual studio
environment. The web application and Mobile application will provide the
accessibility to the public who are interested in the gaining the information given by

the product.

Present days the transportation management is highly considered on the time rather

than distance.
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CHAPTER 10

10.0 Appendixes

10.1 Appendix A

A.1 Fact finding Techniques Used

Written documents and onsite observations just tell that how the system should

operate. They do not include enough details to allow a decision to be made about the

merits of system proposal and don’t present the user views about the current system. I

conducted interviews of the staff as given bellow, which were directly involved with

the application.

Questionnaires

> W p e

o1

10.
11.

12.
13.
14.

Wihat are the data you need to callect?
Viﬁ"‘_ydo you peed these tata?
AR are thewaysibf cotlectingithem?
What type of system do you use correctly whether manual or automated
system?
How do you analyze the collected data?
Is there a need to have another system or changing the existing system?
If another system is needed, what are the basic requirements of that
system?
What are the benefits of having that system?
What are the draw backs of current system?
Can you easily access the data? Give the reasons?
Is the data or information you have sufficient or do you need to collect
more data?
What are the ways of collecting data?
What are the requirements that the user needs?
What are the requirements that the system needs?
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15. What are the technologies that you are planning to use for new system?

16. Is the necessary hardware configuration and software platform is already
there?

17. Are you willing to bear the cost of hardware and software needs?

18. Do you need more trained users or will you be able to train existing users?

19. Are you willing to bear the training cost?

Also the regular users of the application were interviewed. Based on their

viewpoints, clear system requirements were jolted down.
Analysis of gathered requirements

The main purpose of this activity is to clearly understand the exact
requirements of the user/customer. The following basis questions pertaining to

the project should be clearly understood by the analyst in order to obtain a

g Yic HINE -PIroniel
ke

€3

). _:.VV!' 1S.the.proplem?

3. What are the possible solutions to the problem?

4. What exactly are the data input to the system and exactly are data
output required of the system?

5. What are likely complexities that might arise while solving the

problem?
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A.2 survey conducting procedures

Survey time : 24 hours per day
Time Period . none
Counts : Detail of the Trip

Count Methodology  : Manual

Survey Methodology: Measurements were carried out for one directions of travel by

interviewing the vehicle passengers.

<
ROADSIDE OD SURVEY (PASSENGER VEHICLES)

LOCATION:
DAY
DATE:
Direction

Location i | VehfE\Wekicld [y pk A T&E . [Korigin Type |Destination| Type

(Hrs.) Typel Occupancy of of
Origin Destination
7115000

i 1212000 Meerigama
2105000 Medadumbara
7115000 Medawachchi
7204000 M edirigirya
105000 Meegahakivula
2204000 Medagama

Figure 3: O-D passenger data collection sheet
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10.2 Appendix B

Top Level Diagram

ArcObject.net
TCP/IP
" Road side survey data
Department - o
User Management System

Mormal User

Administrator

Database
S5QL SERVER

www.lib.mrt.ac.lk

Figure 4: Top Level Diagram

There are three system components. Client tier represent the entire component that are
to be interacted with the Administrator, Department users and Normal users. The
Application Tier represents the business logic of the backend processes. The
Application tier was implemented on the ARCGIS 10.1 environment and it includes
the component of dealing with ARCGIS features, estimation and analysis from the
data given by the client tier and data requested from the database server. The Server
tier includes physical data structure and the file server that includes geo database files

and reports.
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B.1 Use Case Diagram

Administrator

Manage O- ‘ Mana” Manage o‘ ‘

Calculating

<<jnclude>> \ .
/«mu’>/lzlimin

<<include>>

\
/Esﬂmat Prep_
p— <<extend>> Y

_

Download ‘ons

Administrati

n Update nt
| Trip Distribui ation / <<in®
<<ipclyde>>

Un' rsity of Moratuwa, Srr Lanka. ,
> chll*plmc Theses & Dissertations._4|
3 Traffic Counts On Minimum path
(S WWW. l\1b mrt.ac.lk ™ecou.e J

Trip Attracion Estimation )
<<include>> <sintlude>>
<<include>> \

Display G art

<<extend>>
<<extend>>

Figure 5: Use Case-Administrator
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Department User

PN

Manage O-D Suney data
Calculating MinimumPath

Eliminate Errors
<<include>> / ]

Prepare Matrix

Estimate OD Marix

)
/‘ \ <<extend>>

Department user

Upload Suney Report Download Suney Reports

—

Trafic Counts Estimation

-
‘ <<extend>>
Update Map Content <<extend>>
Trip Distribution Estimation

<<inglude>>
<<)i)e1@>> \ p

s Y i 5 Q
g, Univgssity of Moratuwa, Sril.anka. e
Electronic Theses &

affic Counts On Road-
1sscrla (1ONS
=~ 1ib. mrt.ac e s>

. \

=

<

Trip Attracion

S \ =

Display Graphical Chart

Figure 6: Use Case -Department user
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Normal User

Tralic Counts Estimafim
Tiip Diskibulion Esfmation i B
<< >

Update Map Confent
<<mchuie>>

(J

Dispay Graplical Char

Figure 7: Use Case-Normal User
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B.2 Use Case Specification

B.2.1 Prepare O-D Matrix

Basic Description:

This Use Case describes activities of how to the O-D survey data is processed to

prepare the O-D Matrix

Flows of Events

e Get all the O-D information that are on the state of for-update

e Get all the O-D pairs of each of the O-D survey Sheet

e Eliminate double counting error by checking Whether there are same O-D pair
was included in other updated O-D

e Calculate the minimum path of the O-D pair

e Obtain the Origin Divisional Sectary Area

o Allocate the traffic count flows at each of the Destinatign Divisional Secretary
Areas. g:’g

 Incrementihe Trip/Gounts afthetQrP iable

e Continue with other O-D pair.

e Go to the 2" step

e Load the table values to a data set

e Display the Matrix.

Alternative Flows

e Ifitis found that the same O-D pair is used for another O-D survey sheet that
means the O-D pair is going to count twice. Stop and continue from other O-D
pair.

e After completing the each of O-D pair then change the state to be updated.

Pre-Condition
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e The User should be logged as Administrator.
Post Condition

e The O-D surveyed data become passed data.

B.2.2 Trip Distribution Estimation

Basic Description:

This Use Case describes activities of how to the O-D matrix data is processed to

estimate Trip Distribution

Flows of Event

e Set the District Secretary Area.
e Select the District Secretary. Area from the List

o Calculat_éﬁfgé Trips distribute fram relevant selected.District secretary area to the

other

e Prepare the Data set and load the table
e Prepare the chart
e Display Table and the Chart.

e Zoom the Map to the respective location

Alternative Flows
None

Pre-Condition
e The User should be logged as Administrator or Department User.

Post Condition

None
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B.2.3 Trip Attraction Estimation

Basic Description:

This Use Case describes activities of how the O-D matrix data is processed to

estimate the Trip Attraction.

Flow of event

e Set the District Secretary Area.

e Select the District Secretary Area from the List

e Calculate the Trips attractionto relevant selected District secretary area from the
other

e Prepare the Data set and load the table

e Prepare the chart

e Display Table and the Chart.

e ZoOr
Alternative Blei's
None -

Pre-Condition

e The User should be logged as Administrator or Department User.
Post Condition

None

B.2.4 Manage O-D Survey data

Basic Description:

This Use Case describes activities of how the O-D surveyed data is managed
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Flow of event

e Set the O-D number from O-D details

e Load the O-D Survey sheet and other generic data.
e Fill the Origin and Destination information

e Save the Record

e Update the Records.

Alternative Flows

None

Pre-Condition
e The User should be logged as Administrator or Department User.

Post Condition

None )

A
o,

B.2.5 M r:ﬁ! |

Basic Description:
This Use Case describes activities of how the users are managed.

Flow of event

e Load the current users details in to the table
e Fill the new users information in to the necessary fields
e Check the user is already in the system

e Save the record

Alternative Flows

e If the user wants to delete a record it needs to select the particular record
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e The user needs to change the particular data on the record when (s)he needs to

update the record

Pre-Condition

e The User should be logged as Administrator or Department User.
Post Condition

None

B.2.6 Traffic Counts On Road

Basic Description:

This Use Case describes activities of estimating traffics on road

Flow of

s

b =5 )
e Select theroat
e Settheli

e Calculate the link counts on each link
e Create Chart
e Display Chart

Alternative Flows

None

Pre-Condition
e The User should be logged as Administrator or Department User.

Post Condition

None
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B.2.7 Traffic Counts On Minimum Path

Basic Description:

This Use Case describes activities of estimating traffic on minimum path
Flow of event

e Select the Origin and Destination

e Calculate minimum path

e Set the links on the road

e Calculate the link counts on each link
e Create Chart

e Display Chart

Alternative Flows

None

o
5: -

5
\ '

Pre-Conditifi =
e The User should be logged as Administrator or Department User.

Post Condition

None
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B.3 Activity Diagram

B.3.1 Prepare O-D Matrix

Get O-D
Pair List

Get Traffic Results

{from State/Activity Madels)

Generate Path With
Node

(from StateAdtivity Medels)

Check With Cuurent
O-D Entries

(from StateiAdivity Mdels)

Select Network Analysis
Component
ffrom State/Activ ity Made 2

[ existing sul

Set Flag for Reconfiguratidie™
With New Data

(from Ststeinawity Mogels)

Invrement Trips Of
DSDivision

(from Stata/Activity Model4)

Check The O-D for
double counted
(From State/Activity Mad IS}

[Sunvey Entries with un dpubled counted O-D Pairs] Sobe Location

(fram State/Activity Model2)

Symbolize Route
{from State/Activity Modei2]

Sent For Minimum
Path Calculation
frrom State/Adtivity Models)

Figure 8: Prepare O-D Matrix
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B.3.2 Upload Reports

Set OD
Information

Prepare
Connection

Display
Message
4@3@]

[connection sucess]

Copy File
Insert the information to
the table

Figure 9: Upload Reports
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B.3.3 Manage Users

Load User
Table

Select Option
Change the Values
\ on Table

[Add New]

i (
¥ |Update Table

Check tie rerardis o LK
available --

[Avialab

Delete the
record

[not [available]

Saved the
record

Figure 10: Manage User
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B.3.4 Upload Reports

Set OO
Informatian

Frapare
Cannaction

[connection sucess|

Urowse ile

Croate a
Stream )

University ﬁf Moratuwa, Sri Lanka.

(

Electronic Theses & Dissertations
www.lib.1ift ac 1k

Ingert the information 1o
the table

Figure 11: Upload Reports
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B.3.5 Download Reports

f

Fill Downloaded file
information

Set the
Information

Click button to
download

prepare the
Connection

il

, S

\

L aad

FepanEction Yipt QUEEsE Show meseage

[coneciion sucess]

Copy to client
Machine

Figure 12: Download Reports
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B.3.6 Trip Distribution

Set District
Secteary Area

Select District
Secteary Amrea

Calculate
Distribution

Display
Disatribution

Figure 13: Trip Distribution
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B.3.7 Trip Attraction

Set Distnct
Secreteary Area

Select District
Secteary Area

Calculate Attraction
Trips

Prepare Chart

|

Dijsplay
Distributiom

Figure 14: Trip Attraction
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B.3.8 Traffic on Road

Set the Roads
Select the
Road

Calculate Traffic
Counts

: Calculate Link Flow :

( Create Chart )

Display Chart

lson @t mn

®

Figure 15: Traffic on Road
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B.3.9 Traffic on Minimum Path

Set Origin and
Destination

Calculate Minimum
Path

Select Network Analysis
Component
{from State/Activity Model2)

Solve Location

{from State/Adivity Model3)

Symbolize Route

Calculate Traffic
Counts

{from State/Activity Model3)

Display Chart
Zoom To
Location

Figure 16: Traffic on Minimum Path
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B.4 Component Diagram

:t]:: Trip Distribution
:I_:l:: Trip Attraction

% Project

Trip Counts On

— Minimum Path
_—
/

$ Mapping Manger
™~
/ \\ \
\
\\\

\\
\ =
\ :i]:: OD Information

! |
Y 1)
JR — Trip Counts On
Road

OD Matrix
Manger

/ ‘
// \
/ ‘\
“\
)y L) Gonfiguiagan
Settings
\ . X

Data Access

File Access
- >

% Download

Figure 17: Comp

onent Diagram
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B.5 Package Diagram

ArcObject.Net

&0
Management|

Figure 18: Package Diagram
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B.6 Class Diagrams

B.6.1 ArcObject.Net

Application

*‘Open()
%Close()

IMxDocument

s¥loadDoucument()

1’9 roupLayer()
®addLayers()
YdeleteLayer()
¥prepareFeatures()
®setStopLocation()
¥solveRoute()
¥getTraerseResults()
¥addBariers()
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B.6.2 OD Management

DsCivisions

&Dsho : Integer
&Dslams : String
&rea: Double

$getarzal)()
$5etDslo()
*gstDshlams()

'

+District

District

&DisCotle | Integer

&Districtilame : String

$9ztDistrictCode()
*getDistrictllams()

: String

Mode . Time
&llocksllo ; Integer my\ ODEntry +Timel nerv g% Time|D
&llodelame : String i 1.7 &TripPurpese | String = ®&Time : String
1
*gethlodel o) s $gstCDEntry () R SgetTimelnfo()()
SqethodeNamal) +Qestination
71 ¥gethlodehlams() 1 |
1 ! ! +OBEntry
de
eDs0h +EnaNode ODInf ormation
&0DNo : String
&Dats : Date
tate : String
8state : String Propet
14 i NS
| *9:tQDInf ormation() gpmlCtCUde- String
Bn A 2 Purposs : String
. | . ~addrlew)
Lnk  ¥hstin 8Dateof Started : Dats
&LinkID : Integer 0.1
&Length : Double *getProjectDetails )
Road
*getLink D) &Roadllo : String
$gatlength() 8RoadType : String

IMxDocument
{from ArcObject bef)

#loadDoucument()
#groupLay r)
$addLay ers()
SqsleteLay or()
*preparsF saturss()
$s:tStopLocation()
®s0lv eRouts()

‘g stTraverssResults()
%addBariers()

*gatRoadNol)

VehicleType
&\/ehicleTy pelD
&vehicle

*gstVehiclzinfo)()

FileAccess

&DateOf LastAcoess
$gztRoadiame()
$getRoadDetails() CDSurv ey #Upload()
Location : String #Dowoad))
#Prepare Connzction()
i A it /
s pHlahagh: ‘
g _ ; /
e 1 b
80 nt w42 dpdTeldcationd / 5 /
§ i3 YealpuateminlPathly | +Report
YoatTaielr asuls | Reno
} eport
+theMapManager &ID : Integer
&Dzscrption : String
&Path : String
#heO-D Matriy tharager / 1

C-D Matrix managsr

Chart

‘preparematri:x:AndLoad{]

$getTripinformation()
¥incremzntZoneCount)

*praparsChart()

$loadTable()
$calculataTripDistribution()
$calculateTripAttraction()
*calculateTripOnR oad()
$calculataTrpOnMiniPath()

Figure 20: Class Diagram-OD Management
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B.6.3 ER Diagram

RoadData
PK | RoadNo RoadLink
R et Lt e
RoadName PK |LinkNo
____________ .
FK2 | StartNodeNo : Users 1
FK3 [ EndNodeNo PK | UserN
Length serName
FK2 | DSDNo
v — Password
3 _Y F a3 UserType
NodeData o ' ! o
A{--=-=--=-=----- ' b
PK,FK1 | DSDNo - ! ] |
PK NoadNo [/ ==""===""==="- N
} |
NoadName ! ! : TrafficCounts
Y : : L PK VehicleType
— - T PK,FK1 | LinkNo
DistrictData \ \
[} [}
PK | DistrictNo I Counts
[} [}
DistrictName : :
] ]
=< 1 1
L
: ODInformation ! !
[} |
l‘ PK | ODNO | 1 : VehicleType :
IR LY T Y & [} _
i veniclelype
ODName : PK | VehicleType
PK StanedbDate : Description
:;: ! J
DSDName: 1 : :::
FK1 | DistrictNo | ! I
| [}
! | :
| ! !
| 1 1
' . Y
[}
! /| S AR Py
: : ODPassengerData 1
I PK,FK4 | ODNo
[}
)
Il u StartNodeNane
""""" < FK2 LinkNo
EndNodeName
Time
FilePath
FK3 VehicleType

Figure 21: ER Diagram
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10.5 Appendix C

C.1 Implementation (interfaces and Diagrams)

C.1.1 Integrate the Software Component

T 2
OEES LB x 20 &- - (ZEGEE P . Ble it View Bookmarks Insert Selection Geoprocessing Customize Windows  Help
Spatial Adjustment = | & P Oy [ H P RO GBS EBERERIE BB Dy HEN,
Editor> » Pa |/ 7 Al- NN ch £ QB W IE
able Of Contents B x
EEETYE
=] Loyers| =)
Description
[ keyboerd... |[ Bladd FromFie... || close

Figues 22y lotedvinedhasaftware Fook

This figure is the attempt of integrating the final software solution to the ArcMap

environment

C.1.2 User Login

This is the first interface that meets when the system starts. This interface provides all

types of users to login to the system by giving user name and password
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Qe i : @ - .
DBE& Lagx/ oo d-[ [ EEEO ey Sy -5 S [EE6 - By

File Edit View | Bookmarks Insert Selection Geoprocessing Customize (8§ Windows Help © Spatial Adjustment~ | = =" o | [ bl 8 () o 0

Figure 23: User Login

C.1.3 Administrator Menu

This is the first interface that meets after having successful login by the administrator.

This mterface prowdes the navigation to all of the functions
Univ ersm of Mor‘mma Sri Lanka

I\,_? 5 4 A g
D 3 & % Calculation ] Infurmatlon

File Edit View q | Trip Distribution

Trip Attraction
Minimum Path
Optimum Survey Points
Traffic Counts

0-D Matrix

0-D Matrix Reupdate

Figure 24: Main Menu
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C.1.3 Manage Users

This is the first interface provides the facility to add/update/delete users in the system

KO = oF & R Dawings K ) 5 [T+ A - [0 A U vB 1 U A~-D -7

~ | 1:3.209.668p i’ S

Selection

University of Moratuwa, Sr1 Lanka.
Electronic Theses & Dissertations
www .l #eigud 2. Nkanage users

68



C.1.4 OD Information

This is the first interface provides the facility to add/update/delete O-D basic

information.

Calculation  Information  Users  Seetings

testr
geodeaty
test
Madu Ganga OD Survey

Uniyersos: davigeaiDvafdmndtanka.
Electronic Theses & Dissertations

BN RV BhEPER 1k
This interface provides the facility to add/update/delete O-D Survey Sheet

{ T EN @y Drawing- K () 55 [~ A~ (% 0lond TP B UlA-G- S
e« ) L RS 18 g i
e | B T = [E Y R R e - AT

PEditorr b My | S A | I I ol

Mannar Town 1 AD14. B352, B270
Periyakadal Jn B030. B270
QdNo:1
Link No:17

om Node :Mannar Town 1 A014, B352, B270
To Node :Periyakadal Jn B030, B270

)/3/2014 12:00:00 AM

Figure 27: Manage O-D Survey Sheet
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C.1.5 Upload Reports

This interface provides the facility to upload reports to the file server

ym—— T o= | O [

Users  Information  Calculation  Seetings  Help

University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations

www_lib. mirt. ac. 1k

Figure 28: Upload
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C.1.6 Download Reports
This interface provides the facility to download reports from the file server

F.dministraor Menu
Users  Information  Calculation  Seetings  Help

-

1159056140 java | 1/15/2015

A A o ac o
VI YV [¢ .

. .
W) '~ Y,

=) El.eclron'ﬁgﬂg:gg:sa%\,\lawrla1i0ns
5 www.lib.mrt.ac.lk
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C.1.7 O-D Matrix manager

This interface visualizes the generated O-D Matrix as in numerical values and
divisions names.

[rml=h|

Calculation  Information  Users  Seetings

Destinatiorl
Origin Code
1102
103
1104
105
1106
107

0
1
1
1
1
1
1

0
]
0
0
0
]
0
IB
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Figure 30: O-D matrix in divisional code
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C.1.8 Trip Distribution

This interface visualize the Trip distribution from particular Divisional Secretary Area
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Figure 31: Trip Distribution

c10 Trai Univ%rsigf of Moratuwa, Sri Lanka.
SRy unﬁ]@@lm%c Theses & Dissertations

Warakapola Kandalama
Rd Jn ADD1, B456

End Junction

Paliyagoda Reundabout
ADOD1, ADO3

Ambepussa Jn ADD1, ADOG

Colombo Hilton Jn 1
ADO1. ADD4. ADO2

Colombe Hilton Jn 2 ADD1
M107

Colombo Hilton Jn 2
ADO1. M107

Colombo CT.0ADDT. M112

Sangaraja Mw ADOT,
B521

Mudungeda ADD1, B214

KandyLake Rd QuesnsHotel
End ADO9 AQD1, AD26
Miriswatta Waturugama Rd
JnADDT, B292 8282

Kegalle P Rd

Kegalle Jn ADD1, AD21

< m

Figure 32: Traffic Counts On Road
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C.2.0 Traffic Counts On Minimum Path
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Figure 33: Traffic Counts On Minimum Path

C.2.1 Traffic Counts On Links
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Figure 34: Traffic Counts On Minimum Path
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