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The SM S Based Forecasting System of Public Transport Arrival Time

MANAGEMENT SUMMARY

For this Final Year Project, our group will be doing topic “The SMS Based Forecasting

System of Public Transport Arrival Time’

In its most explicit overview, the forecasting system is working as a mobile information
service which is fully integrated with multiple technologies and information into one
seamless system. At this project, we are focus on bus only. The innovative concept of
forecasting system is the ability to track the current location of particular bus and

estimates the arrival time of that bus to particular bus stop.

The forecasting system is an essential time-management system and applicable for
current busy life. It is highly motivated in assisting everyone for persona trip planning at
anywhere and anytime. In fact, by knowing the bus's estimated arrival time, passengers

can come out with the most suitable plan.

Generdly, the forecasting system is 3-tiers. It is consisting of client side, application
server and database tiers. The entire system is centralized in the application server which
provides the system integration framework and operates with Artificial Neural Network
(ANN). The basic function of system is the ability to receive, interpret and reply
passenger’s SMS request. By specifying passenger® location and the required bus, the
system will be able to reply the expected arrival time from the bus® current location to

passenger® current location.
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1.0INTRODUCTION

1.1 PROBLEM STATEMENT

Possessing own transportation has become more common nowadays. The number of
vehicles on the road keep on increasing and most of us are eager to own personal vehicle

as we can go anywhere without limitation.

In case we are unable to afford personal vehicle, public transportation such as bus, train
and cab is the most convenience options for us to get ourselves to another destination

from time to time. At this project, we will concentrate the discussion on bus only.

Undoubtedly, the existence of bus has reduced road traffic and taking bus is a good
starting to inculcate the car-pooling value. Besides, it provides a low-cost transportation

which means to the low-income family for traveling to another destination.

However, things always don’'t come perfect. The main drawback of traveling with busis
the inconsistent arrival time which may due to unforeseen circumstances. Even when we
know the bus schedule well, there are number of reasons that bus as may not arrive as
expected. Traffic congestions, heavy downpour, bus breakdowns, accident and day-to-
day problems faced by the bus company can delay or completely interrupt bus service. It
is particularly annoying when a person has urgent appointment, but we are late due to the

time-consuming of bus trip.
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The shortcoming of unexpected bus arrival time has given us the intuition for developing
a forecasting system that will inform the passengers earlier about the arrival time of
particular bus. By using the forecasting system to determine when the next busis going to
arrive, the passengers don’t need to wait an undetermined amount of time at a possibly

unpleasant or unsafe bus stop.

Passengers can easily obtain real time arrival information remotely by just sending a
SMS (Short Messaging Service) to the forecasting system. Then, the system will send

back the estimation of bus arrival time to passenger in SMS as well.

Eventually, passengers can determine exactly when to leave home or the office in order
to meet the bus. It is virtually eliminating their waiting time. If the bus will not be
arriving for an extended period, the passengers can go into a store, read the newspaper, or

even take another mode of transportation.
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1.2 PROJECT OBJECTIVES

The objectives of this project are:

1.2.1. To create an application which is able to estimate and predict the arrival time of
public transportation to passengers by taking traffic congestion factor into

consideration.

1.2.2. To offer a convenience mobile information service which ensures passengers are

able to organize multiple personal daily planning efficiently.

1.2.3. To offer amobile information service which can assist passengers to eliminate the

waiting time for the arrival of bus at a possibly unpleasant or unsafe bus stop.

1.2.4. To make more accessible and constantly updated dynamic bus information to

bus passengers.

1.2.5. To offer cost effective mobile information service to bus passengersviaSMS

(Short Message Service).



The SM S Based Forecasting System of Public Transport Arrival Time

1.3 PROJECT SCOPES

For making the entire system to be more accessible, our project targets on mobile phone
which is equipped with SMS (Short Message Service) feature and running on Symbian
Operating System. As SMS has gained tremendous popularity in nowadays, SMS is
significantly recognized as a useful and essential communication tool. We believe SMSis
sufficient enough to communicate with the system and benefiting from this mobile

information service. It will be directly boost the productivity of the service aswell.

The scope for the type of public transportation in this project covers only bus in Kuala
Lumpur at specific route. The static variables of prediction parameters are particularly
concentrate within the bus issues. In another way, the dynamic variables of prediction
parameters are mainly concentrating in average speed of bus and traffic congestion in
current location and time. Any public transportation and prediction parameters beyond of

this scope are unidentified.

The geographica scope of this project covers only the one of the specific bus route in
Kuala Lumpur with the particular given one way direction. The entire route is consisting
of four area zones and each zone has two to four bus stops. Any bus routes beyond this

scope are unidentified.
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1.4 GROUP MEMBERS CONTRIBUTION

TASK AND ASSIGNMENT

STUDENT NAME

YIT MENG

CHEE HONG

HUEY YI

System Devel opment

Development of Send & Receive SMS
with GPRS/GSM modem

Development of Artificial Neural
Network (ANN) model

Artificial Neural Network (ANN)
training

Database Devel opment

Connectivity between MATLAB and
Database

Integration of VB.NET and MATLAB

Development of Simulator

5

Development of SMS Alert system

Development of System Optimization

Development of System Updating

Artificial Neural Network (ANN)
model re-training

Development of User Interface

Documentations (According to report contains)

Management Summary

Introduction

Literature Review

M ethodology

System Structure
(Architecture Diagram)

Process Modeling
(Context Diagram & DFD)

Conceptual Data Modeling (ERD)

Flow Chart

State Transition Diagram (STD)

Implementation Plan
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Module Explanation

User Interface Design

Testing

Configuration & Deployment

M aintenance

Discussion

Conclusion

Bibliography & Appendix

Business Plan

5

5
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20 LITERATURE REVIEW

A literature research with respect to the previously published literature is the initial stage
of any project. A series of comprehensive market survey of publications in a specific
field of study is conducted before a suitable problem-solving method is finalized. It is
seen as an essential task as it will ensure that a thorough understanding of a project is

gained and subsequently lays a solid foundation on our future task.

All the research done will serve as a yardstick and reference to our project. After a
complete literature review is finished, we are supposed to be able to write in such a way
that shows we have a feel for the area, know what the important issues are and their
relevance to our work. We should have known what can be neglected and we have the

anticipation of the outcome.

To summarize al of the above, the direction of a project is determined and indeed thisis

the objective of literature review.
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21 FEASIBILITY STUDIES

After we identified the problem and the possible solution (refer to Chapter 1.1) we took
initiative to conduct a few studies on bus passengers in order to affirm our problem

statements and justify our proposed solution. Our study is divided into three sections:
1. Prove and assess the significance of problem statement.
2. Understand the demand and requirement for proposed solution.

3. Derive and evaluate hypothesis if problem statement is proven to be true.

The first study that we conducted is to prove the existence of the problem of buses being

late to bus stops. At the same time, we assessed the level of significant of the problem.

We observed the expected arrival time to each bus stop for a period of time for two
weeks. The result of the observation is as expected that is most of the time the bus failed
to arrive at the bus stop as scheduled. Furthermore, we had got a shocking observation
result that is sometime the bus skipped its trip and causing the passengers to wait for the

next bus that might arrive an hour later.

Besides, sometimes the bus is late to arrive at the first bus stop for more than forty five
minutes. It is causing the passengers for the entire route to be delayed. In addition, the
problem happens even during peak hours where most of the passengers are rushing to

their working place. These observation results successfully proved that our problem
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statement is valid and these problems have to be solved urgently for the benefit of the city

and the bus passengers.

The second study in meaning to understand the current demand and the market
acceptance for our proposed solution via survey. We dispatched one hundred survey
forms to passengers in bus stops to understand the culture of the passengers, the need of

our proposed solution, and the actual condition of public transportation.

The result of our survey clearly shows that mgority of the passengers are workforce who
uses busto travel to working place daily. The mgor problems faced by the passengers are
most of the time the buses do not reach the bus stop on time. It causes the passengers
have to wait for an unpredictable time frame. In addition, mgjority of the passengers
demand for SM S service to update them with the bus arrival time. With such information,

we are very positive that our proposed solution will easily be accepted by bus passengers.

Now, we are sure that the problem exists and current bus passengers are demanding for
such a service. Thus we derived some hypotheses to assist us in understanding the factors
which are affecting the bus's arrival time. These hypotheses are extremely important for

us to understand the parameters involved in this system.

Based on the result of the hypotheses, we are able to understand the possible causes of

bus delays and this information will provide great assistant for us in developing the

-10-
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forecasting system more precisdly. Using the hypotheses results, we managed to refine
the functions and ability of our system. With that, we are able to divide our system into

achievable phases.

We are now very focused because we have identified the causes of the delays, derived the

concept of building the prediction engine and we are well prepared to develop the system.

-11-
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2.2 SEQUENCE OF ACTION OF A TYPICAL BUSPASSENGERS

In this section, we will illustrate the series of action taken by typical bus passengers

before they start their journey. It isasimple and self-explanatory process.

Confirm the
departuretime

BusArrive

Figure2.1: Sequence of Action Executed by Typical Bus Passengers

-12 -
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STEP1
The first step before a passenger board a bus is to plan a journey. Among the concerns
that is taken into account during the planning phase are consisting where he/she want to

go, what time he/she plan to depart, when the bus will arrive and so on.

STEP 2
After gone through the initial planning stage, the passenger should have decided the

departure time based on the reference on bus schedule.

STEP3

Upon deciding the departure time, the passenger is ready to leave for hissher destination.
He/She will wait at the bus stop without any prior notice of bus arrival time. The bus may
arrive on schedule or it may arrive later than the expected time due to some external and

stochastic factor such as traffic condition and accident.

STEP4

The last stage obviously is the arrival of the bus regardless the bus arrive on time or
arrive late to that particular bus stop, The question marks besides the bus picture has
implied that the arrival time of a bus is never predictable and the time is subject to

changes.

-13-



The SM S Based Forecasting System of Public Transport Arrival Time

2.2.1 Problems of Current mplementation

Currently, bus agency in Malaysia doesn’'t provide any arrival information of their bus.
Waiting at bus stop is likened as playing a dice, where a passenger doesn't know the
bus's approximate arrival time. The uncertainty associated with public transportation has

been along-waiting-to-be-solved matter.

Basically, the main thing where passengers do in step 1 planning stage is just to decide
how much time they need to spend for waiting at the bus stop in case the bus doesn’t run
on the schedule. Their initial plan may completely get affected if the bus doesn’t arrive at
their anticipated time. That means a single factor may ruin their planning. Nobody would

like to have what we plan turn to something out of control.

Wondering, waiting, frustration, exposure to weather waiting at the bus stop is disliked
by most of the frequent bus passengers. Nevertheless, they can do nothing about that.
Complaints to the bus agency will only get the reply with the answer - traffic congestion

delayed the entire trip, not having sufficient bus to cater for a particular route and so on..

For anyone who emphasizes punctuality as their principle will definitely opt out bus as

their choice to travel between two distances.

-14 -
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2.3 CASE STUDY - http://www.nextbus.com

Case study plays a crucial rule to ensure our understanding on the project. Thisis because
a careful study on other sources can determine what led to a success or failure of our
project. Case study can be used to bridge the gap between theory and real-world

implementation. It can be done by applying the theoretical concept to be demonstrated.

NextBus's existence is to provide cost effective, high quality, reliable, real-time
transportation information to the passengers of public transit. (Section 9.4 [1]) NextBus
isapilot project that uses satellite technology to track a bus aong its route. (Section 9.4
[9]) Among the factors being taken into account are the actual position of the bus, their
intended stops, and the traffic patterns. (Section 9.4 [1]) The estimation is updated
constantly as the vehicles are tracked The actua arrival information not schedules is

then relayed to the passengers through various channels.

NextBus wireless access is making Passengers Information Everywhere (Vision of
NextBus ) a redity by bringing the arrival time of bus to wireless phones and Internet
accessible devices like personal digital assistants. (Section 9.4 [1]) Each of the different

means of communication with passengers is described in details on the following pages:

-15-
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2.3.1 Web-Based

NextBus provide an easy online access for passengers who are always connected at home,

office or elsawhere. Passengers are able to check for the accurate and precise bus arrival

information.

He pays attention to her.

Specify stop to obtain the arrival time for the next vehicle:

Learn more State: ICaIifornia—Nonhern vl

About NextBus L ive M ap
Agency: ISan Francisco kuni, CAJ
¥ How It Works Route/Line: |2
it i Direction: |Outbound toward Potrero Hill -]
= Help
R From Stop: |Fillare St and Oak St
c,ﬁo\l My NextBus (Web Alerts) To Stop: IZUth Stand 3rd 5t d 2
o St M Next vehicles arrive in:
B Simple Website -
10 minutes
27 minutes Schedule
43 minutes
50 minutes

Walid az of 6:39 A Wednesday, October 27

Bookmark this stop

Figure 2.2: NextBus web site
(Source provider: http://www.nextbus.com)

-16 -
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Firstly, online passengers are required to choose from a list of six-selection menu. The
State involves state in United State. Then, the selected State will determine the data
population in Agency selection menu. Thisis because single bus is unable to cover al the

routesin US.

Upon choosing the Agency, it is followed by Route/Line. Each bus agency has its own
coverage route. The fourth data that need to be chosen is the direction. After that,
passengers need to enter their From Sop (Origin) and To Stop (Destination). The purpose
of entering this information is due to the reason that sometimes there are multiple routes

which might go to the passenger’ s destination.

All possible routes that serve passenger’s destined stops can be predicted, as long as the

passengers specify both stops (Origin and Destination) correctly. By selecting particular

destination, only the prediction of passenger’s desired bus will be displayed.

-17 -



Besides obtaining the static arrival time, passengers have the option to see the Live Map
of al the moving bus. Functions that can be found are zoom in, zoom out, lines (extra
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The map shows vehicles that are being tracked.
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Figure 2.3: Live Map for showing the tracked vehicles
(Source provider: http://mww.nextbus.com)
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The third facility provided by NextBus is the availability of bus schedule. The existing
bus schedule will serve as guidance for travelers to plan their journey. Coincidentaly, the

objective of NextBusisto tackle the problem of unpredictable bus arrival time.
This problem always cause travelers to miss the bus because the bus can be either arrives

earlier than expected or may cause the travelers to wait for a late-coming bus as there is

no prior knowledge of the bus arrival information.

Figure 2.4: Bus Schedule
(Source provider: http://mww.nextbus.com)

-19-
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2.3.2 Wireless Access

As the number of mobile sis increasing every year, NextBus has identified the need to
channel the arrival information to those constant-traveling people. The arrival timeis sent
to passengers wireless device upon request. Wireless access has ensured s that hardly sit

in the office or home not being neglected. Mobile s can enjoy the same benefit.

Among the wireless device mentioned are Wireless Application Protocol (WAP) phone,
Palm Handheld Computer and Personal Digital Assistant (PDA). Before the devices can

receive NextBus information, few simple steps of configuration need to be carried out.

Figure 2.5: The View of NextBus | mplementation in WAP Phone and
Palm Handheld Computer
(Source provider: http://mww.nextbus.com)

-20-
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2.3.3 Benefit of NextBus

The service provided by NextBus has indeed brought major changes to the life of bus
passengers. It has eliminated the hassle of missing a bus or waiting for a bus. Bus
passengers need not go to the bus stop for fear of missing a bus. They may even only go
to the bus stop 10 minutes before the bus arrives. Passengers can save their time in

completing more meaningful task rather than waiting at the bus stop aimlessly.

Time is precious. By using NextBus, the arrival time of the bus is no longer uncertain.
The main reason that most of the white-collar workers not traveling in bus is mostly
because their time is valuable rather than waiting aimlessly for inconsistent arrival of bus.

It seems to be wasting of their time.

Imagine now, after the rollout of this edge technology, passengers can sit in their house

and wait for the bus. While waiting, they can read newspaper. It is naturally better than

waiting in the rain or under the sun.

As times go on, passengers are becoming more demanding. It is timely to have an

application to maximize their satisfaction.

-21-
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24 INTEGLLIGENT TRANSPORTATION SYSTEM (ITS —-ITS
Konsortium Sdn. Bhd.

Integrated Transport Information System (ITIS) is a project launched by the
government of Malaysia to manage the traffic situation and enhance the public
transportation system in Kuala Lumpur city. ITIS is implemented by Dewan Bandaraya
Kuala Lumpur (DBKL) and expected to complete by the end of 2005. The system is

designed and built by ITS Konsortium Sdn. Bhd.

The following are two major roadside equipments which are used to monitor traffic
congestions in Kuala Lumpur.
1. Automatic Incident Detection System (AID System)

2. Automatic Vehicle Location System (AVLYS)
As AVLS is the core component which is highly related with the implementation of our

forecasting system, thus we are mainly focus the discussion on AVLS only.

AVLS is equipment used by ITIS in monitoring real-time traffic condition. Whenever
any vehicle is equipped with AVLS, it cans aways being tracked by the system at

anywhere and anytime. The process flow of AVLSisshown at Figure 2.6.

-22 -
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Figure 2.6: The Automatic Vehicle Location System (AVLS) process flowchart
(Source provider: ITSKonsortium Sdn. Bhd.)
Firstly, AVLS uses Global Positioning System (GPS) technology to track particular
vehicle. AVLS will capture the information such as the vehicle speed, vehicle ID and
vehicle location (bearing) for every 100 meter traveled by that particular vehicle. These
rolling real-life data are used to estimate the traffic congestion at the location of the

vehicles and thus providing ITIS with gigantic amount for traffic congestion record.

By using the GSM (Global System for Mobile Communication) coverage as the

communication channel, ITIS downloads the raw data from the data logger to the AVLS

center management system (AVLS CMS) in Transport Management Centre (TMC) on
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dailly basis. The processed information in TMC is then transferred to AVLS center

management system (AVLS CMS) in DBKL through leased line TCF/IP.

Currently alocal telecommunication company is sponsoring ITIS a number of SIM cards
for the operation of this project. To date, ITIS had installed AVLS on more than 60 buses
and 400 cabs for monitoring and providing millions of raw data daily for traffic

congestion anaysis.

25 ARTIFICIAL NEURAL NETWORK (ANN)

Artificia Neural Network (ANN) is a computer program that is able to represent a
complex relationship between input and output without specifying any form of function.
It is a powerful modeling tool in recognizing different patterns. It is used extensively in
pattern matching. With the given a collection of data, it is able to produce a model for

that data.

There are certain situations where ANN can help compared to traditional computing
program, which just follow instruction in a sequential order. ANN comes in as a great
helper when

It is hard to formulate an algorithm for a problem.

There is alot of samples of behavior but hard to find out their relationship of

samples
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There is a need to find out the relationship among the data in order to obtain

the structure of data.

ANN needs to be trained before it can be considered an expert in the category of

information it analyzes. Learning isto ensure awell-performed ANN is produced.

As its name implies, the building block of ANN is the Processing Elements (Neurons).
Neurons never come in one. All of the neurons are interconnected between elements in

order to solve a problem.

2.5.1 Structure of ANN

The ANN structureis as below:

INPUT LAYER - Input layer is a collection of input units which takes the

information that is to be propagated to the network.

HIDDEN LAYER - Hidden layer is a collection of hidden units, which takes the

input from input unit or from hidden unit itself when there is more than one

hidden layer. Normally, number of neuronsin hidden layer isless than input layer

OUTPUT LAYER - Output layer produce the result of the entire network. It

output the result of categorization.
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INPUT LAYER HIDDEN LAYER OUTPUT LAYER

Figure 2.7: Architecture of Multi-layer Perceptron Artificial Neural Network
(MLP ANN)
As we shown the ANN architecture above, w and y which are on the arc is the weight
associated with the connection. The number of neurons in each layer is not fixed. The

number needs to suit the application.

ANN with no hidden layer is possible. Its architecture will be the input units directly
connected to the output unit. These tend to be too simple to use for rea world problems.
Multi-layer Perceptron ANN (MLP ANN) is the type of ANN, which consists of more

than one layers of neurons.
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2.5.2 How ANN works

1. A set of system input to the network is determined.

2. The set of input isto be multiplied with the weight that is assigned randomly in order
to produce an input to the hidden layer.

3. If there is more than one hidden layer, the output of one layer will become the input of
another layer. Each output of alayer is multiplied with the weight again beforeit isfed
asthe input to another layer.

4. It isfinaly reaches the last layer and an output of the network is generated.

In the best case, the above four steps is gone through once only if the network manages to

produce the desired output immediately. However, it seldom happens without getting the

ANN well-trained.

-27 -



The SM S Based Forecasting System of Public Transport Arrival Time

2.5.3How ANN istrained

ANN needs to be trained when it doesn’t produce the desired system output. The most
commonly used training technique is backpropagation. By using backpropagation
algorithm, the input data is repeatedly fed into the neural network until the desired output

is obtained.

Each time, the output of the neural network is compared to the desired output and an
error is computed. This error is then fed back (backpropagated, this is how the algorithm

gain its name) to the neural network and used to adjust the weights.

After the iteration of weight adjustment, the error decreases and the neural model gets

closer and closer in producing the desired output. In other word, the error has been

reduced to an acceptable level. The entire process is known as "training of ANN".
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ANN with
Input »  weighted connection . Output
Weight Adjustment
| Compare
Desired Output

Figure 2.8: Backpropagation Training Technique

During the process of training, the weight adjustment rate is based on the learning rate,
which is denoted by . The learning rate ssmply determines how far the correction of the

weight goes.
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2.6 SPECIFICATION FOR SYSTEM DEVELOPMENT

In this section, we would like to highlight the targeted hardware platform, software

platform and programming languages which are intended to use for development phase

|ater on.

2.6.1 Hardwar e Specification

Hardware Type

Recommended Specifications

Mobile Phone

Compatible with SM S (Short Message Service) feature
Series of mobile phone running on Symbian Operating
System

GPRS (General Packet
Radio Service) Modem

Compatible for the application running in GSM (Global
System for Mobile Communications) and SM S (Short
Message Service) based.

Supports Win98/M E/2000/X P

Real-time data transmission rate of up to 43.2kbps
Universal Serial Bus (USB) Compliant

Plug and Play feature

Server

Processor with CPU clock at least 450 megahertz (MHZz)
capability or above

128MB RAM or above

3.5GB HDD space or above

1 Universal Serial Bus (USB) or above
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2.6.2 Softwar e Specification

Below isthelist of software specifications that are needed for devel opment of forecasting

system in application server.

Area of Utilization Softwar e Required
Operating System Microsoft Windows X P Professional
Database Microsoft SQL Server
Development platform Microsoft Visual Basic .NET

Desktop Mapping Solution Maplnfo Professional 6.0 & Klang Valey Map

Technical Computing

(assisting tool) MATLAB Version 6.5.1

2.6.3 Programming L anguages

Development Platform —Visual Basic.NET

We are proposing to use Visual Basic.NET to develop our application server because we
found VB.NET is more compatible in developing application which needs to be updated
with heavy data stream from time to time. Besides, VB.NET is equipped with different
features which are able to enhance our application to be written in far more graphically

rich and better interface control.

In another way, we can aways use ActiveX Data Objects (ADO) under Visua
Basic.NET, which is currently called as ADO.NET. ADO.NET is important for us in

working on database connectivity.
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Desktop Mapping Solution — MapXtreme 2004 toolkits

We are proposing to use MapXtreme which is able to integrate Maplnfo’'s map with the
Visual Basic.NET development environment. It is including the numerous map
application templates that are able to configure and load the mapping environment
automatically. Besides, it is consisting map control tool, drag and drop development

functionality.

Database — Microsoft SQL Server 2000

Microsoft SQL Server 2000 is a powerful relationa Database Management System
(DBMYS) developed by Microsoft Corporation. All the data retrieval and data storage in
our application will be executed in SQL Server 2000. Performance, scalability, and
reliability are ensured. It includes a set of tools for administering the server and
generating queries. SQL Server 2005 is easy to use with little training as there are a lot of

administrative wizards to help.

SQL Server 2005 possesses the ACID (Atomicity, Consistency, Isolation, and Durability)

properties. By having ACID properties, it is proven that MS SQL Server 2005 has high

reliability. It reduces the possibility of crashing.
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Technical Computing (assisting tool) — Neural network Tool & MATLAB Library

We are proposing to use Neural Network tool and MATLAB Programming Language to
offer training on our proposed prediction agorithm, Artificial Neural Network (ANN). In
the algorithm training, we have to keep on trial and error for the input of weight value,
number of neurons and so on until the desired output pattern is trained. The training is
important for developing the particular bus traveling pattern with given particular route

and time. All the trained and extracted patterns will be implemented in forecasting model.

2.7 QUESTIONNAIRE

We had conducted a questionnaire to gain understanding on the needs of s on this mobile
information service. Besides, we wish to study more about impression of passengers on

bus and the main reasons which caused the delay of bus arrival time.

This questionnaire is conducted to public which is range from working people, retiree,
university students, college students and secondary students. 100 participants took part in

our questionnaires. Please refer to the appendix for the questionnaire.

At here, we are focusing in discussing result and analysis of 10 questions only. These 10

guestions are mainly indicating the direct concern and impact to this mobile information

service.

-33-



The SM S Based Forecasting System of Public Transport Arrival Time

2.7.1 Result and Analysis of Questionnaire

2.7.1.1 Doesthe bus normally arrive the expected time?

BusArrive at Expected Time

Figure 2.9: Result for questionnaire part | - question 4

Analysis: Around 62% of participants agreed that bus always not arrive as their expected
time. At here, we are indicating the expected time as the bus schedule time. This result
proved that buses always late arrive to particular bus stop. It had shown that this issue

should be concerned serioudly.
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2.7.1.2 On average, how long do you need to wait before the bus arrives?

The Total Time of Waiting Bus

Per centage

u Bl S

Time

Figure 2.10: Result for questionnaire part | - question 5

Analysis. Most of the participants have spent 15 minutes for waiting bus at bus stop. It
follows with 45 minutes and 30 minutes waiting time. This is not a good sign for bus
passengers who aways have to wait for long time at a possibly unpleasant or unsafe bus

stop. The finding supports strongly our motive in reducing the time for waiting bus at bus

stop.
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2.7.1.3 Do you think which of the following factorswill affect the busarrival time?

(you may take more than one option)

Per centage

Factors of Affect Bus Arrival Time

IﬂlD%

& -
PPy —~ %
* -

Q N—r
>

Factors

Figure 2.11: Result for questionnaire part | - question 6

Analysis. The finding report obviously shown traffic congestion is the main factor which

affects the arrival time of bus. This is followed by weather condition and number of

passenger boarding and alighting at bus stop. The purpose of this question is to assist us

in considering the parameters of prediction in our forecasting system.
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2.7.1.4 Do you wish to be offered a SM S Service which can always keep you update

with thebusarrival time?

The need of offering SM S Service
for updating bus arrival time

Figure 2.12: Result for questionnaire part Il - question 4

Analysis: Around 81% of the participants preferred to be offered with the cost effective
SMS Service which can update them with the bus arrival time. The positive feedbacks of
this question strongly support our intention in benefiting public with this mobile
information service. Most of the participants had shown that the total of time in getting

them to destination is the most desired information for them in planning personal journey.
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2.7.1.5How important isSMSalert for busarrival timeto you?

The Important of SM S Alert for
Bus Arrival Time

ﬁ-l--
\ N

C \ S

Per centage

Priority

Figure 2.13: Result for questionnaire part Il - question 5

Analysis. The result shown that SMS alert in informing bus arrival time is only consider
as nice to have service for them. However, there were averagely 10% of the participants
consider it not important and not to have at all. We had been done a further survey for
this issue. We successfully found that SMS alert is more important and meant for

working people compare with students or retirees.
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3.0METHODOLOGY

3.1SYSTEM DEVELOPMENT METHODLOGY

For the development of this forecasting system, we adopt the System Development Life
Cycle (SDLC) methodology. The progress of the system from initiation to completion is
explicitly staged into six maor phases. There are consisting Project Identification and
Selection, Project Initiation and Planning, Anaysis, Design, Implementation and
Maintenance. For the second semester, we are concentrating more on the first four phases

of the SDLC, whereby the last two phases is planned to work during third semester.
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Project Priorities for systems and projects; an architecture for data,
ldentification networks, hardware, and 1S management is the result of
and Selection 9 associated systems planning activities.
Detailed steps, or work plan, for project; specification of
3 . system scope and high-level system requirements or features,
@ Project Initiation assignment of team members and other resources; system
and Planning justification or business case.

9 Description of current system and where
problems or opportunities are with a general

S

recommendation on how to fix, enhance, or

The description of the
recommended solution is

Analysis replace current system; explanation of alternative
systems and justification for chosen alternative.
S p——

converted into logical and then 9

physical system specifications. @

Code, testing, documentation, training

Implementation

procedures, and support capabilities. 9

New versions or releases of software [ M aintenance

with associated updates to

documentation, training, and support.

Figure 3.1: System Development Life Cycle (SDLC)

3.1.1 Project Identification and Selection

The initial idea of project was identified and selected through the importance of time for

current busy life. We have observed that we have been using at least ¥ of day in

traveling on road everyday. In another word, we are spending at least 2 hours for

transportation traveling on road everyday. This case is even worse for public

transportation passengers.
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Hence, we are stimulated for the forecasting system with the purpose of reducing the
amount of time in traveling with public transportation. The key focus here is trying to
reduce the waiting time of passengersin bus stops. Eventually, it brings to another aspect
where passengers can aways choose the best mode of transportation on that location and

time for planning every personal trip efficiently.

3.1.2 Project Initiation and Planning

With the recognition of the need to offer this benefit as mobile information service, the
whole project was initiated. As with the project initiation process, the size, scope and

complexity of whole project were clearly defined.

In considering the cost factor of entire project, we are making numerous assumptions
about the resource availability in the project. Partially, the datasets are collecting
manually. Further, the forecasting system is simulated with manually input as rea time

update information.
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3.1.3 Analysis

In analysis phase, we applied data collection, meeting with industrial persons and
research methodology. All of these methods are important for us to collect sufficient
information and gain clear understanding before we start our implementation phase for

the proposed model of forecasting system.

Through data collection method, we need to specificaly understand on the traveling
parameter for particular bus route. We aim to gain a clearer view for the correlation of
prediction parameters in given bus route and time. With that, we can also clearly define

the priority of parameters for each of the prediction parametersin forecasting system.

During the meeting of industrial persons, we are aim to understand the benefits,
feasibility and implementation of this service from the business perspectives. Besides, we
were given with constructive opinions and advices for the potential implementation
methods and problems in order to make the entire service to be more reliable and cost
effective. Hence, we are able to propose the more reaistic implementation model of

forecasting system.
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Through research methodology, we aim to have an understanding and clearer view on the
basic concept of potential algorithms for the proposed model of this forecasting system.
Therefore, we are able to select the most suitable algorithms for the implementation of
the proposed model. Moreover, we are able to clearly define al the potential limitations

or difficulties encountered for the proposed implementation model.

Due to that, we will be able to search for aternatives methods for overcoming these
obstacles. Below are some methodologies for us in conducting researches in order to

collect useful information:

a. Online Publication

There is a lot of information available on the internet. We have used severa popular
search engines (example: Google and Y ahoo) to collect useful online publication. The
online publications that we collected are consisting journals, whitepapers, thesis and so
on. Besides, we were recommended and offered by our project supervisor, Mr. Ng Keng
Hoong with several online publications journal papers as well. Generaly, al the
researches were discussed and done with different implementation methods and
prediction algorithms. After collecting all the information, we were busy studying it and
select the most suitable implementation methods and prediction agorithms for our

proposed forecasting model.
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b. Books

We aso looked for textbooks and reference books from ours' university digital library by
using online database search. All of the reference books which explain the fundamental
concept of prediction agorithms are important for us to grab some basic ideas and
concept of the implementation of prediction algorithms in our proposed forecasting

model.

c. Websiteresour ces

We used to search through World Wide Web for online articles, web pages and potentia
implementation sample solutions. We are successfully found there is rea word
forecasting solutions is implementing in United States. For example, Nextbus provides
this mobile information service through different mobile platform. Whereby there is
another existing university research project which is currently working by University

Washington.

3.1.4 Design

With the collected information and references, we start to design our proposed
forecasting model. All the designs are clearly explain in System Architecture Diagram,
Data Flow Diagram (DFD) and Entity Relationship Diagram (ERD). Besides, we

designed the data collection forms, survey forms and interface of the system.
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4.0 PROPOSED SOLUTION

In this section, we will highlight the system structure or system architecture, Data Flow
Diagram (DFD), Entity Relation Diagram (ERD), Flow chart and State Transition

diagram (STD).

4.1 SYSTEM STRUCTURE OR SYSTEM ARCHITECTURE

FORECASTING

SYSTEM
L 4 h 4
CLIENT SERVER DATABASE
Mobile Phone Application Server
Client

Figure4.1: System Components
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The proposed forecasting system consists of three components: the client, the server, the
database. The client of forecasting system is who interested to know the bus arrival time
at particular bus stop. The client will send the request to the forecasting system using a

mobile phone (SMS) therefore we named the client as mobile phone client.

The server is the application server that is doing the prediction and manages the request

and reply of SMS from the mobile phone client.

The database component is where al the static and dynamic information used for the
prediction as well as the prediction results are stored. Dynamic information is the ever
changing information in the actual world such as the real-time for the traffic condition
and the bus’s operation. Static information is the fixed information such as the route, the

bus stop, etc
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Short Messaging
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(SMSC)
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Application Server

GSM : Global System for Mobile Communications
HTTP: HyperText Transfer Protocol
ODBC: Open DataBase Connectivity Database

Figure 4.2: System Architecture

We are proposing a forecasting system (here after refer as the System) that is able to

predict the arrival time of particular bus on the particular route. The System is a fully

automated system that will attend to client’s SM S request.

When a client sends a request SMS to the System, the SMS will go through the mobile
network and reaches the application server of the System via a GPRS modem. The
application server of the System will connects to a database containing the information of
the prediction results. The System will process the client’s request and reply the client

with the requested information; the estimated bus arrival time at a particular bus stop.

-47 -



The SM S Based Forecasting System of Public Transport Arrival Time

At the same time, the System will get real-time information using HTTP connection and
uses this real-time information to constantly predict the bus arrival time. The real-time

information and the prediction results will be stored in the database.

4.2 PROCESSMODELING

4.2.1 Context diagram

BUS COMPANY

Bus route and
schedule

v

0.0
INTEGRATED
Bus current
TRANSPORT Traffic e GLOBAL
INFORMATION [ information +— Speed ' —— posITION
SYSTEM (ITIS) Forecasting System SYSTEM (GPS)

T |
SMS Reply

SMS

Request
I

MOBILE PHONE CLIENT

Figure 4.3: Context Diagram

The System requires three external inputs which are the bus route and schedule from bus
company, traffic information from ITIS, and bus's current speed and location from GPS

device.
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The bus's route and schedule is a one time input from the bus company for us to feed into
the System as part of the initiation of the System. However, we will update the System
with the latest bus route & schedule from time to time. The bus's route mainly will be
used to determine the road that the buses are going to travel through, the location of bus
stop, and the distance between two bus stops. The bus schedule in another hand will be
used for us to evaluate the accuracy of the System and to assist us in maintaining the

System.

The GPS will feed the System with real-time information of the bus's current speed and
bus's current location. The System will use these GPS information to determine the
arrival time of particular bus at the particular bus stop. This information alows the
System to evauate the accuracy of the prediction and optimize the prediction whenever
necessary. Furthermore, these GPS information will be used for the System to keep track
on the progress of the bus. Thus, it is able to acknowledge the administrator if the bus

meets with unexpected incident.

The System will receive real-time traffic congestion information such as traffic
information from ITIS and use that information to feed into the Artificial Neural Network
(ANN) in order to predict the arrival time of bus. Apart from that, the traffic information

might be used to optimize the prediction result as well.
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As described in the previous chapter, traffic condition is the most influential factor in
bus's arrival time. Hence, the System needs this real-time traffic information to produce

the prediction result with higher accuracy.

4.2.2 DFD Level-0
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| loca ion of us eographical information | —
routes D2 | ke of particular
bus route
GLOBAL Receive and
POSITION Bus current distribute data Bus traveling
SYSTEM (GPS speed and ——— information —p»| p3 | Statistical Information Statistical of
{ ) location . File T particular bus
A .l traveling
Bus current speed information
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B t ’ Distance of
BUS COMPANY uzc;o:dﬁlznd ] : Historiclal Traffic information bus stops at
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SMS SMS Result Daily Daily traffic Procese
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Receive SMS 6.0 Baseline
DS Prediction Result estimate of bus
File arrival time
7.0 Compose prediction
result to SMS Traffic info at
particular route;
Request oot Bus current
SMs Send SMS v speed & location
Request
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| Request » 30 _
SMIS Predicted bus sl
reply " ival time aseline
Prediction arriva :
result Felch predicted Opfimize bua | d——— estimate of bus
Sem arrival time Arrival.ume
MOBILE PHONE
CLIENT

Figure4.4: DFD Level-0

The System is an automated prediction system that receives SMS from user and reply
user with the desired reply which is the predicted arrival time of bus. The System will

take real-time information from various sources to predict and optimize the arrival time
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of bus. ITIS, GPS and bus company will provide the System with information such as the

speed of bus, traffic information, bus route, etc.

A distributor process will then analyze the incoming information and insert the
information into databases accordingly. The System will run a process to predict the
arrival time of bus using the information in the databases. Artificial Neural Network
(ANN) will be used to achieve the goa because ANN has high accuracy in predicting

arrival time.

Afterwards, the System will use an optimization agorithm using real-time information to
optimize the estimated prediction result in order to increase the accuracy and reliability of
the prediction. These predicted results will be stored in a database and will be used for

replying the SM S requests.

When the System receives SMS requests from user, the System will queue the SMS
requests in a database and serve the requests one by one. The System serves the request
by querying the database for the desired prediction time and composes SMS to reply to

the client.

Before the SMSreply is send to the client, the SMS reply will be again stored in database.
With this method, the System will have better control over the receiving of SMS and the
sending of SMS. Periodicaly, the System will update the databases with most up-to-date

information collected during its operation.
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4.2.3DFD Level-1

4.2.3.1 Decomposition of Process 1.0

T

Bus traveling Bus schedule

information;
Traffic information

v
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" location of bus —
Bus current
— speed and ——Jm| Collect — Raw data — | Compile and Information ——j»{ Categorize and )
location incoming data format data distribute infomation Bus traveling
information >

T

Bus route and
schedule

Bus current speed
and location;
Traffic information

Figure4.5: DFD Level-1 for Process 1.0

The System will receive incoming data and determine the content of the data, Process 1.1.
When the data is completely received by the System, the System will send the raw data

for further processing, Process 1.2.

During Process 1.2, the System will determine the source. Then, the raw data will be
anayzed and the necessary information will be extracted from the raw data. In fact, the
System will filter unnecessary and junk data. Lastly the System will determine the correct

database for storing different incoming data.
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4.2.3.2 Decomposition of Process 2.0
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Statistical of
particular bus
traveling
information

Figure 4.6: DFD Level-1 for Process 2.0

This process is where the Artificial Neural Network (ANN) resides. The System will
fetch the required data such as the scheduled arrival time of the bus, distance and location
of the bus, and the statistical traveling information of the bus to feed into the ANN,

Process 2.1.

ANN will compute and determine the estimated arrival time of the bus to a particular bus

stop which is the output to the System, Process 2.2.
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4.2.3.3 Decomposition of Process 3.0
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Figure4.7: DFD Level-1 for Process 3.0

The System is capable to evaluate the predicted arrival time and optimize the predictions

as necessary. Whenever the optimization is required, the System will start Process 3.0.

Optimization starts by defining the dynamic calculation parameters, Process 3.1). The
dynamic calculation parameters are including the traffic information of the particular

route, the location of the bus, the speed of the bus and so forth.
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Then, these ever changing parameters are collected and pooled together with the baseline
estimation from ANN and stored inside the temporary storage for optimization. The
System will use the real-time data to calculate the current actual average speed of the bus

and feed into the System, Process 3.2.

Using the actual bus speed and the other dynamic parameter as well as the baseline

estimation from ANN, the System will calculate and optimize the baseline estimation.

Finally produce the optimized prediction of bus arrival time as output.

With such high accuracy real-time data, the optimized results will have higher accuracy

which is approximating rea -time prediction.

4.2.3.4 Decomposition of Process 4.0

4.1 4.2

S5MS Verified Incoming
— e — R < — —
request Verify format of 5MS Queue up SMS 5M5
SMS request

Figure 4.8: DFD Level-1 for Process 4.0

Whenever the System receives SMS request, the System will verify the format of the
SMS, Process 4.1. If the SMS request is valid, the System will queue the SMS in
database in order to be served by the System, Process 4.2. The System will serve each of

the SM S requests in the database with the predicted arrival time.
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4.2.3.5 Decomposition of Process 5.0
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Figure4.9: DFD Level-1 for Process 5.0

Prediction
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SMS request will trigger the System to fetch the predicted result and reply to the client.

When the System receives the prediction request, the System will process the SMS

request by identifying the content and strip the SM S request as necessary, Process 5.1.

The System will extract the required parameter such as bus number and use the

information to query the database for the desired result, Process 5.2. The result from the

database will be used as SM S reply to the client.
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4.2.3.6 Decomposition of Process 6.0

6.1 6.2
Prediction Complete
— —» s e — SMS Result —P
PeBL Compile & format S Get Client
prediction result phone number

Figure 4.10: DFD Level-1 for Process 6.0

Upon receiving the prediction result, the System will format the result and compose the
result into SMS, Process 6.1. The System will get the client’s phone number and

complete the SM S reply and queue the SM S reply into the database, Process 6.2.

4.2.3.7 Decomposition of Process 7.0

Tl | et

___ Outgoing ) Ready > ____ SMSreply —p»
SMS Check on 5MS Queue up SMS
SMS readiness

Figure4.11: DFD Level-1 for Process 7.0

The System will check the database for pending SMS reply and send out al SMS reply
which is ready to be send, Process 7.1. SMS that is queued in the database will be
checked if the client’s phone number is valid, the replying result is valid before sending

the SM S reply through the GPRS modem, Process 7.2.
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4.2.3.8 Decomposition of Process 8.0

Daily traffic
result
v
81 8.2
Daily ; _
— prediction — —— Daily results —J» — .nl—;ft:q:f.?n —»
result Compile all Filter & format fntormati
daily results results

Figure 4.12: DFD Level-1 for Process 8.0

Based on a preference, the System will collect the daily traffic results and the daily
prediction results and then store the information into databases. The information will be
compiled, Process 8.1 and formatted, Process 8.2 before storing into databases as

historical information.

Thisis acapability of the System to keep track on the accuracy of the System. This

historical information isimportant for the training of ANN in coming future.
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4.3 CONCEPTUAL DATA MODELING

4.3.1 Entity Relationship Diagram (ERD)

Incoming SMS

 [1:1] /\
generates

1[1:1]

Statistical

Is belonged to

1[1:N]

Route

1[1:N]

o5

contains

M [1:1] 1[1:N]

Is belonged to

Is belonged to

Nt

Outgoing SMS

1 [1:N] 6 M [1:1]

PredictionResult

1[1:N]
]

Is belonged to
M[1:1] 1[1:N]

Segment

M[1:1]

1[1:N]

RealTimeBus

BusStop

M [2:2]

Figure 4.13: ERD for entire for
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4.3.1.2 Decomposition of Entity Relationship Diagram (ERD)

SMESDestination

A IncomingSMS

1[1:4]

generat OutgoingSMS
101:1]

SMSQueuaTime

=)
Comme >

Figure 4.14: Decomposed ERD between incoming and outgoing SMS

ENTITY ATTRIBUTE
SM SInID, SMSStatus, SM SRoute, SM SDestination,
IncomingSM S
SMSCallerNum, SMSArrvTime
SM SOutl D, SMSResult, SM SStatus, SM SQueueTime,
OutgoingSMS

SMSSentTime, SMSInID

Anincoming SMS that request the arrival time of bus will generate an outgoing SMS.

An outgoing isthe result of generation of an incoming SMS.
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StatisticallD

SegStariTime

M [1:1] 1 [1:N]

Statistical Info Is belonged to

BusPlateMum

OwnerMame

Figure 4.15: Decomposed ERD between statistical information and bus

ENTITY

ATTRIBUTE

Statistical

Statisticall D, StartTime, SeglD, BusID, RoutelD, Interva Time,

SegStartTime

Bus

Busl D, BusPlateNum, Owner Name

Many statistical information are belonged to one bus. StartTime will be the departure

time of a particular busin thefirst station (origin)

One bus can have many statistical information
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StatisticallD

RoutelD

Route

M[1:1]
Y Siatistical Info Iz belonged to

SegStartTime

Figure 4.16: Decomposed ERD between statistical information and routes

ENTITY ATTRIBUTE
Statisticall D, StartTime, SeglD, BusID, RoutelD, Interva Time,
Statistical
SegStartTime
Route Routel D, RouteName

Many statistical information are belonged to one route. StartTime will be the
departure time of a particular busin the first station (origin)

One route can have many statistical information
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SeqStariBusSioplD

M [1:1] 1[1:N] !
Statistical Info Iz belonged to Segment -

SegEndBusSteplD
SegStartTime

Figure 4.17: Decomposed ERD between statistical information and segment

ENTITY ATTRIBUTE
Statisticall D, StartTime, SeglD, BusID, RoutelD, Interval Time,
Statistical
SegStartTime
Seal D, SegName, SegDistance, SegStartBusStopl D,
Segment

SegEndBusStopl D, RoutelD

Many statistical information are belonged to one segment. StartTime will be the
departure time of a particular busin the first station (origin)

One segment can have many statistical information
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BusPlateNum

Bus

1 [1:M] M [1:1]
RealTimeBus

Figure 4.18: Decomposed ERD between bus and real time bus

ENTITY ATTRIBUTE
Bus Busl D, BusPlateNum, Owner Name
RealTimeBusl D, OriginStartTime, GPSTimeStamp, BusID,
Real TimeBus

Easting_X, Northing_Y, BusStopID, RoutelD

One bus has many real time information

Many real time information are belonged to one bus
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Route 1D

RouteMame

i

Route

1[1N] @ M [1:1]
Segment

Figure 4.19: Decomposed ERD between route and segment

SeqStartBusStopiD
SegEndBusStoplD

RoutelD

ENTITY

ATTRIBUTE

Route

Routel D, RouteName

Segment

Segl D, SegName, SegDistance, SegStartBusStopl D,

SegEndBusStopl D, Routel D

One route contains many segments

Many segments are belonged to one route.
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PredictiD

BusPlateMum

1[1:N] M[1:1]
Bus PredictionResult

Figure 4.20: Decomposed ERD between bus and prediction result

ENTITY ATTRIBUTE

Bus Busl D, BusPlateNum, Owner Name

Predictl D, StartTime, BusID, PredictedArrvTime,
PredictionResult
EndBusStopl D, SegmentID, ActualArrvTime

One bus has many prediction result

Many prediction result are belonged to one bus
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BusStoplD
' M[1:1] ;
PrediciienResult 6 1[1:N Bk -

BusStophame

BusStop_X
BusStop_Y

Figure 4.21: Decomposed ERD between bus stop and prediction result

ENTITY ATTRIBUTE
Predictl D, StartTime, BuslID, PredictedArrvTime,
PredictionResult
EndBusStopl D, SeglD, ActualArrvTime
BusStop BusStopl D, BusStopName, BusStop_X, BusStop_Y

Many prediction results are belonged to one bus stop.

One bus stop has many Prediction Result
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Figure 4.22: Decomposed ERD between bus stop and segment

ENTITY ATTRIBUTE

Seqgl D, SegName, SegDistance, SegStartBusStopi D,

Segment
SegEndBusStopl D, RoutelD
BusStop BusStopl D, BusStopName, BusStop X, BusStop Y

One segment has exactly two bus stops. We segment the route based on bus stop.

Two bus stops are located in one segment.
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Figure 4.23: Decomposed ERD between bus stop and real time bus

ENTITY ATTRIBUTE
BusStop BusStopl D, BusStopName, BusStop X, BusStop Y
Real TimeBusl D, OriginStartTime, GPSTimeStamp, BusID,
Rea TimeBus

Easting_X, Northing_Y, BusStopID, RoutelD

One bus stop has many rea time information

Many real time information are belonged to one bus stop
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Figure 4.24: Decomposed ERD between route and real time bus

ENTITY

ATTRIBUTE

Route

Routel D, RouteName

Real TimeBus

Real TimeBusl D, OriginStartTime, GPSTimeStamp, BusID,

Easting_X, Northing_Y, BusStopID, RoutelD

Oneroute has many real time information

Many real time information are belonged to one route
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Figure 4.25: Decomposed ERD between segment and prediction result

ENTITY ATTRIBUTE
Predictl D, StartTime, BusID, PredictedArrvTime,
PredictionResult
EndBusStopl D, SeglD, ActualArrvTime
Seql D, SegName, SegDistance, SegStartBusStopl D,
Segment

SegEndBusStopl D, RoutelD

Many prediction results are belonged to one segment.

One segment has many Prediction Result
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4.3.1.2 Relational Diagram

Figure 4.26: Relational Diagram
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4.3.2 Data Dictionary

4.3.2.1 Table Name: IncomingSM S

AttributeName | Contents Type Format Required | PK/FK '.:rligfg
SMSInID Incoming integer Yes PK
SMSID
SM SStatus Status of varchar(10) | X
SMS
SMSRoute Route of varchar(50) | X
Bus
SMSDestination | Destination varchar(20) | XX
Bus Stop
SMSCallerNum | Client’'s char(12) XXXXXXXXXXX
Cellphone
Number
SMSArrvTime | Arriva datetime DD/MM/YYYY
Time of
SMS
4.3.2.2 Table Name: OutgoingSM S
. . FK REF
Attribute Name Contents Type Format Required | PK/FK TABLE
SMSOutID Outgoing integer Yes PK
SMSID
SM SResult Predicted varchar(50) | X
Arrival Time
of Bus
SM SStatus Status of SMS | varchar(10) | X
SMSQueueTime | Queue Time datetime DD/MM/YY
of SMS YY
SMSSentTime Sent Time of datetime DD/MM/YY
SMS YY
SMSInID Incoming integer Yes FK Incoming
SMSID SMS
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4.3.2.3 Table Name: Bus

Attribute Name Contents Type Format | Required | PK/FK ?ZSEE
BuslD BusID integer Yes PK
BusPlateNum Plate Number varchar(7) | X
of Bus
OwnerName Owner of Bus | varchar(50) | XX
4.3.2.4 Table Name: Route
) . FK REF
Attribute Name Contents Type Format | Required | PK/FK TABLE
Routel D Route ID integer Yes PK
RouteName Name of The | varchar(30) | XXX
Route
4.3.2.5 Table Name: BusStop
Attribute Name Contents Type Format | Required | PK/FK ﬁ&gfg
BusStoplD Bus Stop ID integer Yes PK
BusStopName Name of Bus varchar(50) | XX
Stop
BusStop_X Bus Stop numeric
Location in
X-AXis
BusStop_Y Bus Stop numeric
Locationin
Y-Axis
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4.3.2.6 Table Name: Segment

: . PK/ FK REF
Attribute Name Contents Type Format Required FK TABLE
SeglD Segment 1D integer Yes PK
SegName Name of varchar(20) | XX
Segment
SegDistance Distance of numeric
the Segment
SegStartBusStopl D Starting Bus integer BusStop
Stop ID in FK
Segment
SegEndBusStopl D Ending Bus integer BusStop
Stop ID in FK
Segment
Routel D Route ID FK Route
4.3.2.7 Table Name: PredictionResult
. Require FK REF
Attribute Name Contents Type Format d PK/FK TABLE
PredictiD Prediction Integer Yes PK
Result ID
StartTime Departure Time | varchar(50) | X Yes
of busat origin
BuslD BusID integer Yes FK Bus
PredictedArrvTime | Predicted Bus float
Arrival Time
EndBusStopl D Bus Stop ID integer FK BusStop
Segmentl D Segment ID integer FK Segment
ActualArrvTime Actual Bus float
Arrival Time
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4.3.2.8 Table Name: RealTimeBus

_ . FK REF
Attribute Name Contents Type Format | Required | PK/FK TABLE
Rea TimeBusID Real TimeBus ID integer Yes PK
OriginStartTime Bus Depart Time varchar X Yes

(50)
GPSTimeStamp Time Recorded By varchar X Yes
GPS (50)
BuslD BusID integer Yes FK Bus
Easting_X Bus Location in numeric
X-Axis
Northing_Y Bus Location in numeric
Y-Axis
BusStopl D Bus Stop ID integer
P P & FK BusStop
RoutelD Route ID integer
FK Route
4.3.2.9 Table Name: Statistical
Attribute Name Contents Type Format | Required | PK/FK ":I'IXBREIIE:

StatisticalID Statistical ID Integer Yes PK
StartTime Start Timeof a | varchar (50) | X Yes

trip

SeglD Segment 1D integer Yes FK Segment
BuslD BusID integer Yes FK Bus
Routel D Route ID integer Yes FK Route
Interval Time Time from one decimal

stop to another
SegStartTime Start Time of varchar (50) | X
a Segment
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44 FLOW CHART

4.4.1 Receive & Reply SMS

Figure4.27: Flow Chart for SMS
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System starts by receiving SMS request from client. System will verify the SMS format
and al invalid SM S request will be discarded. All valid SMS request will be stripped and

inserted into the SM S database for further processing.

From time to time, the system will fetch the SM S request from SM S database and use the
request to query the prediction result database. If query result is valid, system will further
process the query result. Otherwise the system will handle the invalid query result as

input error.

System will process all valid results and compose SMS reply from the query result and
then insert the SMS reply into the SMS database. System will then fetch the SMS reply
and send to user. System ends by updating the SM S database with the status of each SMS

sent.
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4.4.2 Distributor

Figure 4.28: Flow Chart for distributor
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System starts by receiving incoming information. Then system will determine the source
of the information. If the source of the information is unknown or not trusted then system
will discard the incoming information. This function is to filter any junk information and

to increase system’ s security.

When system receives information from trusted party, system will verify the incoming
information format. System will discard any invalid, incomplete and irrelevant

information and only providing clean and useful information for further processing.

System will strip the filtered information and determine the content of the incoming

information. System will perform multiple choice operations to insert all incoming

information into databases accordingly.
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4.4.3 Prediction

Figure 4.29: Flow Chart for prediction
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System starts by initializing the required parameters. Then, system will get bus
information from the bus database, geographical information from the geographical
database, and statistical information from the statistical information database. When all
the parameter and information are ready, system will format, manipulate and compile the

information.

This pool of information is the input to be feed into Artificial Neural Network (ANN) to
predict the bus arrival time. The compiled information will be stored temporarily as a
pool of data. ANN will use the pooled information and perform some complex
calculation to predict the bus arrival time. The output from ANN will be the baseline
estimation and will be stored as a pool of data for further processing. At the same time,
System will perform some verification on the data to determine the accuracy of the
baseline estimation and decide if optimization is required. If baseline estimation does not
require optimization, system will compile a set of prediction result and insert into the

prediction result database.

When optimization is required, system will call the dynamic optimization procedure.
Dynamic optimization procedure will get geographical information from the geographical
information database and real-time information from the real-time information database.
System will use the real-time information to calculate bus average speed, incorporate the
calculation results with the baseline estimation and pool the information into a pool of

data ready for dynamic optimization computation.
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System will use an agorithm to optimize the baseline estimation and produce the
optimized estimation. System will use the optimized baseline estimation as the optimized

prediction result and insert into the prediction result database.

45 STATE TRANSITION DIAGRAM

4.5.1 Receive & Reply SMS

Figure 4.30: Sate Transition Diagram for SMS

Program starts in receiving listening state to get incoming SMS. When SMS request is
received, System will change to verifying state and verify the format of the SMS. SMS

request with invalid format will be discarded in this state.
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When the SMS request is verified, System will move to stripping state. The valid and
verified SMS will be processed in the stripping state. SMS request will be temporarily

stored in adatabase for operation purposes. This happensin waiting state.

During the waiting state, SMS request is queuing in the database and keep in pending.
Once the System is in the querying state, System will take pending SMS request from
database to perform query. Querying state will produce the prediction result and then

proceed to checking state.

Checking state will check the prediction result. It jumps into the error state and terminate
from System if there is an invalid prediction result. Otherwise system will proceed to

composing state where System will compose SM S reply to the client.

Again, System jump into the waiting state when sending the pending SMSreply. Finaly

System moved to the delivered state indicating the SMS reply is sent to the client.
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4.5.2 Distributor

Figure 4.31: Sate Transition Diagram for distributor

System starts by receiving incoming data. The System will be in receiving state
continuing to collect and receive incoming data. When all data are collected, System will
reach checking state whereby system will start to check the source of the data. If the data
is found to be damaged or invalid then System will discard the data. Checking state is

repeated until all incoming data is checked.

After the collected data are checked, System will change to verifying state whereby the
format and the content of the data will be verified. System will discard al the dataif the
data violates the predefined data format and content. Again, verifying state is repeated

until all datais verified.
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Program will reach stripping state when al the collected data are checked and verified. In
the stripping state, system will process the data into information and system will reach
categorizing state after all of the data are stripped into information.

In the categorization state, system will categorize the information into blocks of

categorized information. System ends after reaching the delivered state which means all

collected data are processed and delivered accordingly into the System’ s database storage.

4.5.3 Prediction

Figure 4.32: Sate Transition Diagram for prediction
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System starts in the formatting state where the system will retrieve and format necessary
information for the System. System will then enter the inputting state. Using the
formatted information as input, System will prepare the input for Artificial Neural

Network (ANN).

During the processing state, system will use ANN to produce a baseline estimation of the
bus arrival time. Depending on the output of the ANN, System might jump to delivered
state and terminate from the System if the prediction result is above acceptable accuracy.

Thisindicating the bus arrival time prediction is completed.

However, if the prediction result is below the acceptable accuracy, System will proceed
to initializing state. This initializing state is where the system initializes an optimization
procedure in order to optimize the baseline estimation from ANN. During initializing

state, it will produce a set of dynamic parameters.

System will proceed to formatting state. Using the dynamic parameter from the
initializing state, System will format the dynamic parameters and produce formatted
information for optimization. Afterwards, System will proceed to inputting state. During
this inputting state, system will use all the formatted information for process. Inputting

state will produce the input for optimization.

When System is in optimizing state, System will use al the input for optimization and

optimize prediction results. Output of the optimizing state will be the optimized

-87-



The SM S Based Forecasting System of Public Transport Arrival Time

prediction result and System will proceed to delivered state indicating bus arrival time

prediction is complete.

4.6 IMPLEMENTATION OF ARTIFICIAL NEURAL NETWORK
(ANN)

Based on our studies and understanding, Artificial Neural Network (ANN) time series
forecasting is commonly used for difference type of prediction and forecasting system.

For instance, business and economic forecasting, weather forecasting and so forth.

Furthermore, research papers undoubtedly showed the implementation of ANN in bus
arrival time forecasting system. Therefore the backbone of our forecasting system is
using ANN as the core of our forecasting system. Generally, we will implement a
Multilayer-Perceptron ANN (MLP ANN) consisting of input layer, hidden layer and

output layer.

Input layer which take in information such as time of prediction, traffic condition and bus
route for prediction. The information from input will be passed through hidden layer and

an output produced.

At here, we are concentrating for single hidden layer only. It will process the inputs using
ANN functions. The weights sum of input that are specially tailored for our forecasting
system. Finally, the output unit of ANN will be the estimated time interval between 2 bus

stops and it forms the output layer.
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5.0 IMPLEMENTATION PLAN

5.1 THE WORKFLOW AND TIMELINE FOR TRIMESTER 2

Figure 5.1: The workflow and timeline for Trimester 2
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5.2 THE WORKFLOW AND TIMELINE FOR TRIMESTER 3

Figure 5.2: The workflow and timeline for Trimester 3
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6.0 SYSTEM IMPLEMENTATION

6.1 MODULE CONFIGURATION
6.1.1 Mobile Phone Client

We had divided our system into several separate modules.

Figure 6.1: Module diagram
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6.1.1.1 Module 1. Send & Recelve SM'S (Short M essage Service) System

The main interface between the user and PredictBus system is the SMS interface. This
interface will alow PredictBus system to receive SMS request from users, processes the
SMS request and replies with the prediction result and other relevant information to the
user via SMS. All these functions are done by the Send & Receive SMS system. Apart
from that, Send & Receive SMS system is equipped with several crucia functions such

as connect to modem, disconnect from modem and verify user’s request.

When user sendsin a SMS request, user will need to follow a predefined content in order

to assure that the system will understand and able to process the SMS request

successfully. The following isthe SMS input format for PredictBus system:

<Route Number>SPACE< Bus Sop Name>

Figure 6.2: Sample screen of SMSrequest format
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Using a predefined reply template, PredictBus system will reply users with the prediction

result using a standard template. The following is the template of the reply SMS:

Bus: <Route Number>
Target Bus Stop: <Bus Sop Name>

Arrival Time: <Predicted Arrival Time>

Figure 6.3: Sample screen of SMSreply format

For the matter of usability, PredictBus system is equipped with a few error messages to
inform the user the error that they have made. Identified and handled errors are listed
below:

Invalid route

Invalid bus stop name

Invalid route & bus stop name

Invalid request (Server do not have prediction result)
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PredictBus system will send user with a SMS notification (using the standard reply
template for each case stated above) immediately whenever an invalid SMS request is
received. User will be notified with the error they have made and the possible valid

requests.

Basically, the GPRS/GSM modem is aways reading and sending SMS routinely.
Whenever there is a new SMS request sent by user, it will be verified for its content
validity such as bus route and bus stop. If it isvalid, the SMS request will be inserted into
IncomingSMSS table by putting as “PENDING” status. For all invalid SMS request, an

error reply will be sent to the user immediately.

All of the SMS request will be queued in database until it is being processed by the
server. When a SMS request is selected for processing, it will be modified to
“PROCESSING” status in database. Server will then do a query to get the prediction
result from the database. The prediction result is generated by the ANN model of
PredictBus system when the system starts. When the SMS request is successfully

processed, the server will insert a SMS reply into the OutgoingSM S database.

The query is mainly referred to prediction result of seven segments which is produced by

ANN triggering and insert in PredictionResult table.
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After this, the query results from database would be inserted into OutgoingSM S table and
put as “PENDING” status. Following with this, the system will start to compose a proper

SMS reply and prepare to send to respective user.

If the SMS reply is being sent out successfully, IncomingSMS and OutgoingSM S table

will be updated with “REPLIED” status which indicate the entire SM S processing is done.

The Send & Receive SMS system is the only system that requires interaction with
external device which is the GPRS Modem. Therefore, Send & Receive SMS system
requires an APl bundled together with the GPRS modem. Using the current GPRS
modem, PredictBus system must obey the maximum length of the SM'S supported by the

modem; 160 characters.

The implementation of Send & Recelve SMS system in PredictBus system is very simple
and straightforward. The following are the three major functions of Send & Receive SMS
system:

1. Fetch SMS

2. Process Request

3. Send SMS
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In order for the above functions to operate smoothly, Send & Receive SMS system
requires the following supporting functions:

Connect Modem

Disconnect Modem

Verify SMS

Query Database

When the SMS Engine is started, PredictBus system will be connected to the GPRS
modem and a main loop will start to execute the 3 magjor functions one after another;
Fetch SMS, Process Request, and Send SMS. The reason for not to execute the three
major functions simultaneously is because:

The modem is capable to send or receive SMS at one time.

To reduce the database’'s load by not having too many connections connected

to the database simultaneously.

The implementation of Send & Receive SMS system is considered successful since the

system is able to produce desired outputs accordingly.
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6.1.2 Simulator

6.1.2.1 Module 2: Global Positioning System (GPS) Simulator

PredictBus system is a prediction system that requires real-time information from GPS
trackers. Therefore in our project, we need to produce a GPS Simulator to support the
simulation of PredictBus system. In fact, PredictBus system can only be simulated

because we do not posses a GPS device for this project.

The GPS Simulator is a simple program that reads the actual GPS data (provided by ITIS)
and send out the data (in text file) one by one with respect to current time. In fact, thisis

the most redlistic possible way of simulating a GPS tracker.

First of al, the GPS simulator will read the actual GPS data, and make a relative
comparison with the current time. The GPS simulator will start the simulation when the
second of the first record of the GPS data is same with second of current time. Every
subsequent will be simulated according to the current time. Each record will then be
output to an independent text file in a working directory for PredictBus system to pickup
and used. For demonstration purpose, the ssmulator is equipped with a “time modifier”
which enabled the simulator to increase the simulation time to about 5 times faster than

actual time.
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In general, GPS simulator is implemented based on the following pseudo code:

For the input file for GPS simulator follows the following format:

<Validation Code>
< Column name>

<OriginSartTime> ,< GPSTimeSamp>,<Busl D> ,<Northing_Y>,<Easting_X>,<Routel D>

<OriginSartTime> ,< GPSTimeStamp>,<Busl D> ,<Northing_Y> ,<Easting_X>,<Routel D>

For the input file, GPS Simulator will be using the comma (,) as deliminator.

Figure 6.4: Sample of GPSdata in input file
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The GPS Simulator will produce N numbers of GPS data file according to the following

format:

<Validation Code>
< Column name>

<OriginSQartTime> ,< GPSTimeSamp>,<Busl D> ,<Northing_Y>,<Easting_X>,<Routel D>

Please note that each of the output files will only contain one (1) GPS data. However, the
output file will still use the comma (,) as deliminator. Therefore in the working directory

of predict bus, there will be time where the folder contains more than one GPS datafile.

The validation code is used for the GPS Simulator to identify the input GPS datafile. The
column name is important to specify the data format for GPS data file. Both human and

computer can easily identify and understand the data format based on the column name.

The OriginStartTime is the timestamp each bus starts a journey. This field is important
for PredictBus system to capture the time each bus leaves the starting terminal.
GPSTimeStamp is the timestamp of the GPS Tracker. This timestamp is for PredictBus

system to identify the time each GPS data is captured.

BusID is the ID for the bus. With this BusID, PredictBus system can easily identify

which data belongs to which bus and enable PredictBus system to monitor the bus's GPS

data.
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NorthingY isthe Y coordinate of the bus location. EastingX is the X coordinate of the
bus location. Both NorthingY and EastingX is captured by GPS tracker on each bus
based on the global GPS coordinate system. PredictBus system uses NorthingY and

EastingX to keep track of the exact location of each bus and monitor their progress.

Whenever a bus reaches a bus stop, PredictBus system will capture the GPSTimeStamp
and compare with the baseline prediction from the ANN model. Optimization of

prediction result and SM S alert system rely very heavily on the result of this comparison.

RoutelD is an attribute to let PredictBus system knows which route the bus is running on.
Thus provide an additional feature to PredictBus system. In rea situation, each bus is not
assigned to a fix route but each bus is assigned to different route depending on the
demand of each route; Bus that runs on route A might be running on route B the next day.

With the Routel D attribute, PredictBus is capable to accept these dynamic changes.
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Figure 6.5: Sample of GPSdata in output file

The implementation of the GPS simulator is successful because it is able to ssimulate all
records in the actual GPS data file and able to produce each GPS data file without errors
and without skipping any of the records. Furthermore, GPS simulator works fine with

PredictBus system without crashes or errors.
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6.1.3 PredictBus System Server

6.1.3.1 Module 3: Artificial Neural Network (ANN) Prediction Algorithm

For a single trip, three ANN model have been developed and trained based on the
historical data collected by ITIS Company. The ANN model is re-trained regularly based
on system administrator preference. The ANN output, which is the bus travel time

between two bus stops, it will serve as the baseline estimate travel time.

Multilayer Feedforward (MLP) type of ANN is chosen. The first step of feedforward
network is to create the network object. The following MATLAB code shows that feed-

forward backpropagation network is created with newff function.

net =newf f (m nmax(p),[2500,1],{'tansig' , " purelin'},"trainrp');
net . trai nParam show = 100;

net . trai nParam epochs = 500;

net.trai nParam goal = le-5;

Two-layer network is created. We had used 2500 neurons in the first layer and 1 neuron
is the second (output) layer for training the ANN model. The number of neurons is

determined by trial and error method in order obtains the most optimal baseline result.

It is eventually groups all of these neurons into layers. The connections between these

layers and transfer functions comprises a functioning neural network
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Multilayer networks used the tan-sigmoid transfer function with tansig function. The
linear transfer function, purelin function is used in backpropagation network at the output
layer. According to the purelin function graph shown, it alows the output to take any

value.

The idea concept of neural network is that its parameters can be adjusted so that the
network exhibits some desired performance. We train the network to do a particular

travel time prediction.

Along the training, the network is adjusting the weight or bias parameters itself in order
to achieve the desired result. Thus, the training function used is trainrp(Resilient
Backpropagation) which is mainly update the updates weight and bias values according

to the resilient backpropagation agorithm (RPROP).

Training is also performed according training parameters, which are show, epoch and
goa with the initialized values. net.trainParam.epochs means maximum number of
epochs to train. net.trainParam.show is the interval epoch used for showing training

progress whereby net.trainParam. is the desired performance goal
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Two variables-Time-of-Day and Segment, have been selected as the input for ANN.

The output of the model is the travel time between two adjacent time points.

% me- OfF - Day and Segnent as the input
p=[7.00 7.00 7.00 7.00 7.00 7.00 7.00 ..
9.47 9.47 9.47 9.47 9.47 9.47 9.47 ..

e
NN
ww
A D
oo
oo
~N N

1

%nterval tinme between two bus stop
t=[17.9833 2.6333 1.65 7.8833 9.05 8 5.9667 ..
25.1167 2.7833 2.1833 7.85 6.2833 8.3 4.5 ..

When the ANN istriggered, it will load the well-trained ANN model and insert the entire

seven segment’ s predicted arrival time into PredictionResult table.

6.1.3.2 Module 4: Arrival Time Optimization

Optimization is the process of taking the most recent information of the bus location and
time when it arrives at that location and combines them with the baseline estimate to
predict bus arrival time for downstream time points. ANN models lack of the dynamic
feature of adjusting the prediction using the most recent information from the trip. A
dynamic optimization algorithm enables adjustment of arrival-time estimation for the trip

based on its avail able travel-time information up to the latest moment.
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Optimization starts occurring when the bus reaches the second and subsequent bus stop
of aroute. It compares the actual arrival time and the estimated time produced by ANN
and makes dynamic adjustment to all the downstream time points to reflect the most
recent arrival time. For example: The estimated arrival time for second bus stop is
6.53am and the actua arrival time is 6.54am which is computed to have one minute

difference. One minute will be added to all the subsequent time point ‘s arrival time.

After GPS captures the bus information and insert into the database, a trigger, which has
been created in Rea TimeBus, will be triggered to insert BusStoplD into Real TimeBus
table. If the bus detects the coordinate, captured by GPS, match the second and
subsequent bus stops, the actual arrival time will be updated as well, so that comparison

between predicted and actual arrival time can be carried out.
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6.1.3.3 Module 5: System Updating

In this system, new trips are added regularly to the database, training can be conducted
after an addition to ensure the ANN is up-to-date. However, before ANN can be trained.
We need to update the ANN with the latest trip information. Each new trip’s information
is appended to their respective text file according to the departure time of the bus. At the
same time, the new trip information is inserted into the Statistical table. After the new trip
information are appended to text file and inserted to the Statistical table, they are deleted

from the PredictionResult table.
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6.1.3.4 Module 6: Re-train Artificial Neural Network (ANN)

Once the new trip information is appended to the text filei.e. ANN is updated. Oncein a

while, it needs to be re-trained to ensure reliability and accuracy of the ANN.

After that, all of the text file that has been appended with the new trip information will be
combined to become a complete M-File which will then be copied to MATLAB working
directory. Administrator can choose to ater the ANN parameter such as number of
neuron, show and epoch being used. Once everything is confirmed, administrator can

trigger the MATLAB training function.

6.1.3.5Module 7: SMSAlert System

In order to assure the reliability of PredictBus system, an Alerting system is included
where an alert SMS will be sent out to the users whenever the SMS request met the
following criteria

1. The SMSrequest isreplied within 10 minutes from ‘now’.

2. Thebuswill belate to the bus stop (requested by user) for at least 10 minutes.

When both criteria are met, SMS Alert System will be fired and send user an alert SMS
immediately. This SMS Alert System is an added-value component to PredictBus system
because we believe that there is a dlight possibility that the bus might be delayed for

reasons that are impossible to foreseen.
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The SMS Alert System will use the same reply format as used in the standard PredictBus
system send & Receive SMS system. The intended purpose of using the same reply
format is because we do not want to frighten users with shocking keywords such as
“Alert”, “Attention” or “Urgent” for it is understandable that city buses might be trapped

in unforeseen traffic jam.

The following isthe SM S reply format for PredictBus system SMS Alert System.

Bus: <Route Number>

Target Bus Stop: <Bus Sop Name>

Arrival Time: <Predicted Arrival Time>

Figure 6.6: Sample screen of SMS Alert format
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The implementation of SMS Alert System is very straightforward. It only involves steps

listed below:

1. Store previous prediction results. (Before optimization)

2. Get the current prediction results. (After optimization)

3. For al prediction result, compare if current prediction result is at least 10 minutes
more than previous prediction result.

4. |If true, send SMS dert to inform user with the latest prediction result.

The implementation of SMS Alert System is considered successful as the system is able

to produce desired output accordingly.
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6.2 USER INTERFACE DESIGN

In this section we will look into the graphical user interfaces for user who are most

probably administrative of service center.

6.2.1 User Interface Design for the Server Application

First of all, we will discuss several screen captures of our system. The screen captures are
mainly from service-side application and there are designed based on the readability and

accessibility of user.

6.2.1.1 Splash Screen

Figure6.7: Screen capture — Splash Screen

First screen that will be displayed whenever user starts the application and it will enter

into Main Screen after 5 seconds.
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Figure 6.8: Screen capture —Main Screen

The main purpose of Main Screen is providing arrival time of buses at particular bus stop
and the current buses location at particular route to users. The Man Screen provides
several menu options for user which consists of SMS Manager, Incoming Connection

Manager, Database Manager and System Updating.

SMS Manager controls the SMS Engine Service (Start/Stop) to public. The SMS Engine
status can always be viewed on first taskbar that located at the bottom of Main Screen.

Incoming Connection Manager processes the incoming GPS update data from respective
source provider. The GPS data is captured rea time from GPS device instaled in the

buses. However, the GPS data is demonstrated through simulator in our project. The
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status of processing can be viewed on the second taskbar located at the bottom of Main

Screen.

Database Manager generally serves the user with the purpose of database viewing and
modification. On the other hand, System Updating works for the daily system update
purpose. The second menu option of Main Screen provides user with the Klang Valley
map viewing through different perspectives. Finally, the Help option will provide user

with the information of this application.
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6.2.1.2 System Updating

Figure 6.9: Screen capture — System Updating

System Updating enables updates statistical information of system in daily routine.
Furthermore, user can train ANN model by entering the number of ANN neurons, epochs
for ANN training. If there is no input from user, default value which is set at the initial

stage will be taken by user for ANN training.
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6.2.1.3Klang Valley Map

Figure 6.10: Screen capture — Klang Valley Map
Figure is the Klang Valey map can be Zoom-In and Zoom-Out by user. Moreover, user
can browse through the map by selecting various map layers. In this case, only text,

buildings, landmarks and streets map layers were provided.
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6.2.1.4 Simulator

Figure 6.11: Screen capture — Smulator

As mentioned earlier, we used Simulator to demonstrate the incoming GPS data captured
from buses. By taking the source text file for simulation. The text file contained the bus
departure time, GPS timestamp, current bus location and the reference bus route ID.

These data are particular important for prediction of bus arrival time.

Simulation speed is mainly to speed up the simulation processing and simulation status

can easily be view on the taskbar at the bottom of screen.
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6.3 TESTING

We have performed a series of tests on the system. The crucia reasons for running
comprehensive testing on the system are to ensure that the entire system will flow

efficiently and it is able to produce the desired outcome in an effective manner.

Three testing techniques were performed:

a. Unit Testing
Each module was tested separately to ensure it is operated smoothly without any

errorsin its code.

b. Integration Testing

All modules were integrated and test was conducted. The test was aimed to ensure
that al modules were able to communicate with each other in a correct manner

and in attempt to discover any integration errors.

c. System Testing

Server application was tested with ssmulated GPS data. It is to ensure that the
entire system runs smoothly and able to produce desired outcome. The test was
conducted with an increasing number of bus trips running in particular route at the

same time.
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6.3.1 Unit Testing

Simulator Testing

Checked Tests Result

1. Simulator is able to read source file accordingly and
PASS
correctly.
2. Simulator is able to generate GPS file separately PASS
according time without skipping any records or delay.
SMS Engine Testing

Checked Tests Result
1. SMS Engineis able to receive SMS and insert into
Incoming SMS table in database without skipping any PASS
SM S request.
2. SMS Engine is able to process SMS request
correctly and reply with the requested prediction result PASS
to respective user.
3. SMS Engine is able to process any invalid SMS and PASS
notify with the fail request.
4. SMS Engine is able to notify respective user for any PASS
SM S request towards unavailable system prediction.

Incoming Connection Testing

Checked Tests Result
1. Incoming connection is able to capture incoming
GPS datafile, read and insert it into Real TimeBus table PASS
in database.
2. Incoming connection is able to read GPS data file PASS
and trigger ANN for prediction result.

ANN Prediction Testing

Checked Tests Result
1. ANN is able to predict result based on bus depart
time and insert it into PredictionResult table in PASS

database successfully.

2. ANN is able to optimize prediction result with
actual arrival time and update PredictionResult table in PASS
database from time to time.
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System Updating Testing

Checked Tests Result
1. All of the result records in PredictionResult table
are able to be processed and insert into Statistical table PASS
in database.
2. ANN training can be done directly from Visud PASS
Basic. NET to MATLAB.

SM S Alert System Testing

Checked Tests Result

1. Prediction result before optimization is able to PASS
compare with prediction result after optimization.

2. SMS dert is successfully generated if current
prediction result is varying with the previous prediction PASS
result which had sent to respective user.

6.3.2 Integration Testing

Receive & Distribute Data Testing

Checked Tests Result

1. Simulator is able to generate GPS data file
separately and Incoming connection is able to capture
incoming GPS data file, read, and insert it into
Real TimeBus table in database simultaneoudly.

PASS

Process | nformation Testing

Checked Tests Result

1. Information Connection is able to trigger ANN
according to current bus location and produce a series

of prediction result baseline for each bus stop of PASS
particular route.
Optimization Testing
Checked Tests Result
1. Information Connection is able to optimize the
prediction result based on the updated actual arrival PASS
time from GPS data
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SM S Reguest Process Testing

Checked Tests Result

1. SMS Engine is able to get the correct prediction
result according to the request from respective user.
The prediction result is composed and replies to user
shortly.

PASS

System Updating Testing

Checked Tests Result

1. Interval time for each segment of particular route is
calculated and insert correctly into Statistical table in

database. All the latest records are successfully used PASS
for ANN training in order to produce the better ANN
mode.

6.3.3 System Testing

System Testing | —1 bustrip at the particular route

Checked Tests Result
1. System is able to serve any incoming SMS request,
perform the GPS simulation, produce ANN prediction PASS

and run the optimization correctly.

2. System updating and ANN training are completed
successfully.

PASS

System Testing Il —2 bustrip running at the particular route

Checked Tests Result
1. System is able to serve any incoming SMS request,
perform the GPS simulation, produce ANN prediction PASS

and run the optimization correctly.

2. System updating and ANN training are completed
successfully.

PASS
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6.4 CONFIGURATION & DEPLOYMENT

System deployment is to get system ready for launching and operating. One key element
that needs to be addressed on certain configuration needs to be done according to local
server settings. This is to ensure that system deployed and configured correctly.
Technical training shall be offered in order to equip the targeted user with the foundation

of system manual.

6.4.1 Simulator

6.4.1.1 Simulator Deployment

We used Simulator as our GPS data source provider. Simulator is important to serve the
bus tracking demonstration. Firstly, we placed the SIMULATORv1.3 folder at
<deployment -dir>\PREDICT BUS and access the .exe file located under bin folder.

Once the .exe file was found, user can execute it t immediately.

6.4.1.2 Simulator Configuration

In case the generations of GPS data files are unable to perform correctly, the location
path directory shall be configured according to the location of Simulator deployment

folder.
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Get the Smulator.vbproj file at <deployment -dir>\PREDICT BUS\SIMULATORV1.3
and modify the path directory of output folder accordingly at following functions: -
Public Function Write_Header (ByVal Header _Type As Int16) As Int16
Public Function Write File(ByVal Header _Type As Int16, ByVal Data String As

Sring) As Int16

6.4.2 Server Application

6.4.2.1 Server Application Deployment

The server application is important to show the updated and real time bus activity to
respective administrative user. First and foremost, we placed the PREDICTBUSv2.0
folder at <deployment -dir>\PREDICT BUS and access the .exe file located under bin

folder. Once the .exe file was found, user can execute immediately.

6.4.2.2 Data Sour ce Configuration

Data Source is necessary to be created for serving database connection purpose of entire
system. After we successfully obtain the correct database connection string according to
the server local settings, we should configure the data forms which are placed at
<deployment -dir>\PREDICT BUS\PREDICTBUSv2.0 with the connection string. The
data forms need to be configured are as following: -

frmAdmin_frmBus.vb
frmAdmin_frmBusStop.vb
frmAdmin_frmincomingSMS.vb
frmAdmin_frmOutgoingSVIS.vb
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frmAdmin_frmPredictionResult.vb
frmAdmin_frmReal TimeBus.vb
frmAdmin_frmStatistical .vb
frmAdmin_frmRoute.vb
frmAdmin_frmSegment.vb

6.4.2.3 ANN files Configuration

First and foremost, MATLAB Version 6.5.1 must be installed in respective server.
Conseguently, we are able to place al of the ANN trained m-files and mat-files under

<deployment -dir>\\MATLAB6p5pl\work folder.
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6.5 MAINTENANCE

The maintenance process of PREDICT BUS and its related documentation begins after
the deployment stage. It shall be carried out routinely throughout the entire life span of

the system. Maintaining of system involves:

6.5.1 Keeping the System Up-to-date

Keeping the system up-to-date is important in producing the better ANN model for
performing the higher accuracy prediction. Besides, it is to ensure al the data in the
database is correct and updated. The following are some of the tasks needed to be

performed for keeping the system up-to-date

Ensuring al of the daily recordsis being processed and update into database.
Ensuring that ANN model be trained regularly in order to produce the better ANN
model for accurate prediction.

Ensuring that the entire Klang Valey map is checked and updated.
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6.5.2 Adaptive Maintenance

Adaptive maintenance will be performed from time to time in order to migrate it to a

different and ever-changing operating environment and satisfy various users’ needs.

Adding new feature which is able to improve the efficiency and accessibility of
user in tracking the current bus activities.
Adding newer communication technology. Hence, public are easily obtain the

desired output shortly and cost effectively.

6.5.3 Corrective Maintenance

Corrective maintenance is carried on for repairing design and correcting any coding and
implementation erroneous conditions. The repairing and corrective actions are important

on removing defects from existing system.

6.5.4 Perfective M aintenance

Perfective maintenance involves making enhancements to improve processing
performance and interface usability.
Enhance the interface usability in order to satisfy the purpose of information
viewing and vehicle tracking for several busesin different routes at the same time.

Improve the processing performance with newer and better capability technology.
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7.0 DISCUSSION

71ACTUAL IMPLEMENTATION VERSUSPLAN

After a long duration of planning, we are implementing the PredictBus system step by
step following our plans very closely. However, the design of PredictBus system requires
certain unavoidable changes as we progress. Some of the changes are due to the
technological limitations, some of the changes are due to the overlooked matters during

design phase and some of the changes are due to the lack of resources.

As we are developing PredictBus system, from time to time we discover limitations of
the tools we are using and we have no other choice but to change our system design. For
example, we are not allowed to send SMS that contains more than 160 characters and we
are not able to split long SMS (more than 160 characters) into two SMS because of the
APl and configuration of the GPRS modem. Other cases such as the ANN model,

sometimes we have to modify the column’s name or the datatype to suite the ANN model.

Unavoidably, we overlooked some of the minor issue when we are designing PredictBus
system. For example, the structure of the GPS simulator requires certain changes from
our previous plan because we overlooked matter like file access denial by the operating
system. The probability of this problem islessthan 1/ 1000 and yet it might happen. The
cause of this problem is because GPS Simulator is creating a GPS file while PredictBus
system is accessing the GPS file for input. To solve this, we changed the design of the

GPS simulator and we are glad that it works perfectly ever since.
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Sometimes, things will not go according to plan because the lack of external resources
which is far beyond our control. While implementing PredictBus system, one of our
toughest challenges is that we are lack of resources. Two of the most important resources
are the GPS device and the statistical real-time GPS data. GPS device will save our effort
to create a simulator and will make our testing more realistic while statistical real-time

GPS datais very crucial to the accuracy of PredictBus system ANN model.

At the end of the day, we are managed to complete PredictBus system according to
schedule and all the functions and requirements are met. We are very glad that

PredictBusis about 90% according to the original design.

7.2 COMPARISON BETWEEN TWO ANN APPROACHES

It is known that ANN is a powerful modeling tool in recognizing different patterns. After
the ANN iswell trained, it is able to produce the desired output given an input. However,
it isvital to choose the correct type of variable as the input. The input must be logical and
many times ANN will be Garbage-In-Garbage-Out (GIGO) if training data is not
representative. It needs a high degree of customization by humans or else ANN is

vulnerableto error.
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Besides being a powerful pattern recognition tool, ANN is a fast data extraction tool.

Given an input, the output can be obtained in just a fraction of seconds.

During the process of choosing input for ANN, two different approaches have been come
out. The first approach use speed and segment distance as the input format for ANN. The
second approach, which we adopt now, chooses time-of-day and segment being the input
format. Both are able to produce the desired interval time. Our preference is on second
approach because the input format is more reasonable and making sense to anyone who

wants the interval time for certain segment of aroute.

Below is a scenario that explains why second approach is preferable:

If I would like to know the interval time for segment 3 with the departure time of the bus
6.45am, | would need to query the ANN with different format depending on the approach
| choose. As for the first approach, | may input 56 (speed for segment 3, km/h), 2.05574
(segment 3 distance, km) in order to get the travel time. As for second approach, | am
required to input 6.45 (departure time of bus at first bus stop, HH:MM), 3 (segment
name). From the first look, definitely the input format for second approach is more

representative.
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The second reason is the speed of the bus is not known unless the bus has reached
segment 3. Therefore, if | input 56 as the speed, the output of ANN may not reflect the
real situation and lacks of accuracy and reliability. Input that we prefer isthat it must be
obtainable once the bus starts. Second approach, which uses departure time of bus at first

bus stop, will fill this gap.

7.3 COMPARISON BETWEEN ARTIFICIAL NEURAL NETWORK
AND STATISTICAL TECHNIQUES

Generdly, Artificial Neural Network has several advantages over statistical techniques.

The following are some of the main advantages of Artificial Neural Network:

Ableto generalize from unseen data and fault tolerance

A well-trained ANN is able to work on data that it has not seen such as data that is not
being used to train the ANN. Given an unseen data; ANN is able to generalize the output
reasonably well based on the training data. Whereby a statistical technique which is only

data stored in the database can be used to calcul ate the interval time.

Besides, ANN is able to withstand partial destruction because it stores redundant
information in its network. Therefore certain partial destruction will not damage the

network completely. It concludes that ANN is more fault tolerance.
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Self organization of data

ANN will organize all the input data into an information representation of its own. We
choose to use ANN approach based on the above advantages which Artificial Neural
Network poses. Moreover, ANN has a very specific advantage over normal statistica

techniques.

If we are using statistical model to predict the baseline prediction result for PredictBus
system, we will required the prior knowledge of the relationship between the affecting
factors which are bus location, bus starting time and so forth. For example, we need to
define the correlation between the bus starting time with the route, the bus starting time
with the route segment, the bus starting time with the target bus stop (as requested by

user).

However, if we use ANN to model the prediction for PredictBus system, we do not need
to explicitly derive the prediction model. When we feed ANN with the input data, ANN
will generate a prediction model that can be used to predict the baseline estimation of

prediction.

Specific form of function is eliminated and learning ability

ANN is used extensively and widely used in prediction because ANN doesn’t require the
specified form of function being used for the training data. ANN itself will find the

complex input/output relationship through training.
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Moreover, ANN has the ability to learn and adapt to changes in the pattern based on its

learning phase from time to time.

Suitable for real-time environment

As the speed of computation is the main concern issue in rea time environment, ANN is
ideal to be deployed and the retrieval speed isfast as the pattern is recognized when ANN
is trained. If compare with statistical technique used, database query will dampen the

computing speed tremendously.

Fast data retrieval tool

In the case of using statistical technique, there is a possibility that database query need to
be performed very often. In our project, we may either store al the historical datain one
table or we dump the records model-oriented style such as the record are inserted into

table based on its moddl.

Grouping all the records into one table require the pointer to move through the entire
table in order to retrieve the required data, hence time-complexity issue is concerned. The
trade-off of dividing record into different table is huge storage capacity and thus space-

complexity issueis concerned as well.
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8.0 CONCLUSION

8.1 SUMMARY

In this final year project, we have successfully developed an advanced public
transportation arrival time prediction system which we called PredictBus system. The
development of PredictBus system is initiated to counter the undefined waiting time of
bus passengers. This revolutionary prediction system is a very crucia tool to enable
Malaysians, especially Kuala Lumpur people to compete and increase their productivity.
Without knowing the arrival time of a bus, the users will only be wasting precious time at

the bus stop under the torturing weather.

For application usability purposes, PredictBus system uses state-of-the-art technologies
for its execution; SMS, Artificial Neural Network (ANN), GPS real-time data. PredictBus
system consists of 3 mgor component; SMS Engine, ANN sub-system, Application
Server. Apart from that, we are glad to say that al the functions proposed earlier in

chapter 4 are successfully completed.

- 131 -



The SM S Based Forecasting System of Public Transport Arrival Time

8.2 BENEFIT FROM PROJECT

As technologies evolve rapidly, we note that we have to keep up our pace with
technology’ s advancement. We chose to equip ourselves with some of the latest and most
widely used technology from different fields; mobile technology, Artificial Neural
Network pattern matching technology, Visua Studio .NET technology, Microsoft SQL

Server database technology.

Being grateful with our industrial training, we understood the importance of system
engineering before we start our project. With software engineering knowledge and
awareness on the Software Development Life Cycle (SDLC), we managed to fully utilize
our knowledge and tools that we've learned in university. Throughout the entire project,
we learned to be more discipline, more responsible, and more precise in expressing our

ideas.

Undoubtedly, the most valuable part is nevertheless the opportunity to learn new
technology, apply our knowledge and learned to work maturely. It is absolutely
unbelievable how we managed to learn, understand, and apply the latest technologies
which are adien to us. At the same time, we managed to learn and improve our
programming skills, system design skills and presentation skills. We learned to work in
group, work individually and express ourselves efficiently. The experiences that we had

gained are very valuable.
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8.3 ADVANTAGESAND DISADVANTAGES OF PREDICTBUS
SYSTEM

8.3.1 Advantages

Fast
PredictBus system is a high efficient system that is able to response to the user’s request
in a short interval time. Therefore PredictBus system is able to deliver fast reply to user

enabling users to know the arrival time of the next busto the bus stop they desired.

Convenient
PredictBus system is using SMS services for its interaction with the users. As the
communication industry in Kuala Lumpur is very reliable, using SMS to request and

receive prediction result from PredictBus system is extremely convenient to the users.

Better personal time management
Knowing the arrival time of a bus is like knowing when it is going to rain. The users can
plan their time more effectively and they will be able to utilize their precious time more

meaningfully.
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Boost company reputation

By using PredictBus system as value-added service, any bus company will definitely able
to boost their company’s reputation as a distinct company superior than its competitors.
Furthermore, PredictBus system will be able to notify the bus passengers the arrival time
of the next bus which will improve the reputation of the bus because users will know

what time to be at the bus stop to take the bus.

Increase Company’ s revenue
By applying a small amount of service charge to each SMS request, the bus company will
be able to generate extra revenue from PredictBus system. This is along term income as

the bus passengers increases from time to time and they will need to take bus daily.

8.3.2 Disadvantages

Extra expenses

As charges are applied to the SMS request, in the long run the users will need to fork out
quite an amount of money to get the bus arrival time information. To some bus

passengers, thiswill be a burden.

Accuracy of PredictBus system

Predicting the arrival time of the bus is similar to predict the weather; there is no 100%

guarantee that the prediction is accurate. For PredictBus system users, they might need to
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be at the bus stop a few minutes earlier than predicted time or they might need to wait for

afew minutes longer than the predicted time.

Extra investment

As for the bus company who decided to implement PredictBus system, for the bus
company will need to invest into the hardware to set up the entire system. Besides, the
bus company will need to assign afew staffs to monitor and maintain the system which in

the end will require extra resource from the bus company.

8.4 FUTURE ENHANCEMENT

The current version of PredictBus system is a very solid foundation and we had designed
PredictBus system to be extremely flexible for future enhancements. To further enhance
PredictBus system, we would first increase the factor in ANN prediction whereby we will
consider more factors such as the weather. Currently we do not have sufficient data to
enable us to draw prediction result with weather factor in consideration. Therefore, we
are very positive that the inclusion of weather factor will increase the accuracy of
PredictBus system’s prediction significantly. Next, we would like to improve the system
database’' s capacity. Currently PredictBus system is able to cope with 2 to 3 buses on one
route. However, we are very concerned if the database can manage to cope with more

than 10 routes and near 50 buses.

Last but not least, we hope to see PredictBus system to be able to merge a few bus routes

and predict the arrival time. This is an important prediction for users that needs to
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switches buses in order for them to arrive at their destination. We sincerely hope to see
that one day PredictBus system will be part of Maaysians daily life; as a tool to

facilitate their personal time management.
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APPENDIX
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BUSINESS PLAN

DELIVERABLES

Our profile in PredictBus system would include Artificial Neural Network (ANN)

powerful modeling tool of pattern matching and Bus Prediction automation software.

Deliver ables Overview

PredictBus System Admi nistrative Management Solution
Theinitial product profilein PredictBus system would be Administrative M anagement
Solution AMS that will be used by bus companies, Intelligent Transport System or ITS

implementing by government agency and other specialized research organizations.

The application is developed in first phase:
1. Short Message Service (SMS) Management

2. Global Positioning System (GPS) Data Management

It isintegrated and enhanced with the following features in the second phase:
1. Artificial Neural Network (ANN) baseline prediction result management
2. Baseline prediction result optimization system

3. Short Message Service (SMS) alerts system
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Predict Bus System Artificial Neural Network (ANN) Prediction Model

In order to meet higher accuracy of prediction result, we have used backpropagation
techniques for the training of ANN Prediction Model with the specialized GPS bus data.
The data included bus speed traveling records, interval time of traveling the distance
between bus stops and so forth. ANN has the distinctive feature for weight adjustment
based on the learning rate from error occurred. It isintended to be trained iteratively with

recent GPS data in order to obtain the better neural model.

PROJECT RISKS

Business I ntent

The PredictBus system is being developed to provide bus company a cutting edge
technology platform that can facilitate public transportation with the very minimum delay,

injury or fatality, through the use of systems that have been created.

Risks

1. Thefirst magjor risk during design phase were we unable to obtain a complete and huge

number of Global Positioning System (GPS) bus datafor ANN training purpose.

2. We had faced the risk of integrating MATLAB and Visual Basic.NET. Thisintegration

is being considered as new and not common implementation method.
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MARKET AND COMMERCIALIZATION POTENTIAL

Target Market Segments

Our target market segments are consisting:
1. Buscompany in Maaysia
2. Location based service stations

3. Any specidized ITS research organizations

SWOT ANALYSIS

Strengths
Integrated Transport Information System (ITIS) is a project launched by the
government of Malaysia to manage the traffic situation and enhance the public
transportation system in Kuala Lumpur city.

Strong Technical & Domain knowledge support and Management capabilities.

Weakness
Necessary to tied-up with several strategic partner and government agencies for
development and implementing process.

Financial support
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Opportunities
Almost no playersin the market, potentially become the market pioneer

It istheright timeto invest in this business as it can become real hot market in future.

Threats
Market fluctuations on bus services

Established US based companies

Market Size and Growth

According to The Eighth Malaysia Plan 2001- 2005, an additional of RM9.1 billion will
be allocated to improve and upgrade existing roads for greater safety, driving comfort and
shorten traveling time. Apart from that, an integrated, efficient and reliable public
transport as well as intelligent transport systems can be implemented to ease traffic

congestion in urban areas.

Due to that, intelligent transport system especially comprehensive mobile solutions have

asignificant impact in the entire market growth in Maaysia

- 145 -



The SM S Based Forecasting System of Public Transport Arrival Time

M arket Needs

According to our conducted market survey which ranged from working people, retirees,
university students, college students and secondary students. Around 81% of participants
preferred to be offered with the SMS Service which can update them with the bus arrival

time.

As SMS fees is decreasing dramatically, it encourage more people to benefit from the
service. The basic function of system is the ability to receive, interpret and reply
passenger’s SMS request. By specifying passenger® location and the required bus, the
system will be able to reply the expected arrival time from the bus® current location to

passenger®|ocation.
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ANN TRAINING DATA

StartTime SeglD | BusID RoutelD | IntervalTime | SegAvgSpeed | SegStartTime
2/21/04 5:36 AM 1 1 1 13.2333 31.1538 2/21/04 5:36 AM
2/21/04 5:36 AM 2 1 1 3.0333 60.0526 2/21/04 5:49 AM
2/21/04 5:36 AM 3 1 1 1.5833 71 2/21/04 5:52 AM
2/21/04 5:36 AM 4 1 1 4.7 44.0909 2/21/04 5:54 AM
2/21/04 5:36 AM 5 1 1 4.9333 43.0556 2/21/04 5:59 AM
2/21/04 5:36 AM 6 1 1 5.2167 45.3889 2/21/04 6:04 AM
2/21/04 5:36 AM 7 1 1 6.0333 53.5 2/21/04 6:09 AM
2/21/04 8:05 AM 1 1 1 13.95 27.7895 2/21/04 8:05 AM
2/21/04 8:05 AM 2 1 1 2.7167 56.3158 2/21/04 8:19 AM
2/21/04 8:05 AM 3 1 1 1.95 57.4444 2/21/04 8:22 AM
2/21/04 8:05 AM 4 1 1 6.0333 32.2273 2/21/04 8:24 AM
2/21/04 8:05 AM 5 1 1 6.7167 30.6667 2/21/04 8:30 AM
2/21/04 8:05 AM 6 1 1 5.35 34.95 2/21/04 8:36 AM
2/21/04 8:05 AM 7 1 1 5.5333 35.4231 2/21/04 8:42 AM

2/21/04 10:32 AM 1 1 1 20.3 23.2632 2/21/04 10:32 AM
2/21/04 10:32 AM 2 1 1 3.2667 52.65 2/21/04 10:53 AM
2/21/04 10:32 AM 3 1 1 2.45 47.1667 2/21/04 10:56 AM
2/21/04 10:32 AM 4 1 1 11.3333 24.9091 2/21/04 10:58 AM
2/21/04 10:32 AM 5 1 1 8.1333 31.875 2/21/04 11:10 AM
2/21/04 10:32 AM 6 1 1 9.5833 19 2/21/04 11:18 AM
2/21/04 10:32 AM 7 1 1 10.85 23.1923 2/21/04 11:27 AM
2/23/04 5:34 AM 1 1 1 13.15 22.1538 2/23/04 5:34 AM
2/23/04 5:34 AM 2 1 1 2.7167 59.7778 2/23/04 5:48 AM
2/23/04 5:34 AM 3 1 1 17 61.0588 2/23/04 5:50 AM
2/23/04 5:34 AM 4 1 1 5.2167 35.3913 2/23/04 5:52 AM
2/23/04 5:34 AM 5 1 1 4.0333 39 2/23/04 5:57 AM
2/23/04 5:34 AM 6 1 1 4.2833 37.381 2/23/04 6:01 AM
2/23/04 5:34 AM 7 1 1 2.8833 29.5833 2/23/04 6:05 AM
2/23/04 8:19 AM 1 1 1 15.4333 22.7179 2/23/04 8:19 AM
2/23/04 8:19 AM 2 1 1 4 46.05 2/23/04 8:35 AM
2/23/04 8:19 AM 3 1 1 1.7167 56.5882 2/23/04 8:39 AM
2/23/04 8:19 AM 4 1 1 6.6 36.6522 2/23/04 8:40 AM
2/23/04 8:19 AM 5 1 1 1.0167 38.913 2/23/04 8:47 AM
2/23/04 8:19 AM 6 1 1 7.25 25.8095 2/23/04 8:51 AM
2/23/04 8:19 AM 7 1 1 4.3333 21.4615 2/23/04 8:58 AM
2/23/04 10:24 AM 1 1 1 24.7833 22.2564 2/23/04 10:24 AM
2/23/04 10:24 AM 2 1 1 3.0833 54.05 2/23/04 10:49 AM
2/23/04 10:24 AM 3 1 1 2.1833 48.6667 2/23/04 10:52 AM
2/23/04 10:24 AM 4 1 1 6.1333 32.9091 2/23/04 10:54 AM
2/23/04 10:24 AM 5 1 1 5.2667 32.2917 2/23/04 11:00 AM
2/23/04 10:24 AM 6 1 1 7.1833 28.05 2/23/04 11:06 AM
2/23/04 10:24 AM 7 1 1 5.3167 24.6923 2/23/04 11:13 AM
2/24/04 8:01 AM 1 1 1 22.4833 18.7436 2/24/04 8:01 AM
2/24/04 8:01 AM 2 1 1 15.25 18.8636 2/24/04 8:24 AM
2/24/04 8:01 AM 3 1 1 4.4 27 2/24/04 8:40 AM
2/24/04 8:01 AM 4 1 1 12.5167 27.7826 2/24/04 8:44 AM
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2/24/04 8:01 AM 5 1 1 12.5167 24 2/24/04 8:56 AM
2/24/04 8:01 AM 6 1 1 8.1333 27 2/24/04 9:09 AM
2/24/04 8:01 AM 7 1 1 4.65 32.5 2/24/04 9:17 AM
2/24/04 10:40 AM 1 1 1 17.4833 22.4103 2/24/04 10:40 AM
2/24/04 10:40 AM 2 1 1 2.9333 49.55 2/24/04 10:58 AM
2/24/04 10:40 AM 3 1 1 3.15 43.1111 2/24/04 11:01 AM
2/24/04 10:40 AM 4 1 1 9.8167 24.7727 2/24/04 11:04 AM
2/24/04 10:40 AM 5 1 1 10.3833 25.0417 2/24/04 11:14 AM
2/24/04 10:40 AM 6 1 1 8.6 23.7143 2/24/04 11:24 AM
2/24/04 10:40 AM 7 1 1 7.1167 19.7692 2/24/04 11:33 AM
2/26/04 6:20 AM 1 1 1 19.0667 18.1795 2/26/04 6:20 AM
2/26/04 6:20 AM 2 1 1 4.75 32.95 2/26/04 6:39 AM
2/26/04 6:20 AM 3 1 1 2.2 50.1765 2/26/04 6:44 AM
2/26/04 6:20 AM 4 1 1 9.2667 24.4783 2/26/04 6:46 AM
2/26/04 6:20 AM 5 1 1 6.2333 28.1304 2/26/04 6:55 AM
2/26/04 6:20 AM 6 1 1 7.1167 30.7 2/26/04 7:01 AM
2/26/04 6:20 AM 7 1 1 2.45 43.1667 2/26/04 7:09 AM
2/26/04 8:48 AM 1 1 1 11.4333 23.6552 2/26/04 8:48 AM
2/26/04 8:48 AM 2 1 1 3.6167 52.4 2/26/04 9:00 AM
2/26/04 8:48 AM 3 1 1 3.25 36.2353 2/26/04 9:03 AM
2/26/04 8:48 AM 4 1 1 7.4333 26.9545 2/26/04 9:06 AM
2/26/04 8:48 AM 5 1 1 6.6167 27.52 2/26/04 9:14 AM
2/26/04 8:48 AM 6 1 1 9.7 25.4 2/26/04 9:21 AM
2/26/04 8:48 AM 7 1 1 7.2833 21.0769 2/26/04 9:31 AM
2/26/04 11:06 AM 1 1 1 8.45 20.4872 2/26/04 11:06 AM
2/26/04 11:06 AM 2 1 1 3.8667 43.5 2/26/04 11:25 AM
2/26/04 11:06 AM 3 1 1 2.65 45.3333 2/26/04 11:29 AM
2/26/04 11:06 AM 4 1 1 7.1667 33 2/26/04 11:31 AM
2/26/04 11:06 AM 5 1 1 8.4167 30.5 2/26/04 11:39 AM
2/26/04 11:06 AM 6 1 1 8.55 21.95 2/26/04 11:47 AM
2/26/04 11:06 AM 7 1 1 9.7667 15.6923 2/26/04 11:56 AM
2/27/04 6:29 AM 1 1 1 19.5833 19.9487 2/27/04 6:29 AM
2/27/04 6:29 AM 2 1 1 5.95 30.8 2/27/04 6:48 AM
2/27/04 6:29 AM 3 1 1 2.0167 51.1176 2/27/04 6:54 AM
2/27/04 6:29 AM 4 1 1 16.9833 21.8261 2/27/04 6:56 AM
2/27/04 6:29 AM 5 1 1 9.15 27.875 2/27/04 7:13 AM
2/27/04 6:29 AM 6 1 1 7.7333 27.65 2/27/04 7:22 AM
2/27/04 6:29 AM 7 1 1 4.7333 29.75 2/27/04 7:30 AM
2/27/04 9:28 AM 1 1 1 21.3667 21.2564 2/27/04 9:28 AM
2/27/04 9:28 AM 2 1 1 3.3833 57.55 2/27/04 9:49 AM
2/27/04 9:28 AM 3 1 1 1.7167 60.4118 2/27/04 9:53 AM
2/27/04 9:28 AM 4 1 1 7.4333 28 2/27/04 9:54 AM
2/27/04 9:28 AM 5 1 1 7.1333 29.2917 2/27/04 10:02 AM
2/27/04 9:28 AM 6 1 1 8.8667 20.6364 2/27/04 10:09 AM
2/27/04 9:28 AM 7 1 1 3.85 29.0833 2/27/04 10:18 AM
2/27/04 11:55 AM 1 1 1 16.6 22.4359 2/27/04 11:55 AM
2/27/04 11:55 AM 2 1 1 3 53.15 2/27/04 12:11 AM
2/27/04 11:55 AM 3 1 1 1.8667 55.1765 2/27/04 12:14 AM
2/27/04 11:55 AM 4 1 1 7.2167 29.9091 2/27/04 12:16 AM
2/27/04 11:55 AM 5 1 1 5.75 34.1667 2/27/04 12:24 AM
2/27/04 11:55 AM 6 1 1 10.8667 18 2/27/04 12:29 AM
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2/27/04 11:55 AM 7 1 1 7.6167 21.25 2/27/04 12:40 AM
2/28/04 7:43 AM 1 1 1 19.5167 26.7949 2/28/04 7:43 AM
2/28/04 7:43 AM 2 1 1 2.4667 64.75 2/28/04 8:03 AM
2/28/04 7:43 AM 3 1 1 2.2833 49.8235 2/28/04 8:05 AM
2/28/04 7:43 AM 4 1 1 5.0667 38.2273 2/28/04 8:07 AM
2/28/04 7:43 AM 5 1 1 6.3667 34.1667 2/28/04 8:12 AM
2/28/04 7:43 AM 6 1 1 8.6833 30.2381 2/28/04 8:19 AM
2/28/04 7:43 AM 7 1 1 3.6833 29.3636 2/28/04 8:27 AM
2/28/04 9:55 AM 1 1 1 27.75 17.8462 2/28/04 9:55 AM
2/28/04 9:55 AM 2 1 1 3.15 53.6 2/28/04 10:23 AM
2/28/04 9:55 AM 3 1 1 2.0833 56.2941 2/28/04 10:26 AM
2/28/04 9:55 AM 4 1 1 9.95 22.2609 2/28/04 10:28 AM
2/28/04 9:55 AM 5 1 1 10.1333 23.7917 2/28/04 10:38 AM
2/28/04 9:55 AM 6 1 1 7.95 22.0476 2/28/04 10:48 AM
2/28/04 9:55 AM 7 1 1 7.7333 19.1818 2/28/04 10:56 AM

3/2/04 6:04 AM 1 1 1 16.1333 25.7632 3/2/04 6:04 AM
3/2/04 6:04 AM 2 1 1 2.4 59.4 3/2/04 6:20 AM
3/2/04 6:04 AM 3 1 1 1.9667 57.5294 3/2/04 6:22 AM
3/2/04 6:04 AM 4 1 1 5.1833 35.7826 3/2/04 6:24 AM
3/2/04 6:04 AM 5 1 1 6.7 44.3478 3/2/04 6:29 AM
3/2/04 6:04 AM 6 1 1 5.48 37.9 3/2/04 6:34 AM
3/2/04 6:04 AM 7 1 1 2.8667 20.6667 3/2/04 6:40 AM
3/2/04 8:14 AM 1 1 1 20.6 22.1026 3/2/04 8:14 AM
3/2/04 8:14 AM 2 1 1 9.5 21.8571 3/2/04 8:34 AM
3/2/04 8:14 AM 3 1 1 6.4833 21.2778 3/2/04 8:44 AM
3/2/04 8:14 AM 4 1 1 10.8333 22.0435 3/2/04 8:50 AM
3/2/04 8:14 AM 5 1 1 10.2667 22.7391 3/2/04 9:01 AM
3/2/04 8:14 AM 6 1 1 10.7167 23.9048 3/2/04 9:11 AM
3/2/04 8:14 AM 7 1 1 5.4333 26.9167 3/2/04 9:22 AM
3/2/04 10:45 AM 1 1 1 14.65 25.2051 3/2/04 10:45 AM
3/2/04 10:45 AM 2 1 1 3.6667 49.25 3/2/04 11:00 AM
3/2/04 10:45 AM 3 1 1 1.9833 56.7647 3/2/04 11:04 AM
3/2/04 10:45 AM 4 1 1 7.2 31.7727 3/2/04 11:06 AM
3/2/04 10:45 AM 5 1 1 6.9667 29.5417 3/2/04 11:13 AM
3/2/04 10:45 AM 6 1 1 9.05 24 3/2/04 11:20 AM
3/2/04 10:45 AM 7 1 1 13.34 15.1538 3/2/04 11:29 AM
3/3/04 6:33 AM 1 1 1 19.2 18.6923 3/3/04 6:33 AM
3/3/04 6:33 AM 2 1 1 6.85 28.4286 3/3/04 6:52 AM
3/3/04 6:33 AM 3 1 1 2.7 41.1176 3/3/04 6:59 AM
3/3/04 6:33 AM 4 1 1 8.4333 18.9545 3/3/04 7:02 AM
3/3/04 6:33 AM 5 1 1 7.5667 30.0417 3/3/04 7:20 AM
3/3/04 6:33 AM 6 1 1 8.5667 52.3 3/3/04 7:28 AM
3/3/04 6:33 AM 7 1 1 5.2 27.3333 3/3/04 7:37 AM
3/3/04 9:31 AM 1 1 1 18.1833 24.5385 3/3/04 9:31 AM
3/3/04 9:31 AM 2 1 1 14.2333 36.35 3/3/04 9:49 AM
3/3/04 9:31 AM 3 1 1 3.3 37.4444 3/3/04 9:53 AM
3/3/04 9:31 AM 4 1 1 7.85 27.6522 3/3/04 9:57 AM
3/3/04 9:31 AM 5 1 1 9.5833 28.875 3/3/04 10:05 AM
3/3/04 9:31 AM 6 1 1 9.3667 20.2381 3/3/04 10:14 AM
3/3/04 9:31 AM 7 1 1 4.1833 24.75 3/3/04 10:24 AM
3/3/04 11:52 AM 1 1 1 20.3167 22.3333 3/3/04 11:52 AM
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3/3/04 11:52 AM 2 1 1 3.7833 43.4211 3/3/04 12:13 PM
3/3/04 11:52 AM 3 1 1 2.0333 52.1176 3/3/04 12:16 PM
3/3/04 11:52 AM 4 1 1 7.05 26.913 3/3/04 12:18 PM
3/3/04 11:52 AM 5 1 1 6 32.75 3/3/04 12:26 PM
3/3/04 11:52 AM 6 1 1 9.2167 22.65 3/3/04 12:32 PM
3/3/04 11:52 AM 7 1 1 10.75 16.9167 3/3/04 12:41 PM
3/4/04 10:42 AM 1 1 1 15.8333 20.7436 3/4/04 10:42 AM
3/4/04 10:42 AM 2 1 1 2.8167 52.95 3/4/04 10:58 AM
3/4/04 10:42 AM 3 1 1 2 58.5294 3/4/04 11:01 AM
3/4/04 10:42 AM 4 1 1 7.0833 26.2273 3/4/04 11:03 AM
3/4/04 10:42 AM 5 1 1 9.8667 26.96 3/4/04 11:10 AM
3/4/04 10:42 AM 6 1 1 9.85 29.3 3/4/04 11:20 AM
3/4/04 10:42 AM 7 1 1 6.8667 17.4167 3/4/04 11:30 AM
3/5/04 7:38 AM 1 1 1 21.55 18.641 3/5/04 7:38 AM
3/5/04 7:38 AM 2 1 1 8.75 29.8 3/5/04 7:59 AM
3/5/04 7:38 AM 3 1 1 5.85 23.7222 3/5/04 8:08 AM
3/5/04 7:38 AM 4 1 1 7.65 29.9091 3/5/04 8:14 AM
3/5/04 7:38 AM 5 1 1 16.1833 28.0833 3/5/04 8:21 AM
3/5/04 7:38 AM 6 1 1 8.6833 24.619 3/5/04 8:38 AM
3/5/04 7:38 AM 7 1 1 8.6333 17.9167 3/5/04 8:46 AM
3/5/04 9:46 AM 1 1 1 17.9833 24.0789 3/5/04 9:46 AM
3/5/04 9:46 AM 2 1 1 2.6333 61.9 3/5/04 10:04 AM
3/5/04 9:46 AM 3 1 1 1.65 66.1875 3/5/04 10:07 AM
3/5/04 9:46 AM 4 1 1 7.8833 25.913 3/5/04 10:09 AM
3/5/04 9:46 AM 5 1 1 9.05 27.9167 3/5/04 10:17 AM
3/5/04 9:46 AM 6 1 1 8 20.9048 3/5/04 10:26 AM
3/5/04 9:46 AM 7 1 1 5.9667 18.4167 3/5/04 10:34 AM
3/5/04 11:47 AM 1 1 1 16.2667 21.6923 3/5/04 11:47 AM
3/5/04 11:47 AM 2 1 1 3.15 48.8 3/5/04 12:04 PM
3/5/04 11:47 AM 3 1 1 2.2 50.3529 3/5/04 12:07 PM
3/5/04 11:47 AM 4 1 1 9.8333 26.7391 3/5/04 12:09 PM
3/5/04 11:47 AM 5 1 1 7.7333 26.1667 3/5/04 12:27 PM
3/5/04 11:47 AM 6 1 1 9.75 19.5714 3/5/04 12:36 PM
3/5/04 11:47 AM 7 1 1 6.4667 17.6154 3/5/04 12:43 PM
3/6/04 7:00 AM 1 1 1 17.1167 20.2821 3/6/04 7:00 AM
3/6/04 7:00 AM 2 1 1 2.9667 52.7 3/6/04 7:18 AM
3/6/04 7:00 AM 3 1 1 1.9 58.9444 3/6/04 7:21 AM
3/6/04 7:00 AM 4 1 1 4.4 38.9091 3/6/04 7:22 AM
3/6/04 7:00 AM 5 1 1 4.2833 43.087 3/6/04 7:27 AM
3/6/04 7:00 AM 6 1 1 8.2167 30.5238 3/6/04 7:31 AM
3/6/04 7:00 AM 7 1 1 4.3167 21.4545 3/6/04 7:39 AM
3/6/04 9:45 AM 1 1 1 20.1833 22.4737 3/6/04 9:45 AM
3/6/04 9:45 AM 2 1 1 2.9667 60.45 3/6/04 10:05 AM
3/6/04 9:45 AM 3 1 1 2.3 53.7647 3/6/04 10:08 AM
3/6/04 9:45 AM 4 1 1 6.65 30.3182 3/6/04 10:10 AM
3/6/04 9:45 AM 5 1 1 7.7667 29.75 3/6/04 10:17 AM
3/6/04 9:45 AM 6 1 1 8.4667 17.0476 3/6/04 10:25 AM
3/6/04 9:45 AM 7 1 1 3.0667 29.4545 3/6/04 10:33 AM
3/11/04 6:19 AM 1 1 1 17.55 23.6486 3/11/04 6:19 AM
3/11/04 6:19 AM 2 1 1 4.0167 37.1429 3/11/04 6:37 AM
3/11/04 6:19 AM 3 1 1 1.9667 49.8824 3/11/04 6:41 AM
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The SM S Based Forecasting System of Public Transport Arrival Time

3/11/04 6:19 AM 4 1 1 9.3167 25.087 3/11/04 6:43 AM
3/11/04 6:19 AM 5 1 1 6.0333 35.8261 3/11/04 6:52 AM
3/11/04 6:19 AM 6 1 1 8.3667 25.9048 3/11/04 6:58 AM
3/11/04 6:19 AM 7 1 1 4.6833 21.4545 3/11/04 7:07 AM
3/11/04 9:07 AM 1 1 1 21.45 21.5128 3/11/04 9:07 AM
3/11/04 9:07 AM 2 1 1 3.6 47.0667 3/11/04 9:29 AM
3/11/04 9:07 AM 3 1 1 2.1 55.3333 3/11/04 9:32 AM
3/11/04 9:07 AM 4 1 1 6.4167 32.5652 3/11/04 9:34 AM
3/11/04 9:07 AM 5 1 1 4.7 34.6522 3/11/04 9:41 AM
3/11/04 9:07 AM 6 1 1 9.3333 22.8571 3/11/04 9:46 AM
3/11/04 9:07 AM 7 1 1 8.85 19.7692 3/11/04 9:55 AM
3/11/04 11:44 AM 1 1 1 18.65 21.0263 3/11/04 11:44 AM
3/11/04 11:44 AM 2 1 1 3.8833 53.9 3/11/04 12:03 PM
3/11/04 11:44 AM 3 1 1 2.25 51.3529 3/11/04 12:06 PM
3/11/04 11:44 AM 4 1 1 6.15 25.8696 3/11/04 12:09 PM
3/11/04 11:44 AM 5 1 1 5.8833 30.5 3/11/04 12:15 PM
3/11/04 11:44 AM 6 1 1 10.6333 20.5714 3/11/04 12:21 PM
3/11/04 11:44 AM 7 1 1 6.05 21.2727 3/11/04 12:31 PM
3/12/04 6:17 AM 1 1 1 18.7333 19.6667 3/12/04 6:17 AM
3/12/04 6:17 AM 2 1 1 5.0833 33.4286 3/12/04 6:36 AM
3/12/04 6:17 AM 3 1 1 2.4833 37.4706 3/12/04 6:41 AM
3/12/04 6:17 AM 4 1 1 13.2 12.7273 3/12/04 6:43 AM
3/12/04 6:17 AM 5 1 1 7.3833 31.25 3/12/04 6:57 AM
3/12/04 6:17 AM 6 1 1 7.8333 24.5238 3/12/04 7:04 AM
3/12/04 6:17 AM 7 1 1 3.7833 28.8333 3/12/04 7:12 AM
3/12/04 9:09 AM 1 1 1 30.6833 16.15 3/12/04 9:09 AM
3/12/04 9:09 AM 2 1 1 3.2667 52.9474 3/12/04 9:40 AM
3/12/04 9:09 AM 3 1 1 1.9 62.2667 3/12/04 9:43 AM
3/12/04 9:09 AM 4 1 1 7.1333 29.9048 3/12/04 9:45 AM
3/12/04 9:09 AM 5 1 1 8.2833 29.2083 3/12/04 9:52 AM
3/12/04 9:09 AM 6 1 1 8.8 25.4286 3/12/04 10:01 AM
3/12/04 9:09 AM 7 1 1 3.6667 51.1818 3/12/04 10:10 AM
3/15/04 6:23 AM 1 1 1 15.7167 23.0789 3/15/04 6:23 AM
3/15/04 6:23 AM 2 1 1 3.3167 49.55 3/15/04 6:39 AM
3/15/04 6:23 AM 3 1 1 1.9 57.4444 3/15/04 6:42 AM
3/15/04 6:23 AM 4 1 1 4 40.5909 3/15/04 6:44 AM
3/15/04 6:23 AM 5 1 1 5.4833 40.0435 3/15/04 6:48 AM
3/15/04 6:23 AM 6 1 1 5.7167 33.5714 3/15/04 6:54 AM
3/15/04 6:23 AM 7 1 1 4.0333 22.7273 3/15/04 7:00 AM
3/15/04 8:17 AM 1 1 1 18.0333 23.7692 3/15/04 8:17 AM
3/15/04 8:17 AM 2 1 1 3.0167 54.5 3/15/04 8:35 AM
3/15/04 8:17 AM 3 1 1 3.6333 36.4118 3/15/04 8:38 AM
3/15/04 8:17 AM 4 1 1 7.7 26.8696 3/15/04 8:41 AM
3/15/04 8:17 AM 5 1 1 8.0167 29.1667 3/15/04 8:49 AM
3/15/04 8:17 AM 6 1 1 54 31.9 3/15/04 8:57 AM
3/15/04 8:17 AM 7 1 1 4.6833 34.8333 3/15/04 9:03 AM
3/15/04 10:34 AM 1 1 1 16.6333 20.8974 3/15/04 10:34 AM
3/15/04 10:34 AM 2 1 1 4.65 42.9412 3/15/04 10:51 AM
3/15/04 10:34 AM 3 1 1 1.5667 59.6 3/15/04 10:55 AM
3/15/04 10:34 AM 4 1 1 1.5833 38.7727 3/15/04 10:57 AM
3/15/04 10:34 AM 5 1 1 6.9833 31.2917 3/15/04 11:01 AM
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3/15/04 10:34 AM 6 1 1 10.5 17.9048 3/15/04 11:08 AM
3/15/04 10:34 AM 7 1 1 9.5667 22.3333 3/15/04 11:19 AM
3/16/04 7:41 AM 1 1 1 20.2 22.8205 3/16/04 7:41 AM
3/16/04 7:41 AM 2 1 1 4.1 42.65 3/16/04 8:02 AM
3/16/04 7:41 AM 3 1 1 4.7667 23.6667 3/16/04 8:06 AM
3/16/04 7:41 AM 4 1 1 8.65 27.8261 3/16/04 8:10 AM
3/16/04 7:41 AM 5 1 1 11.9667 25.3913 3/16/04 8:19 AM
3/16/04 7:41 AM 6 1 1 11.65 25.9524 3/16/04 8:31 AM
3/16/04 7:41 AM 7 1 1 6.2333 28.1667 3/16/04 8:43 AM
3/16/04 10:17 AM 1 1 1 25.5167 20.0769 3/16/04 10:17 AM
3/16/04 10:17 AM 2 1 1 3.25 50.9 3/16/04 10:43 AM
3/16/04 10:17 AM 3 1 1 2.1167 54.0556 3/16/04 10:46 AM
3/16/04 10:17 AM 4 1 1 5.7 34.2273 3/16/04 10:48 AM
3/16/04 10:17 AM 5 1 1 7.2833 34.6522 3/16/04 10:54 AM
3/16/04 10:17 AM 6 1 1 9.5667 22.9048 3/16/04 11:01 AM
3/16/04 10:17 AM 7 1 1 4.9 24.25 3/16/04 11:11 AM
3/17/04 6:27 AM 1 1 1 15.75 23.1622 3/17/04 6:27 AM
3/17/04 6:27 AM 2 1 1 3.4667 53.65 3/17/04 6:43 AM
3/17/04 6:27 AM 3 1 1 2.4333 50.7222 3/17/04 6:46 AM
3/17/04 6:27 AM 4 1 1 5.7833 36.2273 3/17/04 6:48 AM
3/17/04 6:27 AM 5 1 1 4.6 43.2174 3/17/04 6:53 AM
3/17/04 6:27 AM 6 1 1 6.3333 29.9048 3/17/04 6:57 AM
3/17/04 6:27 AM 7 1 1 2.8667 32.3636 3/17/04 7:03 AM
3/17/04 9:17 AM 1 1 1 10.45 21.4615 3/17/04 9:17 AM
3/17/04 9:17 AM 2 1 1 4.1667 49.85 3/17/04 9:37 AM
3/17/04 9:17 AM 3 1 1 1.7 63.8824 3/17/04 9:41 AM
3/17/04 9:17 AM 4 1 1 6.75 25.8636 3/17/04 9:43 AM
3/17/04 9:17 AM 5 1 1 6.0833 36.2917 3/17/04 9:50 AM
3/17/04 9:17 AM 6 1 1 9.8333 25.0952 3/17/04 9:56 AM
3/17/04 9:17 AM 7 1 1 7.45 22.9167 3/17/04 10:06 AM
3/18/04 6:18 AM 1 1 1 31.6333 21.6944 3/18/04 6:18 AM
3/18/04 6:18 AM 2 1 1 1.85 61.3684 3/18/04 6:50 AM
3/18/04 6:18 AM 3 1 1 1.8167 54.4118 3/18/04 6:52 AM
3/18/04 6:18 AM 4 1 1 4.4 44.3478 3/18/04 6:54 AM
3/18/04 6:18 AM 5 1 1 5.5833 44.6087 3/18/04 6:58 AM
3/18/04 6:18 AM 6 1 1 4.3333 35 3/18/04 7:04 AM
3/18/04 6:18 AM 7 1 1 4.1167 35.3333 3/18/04 7:12 AM
3/18/04 8:40 AM 1 1 1 18.3833 23.5897 3/18/04 8:40 AM
3/18/04 8:40 AM 2 1 1 3.45 49.8 3/18/04 8:59 AM
3/18/04 8:40 AM 3 1 1 1.8 58.7647 3/18/04 9:02 AM
3/18/04 8:40 AM 4 1 1 7.4667 30.0435 3/18/04 9:04 AM
3/18/04 8:40 AM 5 1 1 7.5333 30.9565 3/18/04 9:11 AM
3/18/04 8:40 AM 6 1 1 7.3833 28.1905 3/18/04 9:19 AM
3/18/04 8:40 AM 7 1 1 13.03 24.7692 3/18/04 9:26 AM
3/19/04 6:48 AM 1 1 1 17.55 24.2051 3/30/04 6:48 AM
3/19/04 6:48 AM 2 1 1 2.9 55 3/19/04 7:05 AM
3/19/04 6:48 AM 3 1 1 2.2 49.4118 3/19/04 7:08 AM
3/19/04 6:48 AM 4 1 1 7.4833 32 3/19/04 7:10 AM
3/19/04 6:48 AM 5 1 1 4.2833 42 3/19/04 7:18 AM
3/19/04 6:48 AM 6 1 1 6.65 32.9 3/19/04 7:22 AM
3/19/04 6:48 AM 7 1 1 3.15 32.3333 3/19/04 7:32 AM
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3/19/04 9:23 AM 1 1 1 22.85 17.0256 3/19/04 9:23 AM
3/19/04 9:23 AM 2 1 1 2.9833 50.75 3/19/04 9:46 AM
3/19/04 9:23 AM 3 1 1 1.7833 58.4118 3/19/04 9:49 AM
3/19/04 9:23 AM 4 1 1 9.3167 24.8696 3/19/04 9:51 AM
3/19/04 9:23 AM 5 1 1 9.6833 27.6087 3/19/04 9:58 AM
3/19/04 9:23 AM 6 1 1 9.9333 23.8095 3/19/04 10:08 AM
3/19/04 9:23 AM 7 1 1 3.2333 22.4167 3/19/04 10:18 AM
3/21/04 8:21 AM 1 1 1 25.9 19.359 3/21/04 8:21 AM
3/21/04 8:21 AM 2 1 1 3.1667 52.45 3/21/04 8:47 AM
3/21/04 8:21 AM 3 1 1 1.3833 73.625 3/21/04 8:50 AM
3/21/04 8:21 AM 4 1 1 4.85 42.8182 3/21/04 8:52 AM
3/21/04 8:21 AM 5 1 1 3.9167 45.4583 3/21/04 8:56 AM
3/21/04 8:21 AM 6 1 1 4.1167 34.5 3/21/04 9:00 AM
3/21/04 8:21 AM 7 1 1 4.7333 42.8889 3/21/04 9:05 AM
3/22/04 6:52 AM 1 1 1 32.0833 21.8 3/22/04 6:52 AM
3/22/04 6:52 AM 2 1 1 5.85 39.9 3/22/04 7:24 AM
3/22/04 6:52 AM 3 1 1 8.7 18 3/22/04 7:30 AM
3/22/04 6:52 AM 4 1 1 7.6 32.2609 3/22/04 7:39 AM
3/22/04 6:52 AM 5 1 1 5.7 37.8 3/22/04 7:46 AM
3/22/04 6:52 AM 6 1 1 10.9333 24.2609 3/22/04 7:51 AM
3/22/04 6:52 AM 7 1 1 4.4667 28.3333 3/22/04 8:02 AM
3/22/04 9:40 AM 1 1 1 16.6333 23.6667 3/22/04 9:40 AM
3/22/04 9:40 AM 2 1 1 2.9333 60.5 3/22/04 9:57 AM
3/22/04 9:40 AM 3 1 1 1.7667 62.6471 3/22/04 10:00 AM
3/22/04 9:40 AM 4 1 1 5.0167 40.3182 3/22/04 10:02 AM
3/22/04 9:40 AM 5 1 1 4.3 41.375 3/22/04 10:07 AM
3/22/04 9:40 AM 6 1 1 7.4833 27.75 3/22/04 10:11 AM
3/22/04 9:40 AM 7 1 1 4.1167 26.4545 3/22/04 10:18 AM
3/22/04 12:03 PM 1 1 1 13.6 26.8421 3/22/04 12:03 PM
3/22/04 12:03 PM 2 1 1 2.05 71.9 3/22/04 12:16 PM
3/22/04 12:03 PM 3 1 1 1.45 80.2941 3/22/04 12:18 PM
3/22/04 12:03 PM 4 1 1 4.2667 38.5455 3/22/04 12:20 PM
3/22/04 12:03 PM 5 1 1 5.5 40.6667 3/22/04 12:24 PM
3/22/04 12:03 PM 6 1 1 8 25.45 3/22/04 12:29 PM
3/22/04 12:03 PM 7 1 1 6.1333 23.7692 3/22/04 12:37 PM
3/23/04 5:51 AM 1 1 1 10.6167 32.3077 3/23/04 5:51 AM
3/23/04 5:51 AM 2 1 1 2.45 71.75 3/23/04 6:01 AM
3/23/04 5:51 AM 3 1 1 15 74.1176 3/23/04 6:04 AM
3/23/04 5:51 AM 4 1 1 4.4167 44.7727 3/23/04 6:05 AM
3/23/04 5:51 AM 5 1 1 3.0667 53.6522 3/23/04 6:10 AM
3/23/04 5:51 AM 6 1 1 4.25 43.15 3/23/04 6:13 AM
3/23/04 5:51 AM 7 1 1 2.1333 42.3636 3/23/04 6:17 AM
3/23/04 8:11 AM 1 1 1 21.5833 20.5128 3/23/04 8:11 AM
3/23/04 8:11 AM 2 1 1 8.2 29.7143 3/23/04 8:32 AM
3/23/04 8:11 AM 3 1 1 5.0167 26 3/23/04 8:41 AM
3/23/04 8:11 AM 4 1 1 6.0833 29.6818 3/23/04 8:46 AM
3/23/04 8:11 AM 5 1 1 9.1 25.1304 3/23/04 8:52 AM
3/23/04 8:11 AM 6 1 1 10.05 25.0952 3/23/04 9:01 AM
3/23/04 8:11 AM 7 1 1 5.0167 34.0833 3/23/04 9:11 AM
3/24/04 6:46 AM 1 1 1 19.7167 18.0256 3/24/04 6:46 AM
3/24/04 6:46 AM 2 1 1 8.2 23.9524 3/24/04 7:06 AM
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The SM S Based Forecasting System of Public Transport Arrival Time

3/24/04 6:46 AM 3 1 1 3.7167 32.8333 3/24/04 7:14 AM
3/24/04 6:46 AM 4 1 1 11.7833 24.0455 3/24/04 7:18 AM
3/24/04 6:46 AM 5 1 1 7.0667 30.9583 3/24/04 7:30 AM
3/24/04 6:46 AM 6 1 1 9.45 27.9048 3/24/04 7:37 AM
3/24/04 6:46 AM 7 1 1 3.4167 28.9 3/24/04 7:46 AM
3/24/04 9:22 AM 1 1 1 16.4167 21 3/24/04 9:22 AM
3/24/04 9:22 AM 2 1 1 2.8167 54 3/24/04 9:38 AM
3/24/04 9:22 AM 3 1 1 1.65 57.1765 3/24/04 9:41 AM
3/24/04 9:22 AM 4 1 1 7 28.6364 3/24/04 9:43 AM
3/24/04 9:22 AM 5 1 1 6.2667 34.6667 3/24/04 9:50 AM
3/24/04 9:22 AM 6 1 1 8.7667 25.1429 3/24/04 9:56 AM
3/24/04 9:22 AM 7 1 1 4.5667 19.75 3/24/04 10:05 AM
3/24/04 11:39 AM 1 1 1 13.55 27.3077 3/24/04 11:39 AM
3/24/04 11:39 AM 2 1 1 1.93333 72.7368 3/24/04 11:53 AM
3/24/04 11:39 AM 3 1 1 1.46667 68.2353 3/24/04 11:55 AM
3/24/04 11:39 AM 4 1 1 5.1833 40.2273 3/24/04 11:56 PM
3/24/04 11:39 AM 5 1 1 5.7 38.1739 3/24/04 12:01 AM
3/24/04 11:39 AM 6 1 1 9.8167 22.9524 3/24/04 12:07 PM
3/24/04 11:39 AM 7 1 1 4.0667 26.0833 3/24/04 12:17 PM
3/25/04 7:36 AM 1 1 1 23.85 18.0769 3/25/04 7:36 AM
3/25/04 7:36 AM 2 1 1 9.2333 22.381 3/25/04 8:00 AM
3/25/04 7:36 AM 3 1 1 6.0667 20.1667 3/25/04 8:09 AM
3/25/04 7:36 AM 4 1 1 8.9333 25.1739 3/25/04 8:15 AM
3/25/04 7:36 AM 5 1 1 9.4167 29.2917 3/25/04 8:24 AM
3/25/04 7:36 AM 6 1 1 16.65 20.45 3/25/04 8:33 AM
3/25/04 7:36 AM 7 1 1 6.2833 20.75 3/25/04 8:50 AM
3/25/04 10:04 AM 1 1 1 18.0167 21.8182 3/25/04 10:04 AM
3/25/04 10:04 AM 2 1 1 4.45 54.8 3/25/04 10:22 AM
3/25/04 10:04 AM 3 1 1 2.0667 54.2941 3/25/04 10:26 AM
3/25/04 10:04 AM 4 1 1 6.6 30.8182 3/25/04 10:28 AM
3/25/04 10:04 AM 5 1 1 5.9833 36.125 3/25/04 10:35 AM
3/25/04 10:04 AM 6 1 1 9.55 22.6667 3/25/04 10:41 AM
3/25/04 10:04 AM 7 1 1 6.8667 23.6667 3/25/04 10:51 AM
3/26/04 10:34 AM 1 1 1 14.65 24.7179 3/26/04 10:34 AM
3/26/04 10:34 AM 2 1 1 2.09 55.631 3/26/04 10:48 AM
3/26/04 10:34 AM 3 1 1 1.6167 71.5561 3/26/04 10:51 AM
3/26/04 10:34 AM 4 1 1 6.55 36.0876 3/26/04 10:53 AM
3/26/04 10:34 AM 5 1 1 5 42.7432 3/26/04 10:59 AM
3/26/04 10:34 AM 6 1 1 8.09 29.8726 3/26/04 11:04 AM
3/26/04 10:34 AM 7 1 1 4.04 21.7253 3/26/04 11:13 AM
3/27/04 6:26 AM 1 1 1 22.8833 20.1748 3/27/04 6:26 AM
3/27/04 6:26 AM 2 1 1 4.7833 36.0903 3/27/04 6:49 AM
3/27/04 6:26 AM 3 1 1 1.07 61.5114 3/27/04 6:54 AM
3/27/04 6:26 AM 4 1 1 6.2333 32.9358 3/27/04 6:55 AM
3/27/04 6:26 AM 5 1 1 5.2333 39.3621 3/27/04 7:01 AM
3/27/04 6:26 AM 6 1 1 5.6333 35.5851 3/27/04 7:07 AM
3/27/04 6:26 AM 7 1 1 5.7667 28.5073 3/27/04 7:12 AM
3/29/04 6:22 AM 1 1 1 13.0333 25.0639 3/29/04 6:22 AM
3/29/04 6:22 AM 2 1 1 3.3833 44.9376 3/29/04 6:35 AM
3/29/04 6:22 AM 3 1 1 1.8333 58.4799 3/29/04 6:39 AM
3/29/04 6:22 AM 4 1 1 7.3667 30.479 3/29/04 6:41 AM
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The SM S Based Forecasting System of Public Transport Arrival Time

3/29/04 6:22 AM 5 1 1 7.04 31.0533 3/29/04 6:48 AM
3/29/04 6:22 AM 6 1 1 5.25 31.0058 3/29/04 6:55 AM
3/29/04 6:22 AM 7 1 1 2.9833 29.9847 3/29/04 7:01 AM
3/29/04 8:55 AM 1 1 1 17.0333 19.6533 3/29/04 8:55 AM
3/29/04 8:55 AM 2 1 1 3 56.3758 3/29/04 9:12 AM
3/29/04 8:55 AM 3 1 1 1.9833 61.5968 3/29/04 9:15 AM
3/29/04 8:55 AM 4 1 1 4.5833 40.5758 3/29/04 9:17 AM
3/29/04 8:55 AM 5 1 1 5.1667 36.9543 3/29/04 9:21 AM
3/29/04 8:55 AM 6 1 1 8.8333 26.9516 3/29/04 9:27 AM
3/29/04 8:55 AM 7 1 1 5.8333 22.5309 3/29/04 9:36 AM
3/29/04 11:05 AM 1 1 1 14.95 22.9889 3/29/04 11:05 AM
3/29/04 11:05 AM 2 1 1 3.8667 49.354 3/29/04 11:20 AM
3/29/04 11:05 AM 3 1 1 2.15 62.959 3/29/04 11:24 AM
3/29/04 11:05 AM 4 1 1 6.2 27.2076 3/29/04 11:26 AM
3/29/04 11:05 AM 5 1 1 7.2167 27.4467 3/29/04 11:32 AM
3/29/04 11:05 AM 6 1 1 8.4333 23.4035 3/29/04 11:39 AM
3/29/04 11:05 AM 7 1 1 6.8667 16.6277 3/29/04 11:48 AM
3/30/04 6:43 AM 1 1 1 25.0833 12.786 3/30/04 6:43 AM
3/30/04 6:43 AM 2 1 1 7.6333 27.1307 3/30/04 7:08 AM
3/30/04 6:43 AM 3 1 1 4.2333 33.9107 3/30/04 7:16 AM
3/30/04 6:43 AM 4 1 1 11.6 25.1994 3/30/04 7:20 AM
3/30/04 6:43 AM 5 1 1 16.9833 23.7192 3/30/04 7:32 AM
3/30/04 6:43 AM 6 1 1 9.0833 23.2715 3/30/04 7:49 AM
3/30/04 6:43 AM 7 1 1 5.4333 24.6062 3/30/04 7:58 AM
4/1/04 5:51 AM 1 1 1 12.7333 27.0263 4/1/04 5:51 AM
4/1/04 5:51 AM 2 1 1 2.7167 58.3 4/1/04 6:03 AM
4/1/04 5:51 AM 3 1 1 1.4167 70.8235 4/1/04 6:06 AM
4/1/04 5:51 AM 4 1 1 4.9333 41.7273 4/1/04 6:08 AM
4/1/04 5:51 AM 5 1 1 4.3167 48.375 4/1/04 6:13 AM
4/1/04 5:51 AM 6 1 1 3.3167 43.7 4/1/04 6:17 AM
4/1/04 5:51 AM 7 1 1 2.3667 42.5833 4/1/04 6:20 AM
4/1/04 7:42 AM 1 1 1 23.85 14.6154 4/1/04 7:42 AM
4/1/04 7:42 AM 2 1 1 16.4 12.5714 4/1/04 8:06 AM
4/1/04 7:42 AM 3 1 1 6.9833 18.1765 4/1/04 8:22 AM
4/1/04 7:42 AM 4 1 1 7.4333 28.4348 4/1/04 8:29 AM
4/1/04 7:42 AM 5 1 1 10 28 4/1/04 8:37 AM
4/1/04 7:42 AM 6 1 1 6.8833 32.5238 4/1/04 8:47 AM
4/1/04 7:42 AM 7 1 1 7.25 25.4167 4/1/04 8:54 AM
4/1/04 10:29 AM 1 1 1 16.1833 22.1538 4/1/04 10:29 AM
4/1/04 10:29 AM 2 1 1 2.4667 62.1 4/1/04 10:45 AM
4/1/04 10:29 AM 3 1 1 1.7 62.8235 4/1/04 10:48 AM
4/1/04 10:29 AM 4 1 1 7.5833 26.2174 4/1/04 10:50 AM
4/1/04 10:29 AM 5 1 1 7.2167 30.8696 4/1/04 10:57 AM
4/1/04 10:29 AM 6 1 1 10.85 22.4286 4/1/04 11:05 AM
4/1/04 10:29 AM 7 1 1 3.8333 28.0833 4/1/04 11:15 AM
5/2/04 6:37 AM 1 1 1 12.05 28.5641 5/2/04 6:37 AM
5/2/04 6:37 AM 2 1 1 2.9333 58.95 5/1/04 6:50 AM
5/2/04 6:37 AM 3 1 1 1.5333 68.2353 5/1/04 6:52 AM
5/2/04 6:37 AM 4 1 1 2.7667 51.1905 5/1/04 6:54 AM
5/2/04 6:37 AM 5 1 1 4.4667 48 5/1/04 6:57 AM
5/2/04 6:37 AM 6 1 1 5.1667 39.8095 5/1/04 7:01 AM
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5/2/04 6:37 AM 7 1 1 2.2667 34.4167 5/1/04 7:06 AM
5/2/04 8:32 AM 1 1 1 20.5167 22.6667 5/2/04 8:32 AM
5/2/04 8:32 AM 2 1 1 2.9667 54.65 5/2/04 8:53 AM
5/2/04 8:32 AM 3 1 1 1.8 62.1667 5/2/04 8:55 AM
5/2/04 8:32 AM 4 1 1 6.3667 34.5455 5/2/04 8:57 AM
5/2/04 8:32 AM 5 1 1 3.7333 43.913 5/2/04 9:04 AM
5/2/04 8:32 AM 6 1 1 5.3167 33.9286 5/2/04 9:07 AM
5/2/04 8:32 AM 7 1 1 4.4167 25.6923 5/2/04 9:13 AM
5/3/04 6:26 AM 1 1 1 15.0833 26.1026 5/3/04 6:26 AM
5/3/04 6:26 AM 2 1 1 4.0833 70.2632 5/3/04 6:41 AM
5/3/04 6:26 AM 3 1 1 1.9833 59.9412 5/3/04 6:43 AM
5/3/04 6:26 AM 4 1 1 4.1333 42.2727 5/3/04 6:45 AM
5/3/04 6:26 AM 5 1 1 3.25 49.6522 5/3/04 6:49 AM
5/3/04 6:26 AM 6 1 1 4.7167 39.381 5/3/04 6:53 AM
5/3/04 6:26 AM 7 1 1 3.4667 39.0769 5/3/04 6:57 AM
5/3/04 8:31 AM 1 1 1 20.6833 20.8462 5/3/04 8:31 AM
5/3/04 8:31 AM 2 1 1 2.85 58.25 5/3/04 8:52 AM
5/3/04 8:31 AM 3 1 1 15 70.5294 5/3/04 8:55 AM
5/3/04 8:31 AM 4 1 1 5.8167 41.8182 5/3/04 8:56 AM
5/3/04 8:31 AM 5 1 1 3.8667 43.6522 5/3/04 9:02 AM
5/3/04 8:31 AM 6 1 1 6.3 28.9048 5/3/04 9:06 AM
5/3/04 8:31 AM 7 1 1 2.6833 30.4545 5/3/04 9:12 AM
5/3/04 10:33 AM 1 1 1 18.0667 21.7692 5/3/04 10:33 AM
5/3/04 10:33 AM 2 1 1 2.6333 66.5 5/3/04 10:51 AM
5/3/04 10:33 AM 3 1 1 1.5833 65.4118 5/3/04 10:54 AM
5/3/04 10:33 AM 4 1 1 5.4833 33.4091 5/3/04 10:55 AM
5/3/04 10:33 AM 5 1 1 5.0833 45.6667 5/3/04 11:01 AM
5/3/04 10:33 AM 6 1 1 8.05 21.95 5/3/04 11:06 AM
5/3/04 10:33 AM 7 1 1 3.85 26 5/3/04 11:14 AM
5/4/04 6:43 AM 1 1 1 12.8167 21.3947 5/4/04 6:43 AM
5/4/04 6:43 AM 2 1 1 2.9 59.35 5/4/04 6:56 AM
5/4/04 6:43 AM 3 1 1 1.4667 74.9412 5/4/04 6:58 AM
5/4/04 6:43 AM 4 1 1 4.5667 43.8182 5/4/04 7:00 AM
5/4/04 6:43 AM 5 1 1 4 47.4783 5/4/04 7:05 AM
5/4/04 6:43 AM 6 1 1 5.2 37.8095 5/4/04 7:09 AM
5/4/04 6:43 AM 7 1 1 2.4667 35.9167 5/4/04 7:14 AM
5/4/04 9:06 AM 1 1 1 26.0833 20.0513 5/4/04 9:06 AM
5/4/04 9:06 AM 2 1 1 2.5 63.05 5/4/04 9:33 AM
5/4/04 9:06 AM 3 1 1 1.7 69.8824 5/4/04 9:35 AM
5/4/04 9:06 AM 4 1 1 5.7333 34.7727 5/4/04 9:37 AM
5/4/04 9:06 AM 5 1 1 4.85 35.2174 5/4/04 9:42 AM
5/4/04 9:06 AM 6 1 1 6.8 29.3333 5/4/04 9:47 AM
5/4/04 9:06 AM 7 1 1 3.9333 21.8462 5/4/04 9:54 AM
5/5/04 6:07 AM 1 1 1 20.8833 22 5/5/04 6:07 AM
5/5/04 6:07 AM 2 1 1 3.9 41.1429 5/5/04 6:28 AM
5/5/04 6:07 AM 3 1 1 2.4667 44.2353 5/5/04 6:32 AM
5/5/04 6:07 AM 4 1 1 5.7667 33.0455 5/5/04 6:35 AM
5/5/04 6:07 AM 5 1 1 5.4833 39.7826 5/5/04 6:41 AM
5/5/04 6:07 AM 6 1 1 7.0667 33.15 5/5/04 6:46 AM
5/5/04 6:07 AM 7 1 1 4.95 19 5/5/04 6:53 AM
5/5/04 8:43 AM 1 1 1 22.9 22.5641 5/5/04 8:43 AM
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5/5/04 8:43 AM 2 1 1 3.75 50.9 5/5/04 9:06 AM
5/5/04 8:43 AM 3 1 1 1.75 60.2941 5/5/04 9:10 AM
5/5/04 8:43 AM 4 1 1 5.0167 39.087 5/5/04 9:12 AM
5/5/04 8:43 AM 5 1 1 4.2833 42.4783 5/5/04 9:17 AM
5/5/04 8:43 AM 6 1 1 9.4333 25.9524 5/5/04 9:21 AM
5/5/04 8:43 AM 7 1 1 7.1833 22.9231 5/5/04 9:30 AM
5/7/04 6:15 AM 1 1 1 18.6667 22.1795 5/7/04 6:15 AM
5/7/04 6:15 AM 2 1 1 3.2 45.2 5/7/04 6:34 AM
5/7/04 6:15 AM 3 1 1 2.6167 52.8824 5/7/04 6:37 AM
5/7/04 6:15 AM 4 1 1 9.85 22.6818 5/7/04 6:40 AM
5/7/04 6:15 AM 5 1 1 5.8333 35.9167 5/7/04 6:50 AM
5/7/04 6:15 AM 6 1 1 6.65 31.8571 5/7/04 6:56 AM
5/7/04 6:15 AM 7 1 1 4.2167 37.0833 5/7/04 7:02 AM
5/7/04 8:50 AM 1 1 1 21.0167 21.8974 5/7/04 8:50 AM
5/7/04 8:50 AM 2 1 1 3.2833 48.9 5/7/04 9:11 AM
5/7/04 8:50 AM 3 1 1 2.1167 58.4706 5/7/04 9:14 AM
5/7/04 8:50 AM 4 1 1 4.6 37.4091 5/7/04 9:16 AM
5/7/04 8:50 AM 5 1 1 6.15 30.6087 5/7/04 9:21 AM
5/7/04 8:50 AM 6 1 1 10.15 22.0952 5/7/04 9:27 AM
5/7/04 8:50 AM 7 1 1 8.2333 23.75 5/7/04 9:37 AM
5/8/04 9:47 AM 1 1 1 25.1167 21.0769 5/8/04 9:47 AM
5/8/04 9:47 AM 2 1 1 2.7833 54.7 5/8/04 10:13 AM
5/8/04 9:47 AM 3 1 1 2.1833 52.7059 5/8/04 10:15 AM
5/8/04 9:47 AM 4 1 1 7.85 30.8261 5/8/04 10:18 AM
5/8/04 9:47 AM 5 1 1 6.2833 33 5/8/04 10:25 AM
5/8/04 9:47 AM 6 1 1 8.3 27.4762 5/8/04 10:32 AM
5/8/04 9:47 AM 7 1 1 4.5 24.75 5/8/04 10:40 AM
5/9/04 10:12 AM 1 1 1 24.8333 21.2368 5/9/04 10:12 AM
5/9/04 10:12 AM 2 1 1 3.1833 49.7 5/9/04 10:37 AM
5/9/04 10:12 AM 3 1 1 1.5667 68.2353 5/9/04 10:40 AM
5/9/04 10:12 AM 4 1 1 4.75 36.9545 5/9/04 10:42 AM
5/9/04 10:12 AM 5 1 1 5.2 40.0833 5/9/04 10:47 AM
5/9/04 10:12 AM 6 1 1 6.8833 26.1429 5/9/04 10:52 AM
5/9/04 10:12 AM 7 1 1 14.0167 16.4118 5/9/04 10:59 AM
5/17/04 6:21 AM 1 1 1 28.7167 21.5641 5/17/04 6:21 AM
5/17/04 6:21 AM 2 1 1 4.95 32.7619 5/17/04 6:50 AM
5/17/04 6:21 AM 3 1 1 2.3667 48.7059 5/17/04 6:55 AM
5/17/04 6:21 AM 4 1 1 18.4167 22.2609 5/17/04 6:57 AM
5/17/04 6:21 AM 5 1 1 6.2833 30 5/17/04 7:15 AM
5/17/04 6:21 AM 6 1 1 6.8333 29.4706 5/17/04 7:22 AM
5/17/04 6:21 AM 7 1 1 3.3667 27.0833 5/17/04 7:28 AM
5/17/04 8:51 AM 1 1 1 24.4667 25.0256 5/17/04 8:51 AM
5/17/04 8:51 AM 2 1 1 4.1333 47.0952 5/17/04 9:16 AM
5/17/04 8:51 AM 3 1 1 1.6 64.2941 5/17/04 9:20 AM
5/17/04 8:51 AM 4 1 1 5.2833 30.8636 5/17/04 9:21 AM
5/17/04 8:51 AM 5 1 1 6.1167 35.8 5/17/04 9:27 AM
5/17/04 8:51 AM 6 1 1 6.9 28.3 5/17/04 9:33 AM
5/17/04 8:51 AM 7 1 1 4.8667 26.1667 5/17/04 9:40 AM
5/17/04 11:05 AM 1 1 1 13.15 18.913 5/17/04 11:05 AM
5/17/04 11:05 AM 2 1 1 2.95 39.2 5/17/04 11:18 AM
5/17/04 11:05 AM 3 1 1 2.5333 40.7222 5/17/04 11:21 AM
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5/17/04 11:05 AM 4 1 1 8.0333 25.5652 5/17/04 11:23 AM
5/17/04 11:05 AM 5 1 1 9.3667 21.4583 5/17/04 11:31 AM
5/17/04 11:05 AM 6 1 1 9.45 34.5714 5/17/04 11:41 AM
5/17/04 11:05 AM 7 1 1 7.9833 19.75 5/17/04 11:50 AM
5/18/04 6:11 AM 1 1 1 19.0167 23.5405 5/18/04 6:11 AM
5/18/04 6:11 AM 2 1 1 3.9167 44.1 5/18/04 6:30 AM
5/18/04 6:11 AM 3 1 1 1.8667 53.2353 5/18/04 6:34 AM
5/18/04 6:11 AM 4 1 1 6.5 31.0435 5/18/04 6:36 AM
5/18/04 6:11 AM 5 1 1 5.5833 37.6957 5/18/04 6:42 AM
5/18/04 6:11 AM 6 1 1 7.0333 29.2857 5/18/04 6:48 AM
5/18/04 6:11 AM 7 1 1 4 27.3636 5/18/04 6:55 AM
5/18/04 9:11 AM 1 1 1 14.65 23.8974 5/18/04 9:11 AM
5/18/04 9:11 AM 2 1 1 3.5167 44.9 5/18/04 9:25 AM
5/18/04 9:11 AM 3 1 1 2.4833 45.2941 5/18/04 9:29 AM
5/18/04 9:11 AM 4 1 1 18.1833 19.2174 5/18/04 9:31 AM
5/18/04 9:11 AM 5 1 1 7.05 33.7083 5/18/04 9:50 AM
5/18/04 9:11 AM 6 1 1 8.65 24.1429 5/18/04 9:57 AM
5/18/04 9:11 AM 7 1 1 54 20.5833 5/18/04 10:05 AM
5/19/04 6:49 AM 1 1 1 21.95 16.3846 5/19/04 6:49 AM
5/19/04 6:49 AM 2 1 1 5.15 34.45 5/19/04 7:11 AM
5/19/04 6:49 AM 3 1 1 4.0833 32.8889 5/19/04 7:16 AM
5/19/04 6:49 AM 4 1 1 11.05 37.3043 5/19/04 7:20 AM
5/19/04 6:49 AM 5 1 1 8.0333 31.1304 5/19/04 7:31 AM
5/19/04 6:49 AM 6 1 1 7.0167 26.619 5/19/04 7:39 AM
5/19/04 6:49 AM 7 1 1 4.8833 24.8462 5/19/04 7:46 AM
5/20/04 6:34 AM 1 1 1 23.3333 19.5128 5/20/04 6:34 AM
5/20/04 6:34 AM 2 1 1 6.6333 27.05 5/20/04 6:57 AM
5/20/04 6:34 AM 3 1 1 3.15 39.0556 5/20/04 7:04 AM
5/20/04 6:34 AM 4 1 1 11.7 22.3182 5/20/04 7:07 AM
5/20/04 6:34 AM 5 1 1 5.9333 37.125 5/20/04 7:19 AM
5/20/04 6:34 AM 6 1 1 7.0167 29 5/20/04 7:25 AM
5/20/04 6:34 AM 7 1 1 5.95 23.6154 5/20/04 7:32 AM
5/20/04 9:05 AM 1 1 1 21.2 22.4615 5/20/04 9:05 AM
5/20/04 9:05 AM 2 1 1 3.3333 50.05 5/20/04 9:26 AM
5/20/04 9:05 AM 3 1 1 1.8 57.0588 5/20/04 9:30 AM
5/20/04 9:05 AM 4 1 1 4.9667 35.0909 5/20/04 9:32 AM
5/20/04 9:05 AM 5 1 1 6.2 35.5 5/20/04 9:36 AM
5/20/04 9:05 AM 6 1 1 9.0667 21.55 5/20/04 9:43 AM
5/20/04 9:05 AM 7 1 1 6.45 24 5/20/04 9:52 AM
5/20/04 11:37 AM 1 1 1 16.2333 22.7692 5/20/04 11:37 AM
5/20/04 11:37 AM 2 1 1 4.1167 47.7619 5/20/04 11:53 AM
5/20/04 11:37 AM 3 1 1 2.2 50.5 5/20/04 11:57 AM
5/20/04 11:37 AM 4 1 1 5.35 34.1364 5/20/04 11:59 AM
5/20/04 11:37 AM 5 1 1 7.4333 31.1667 5/20/04 12:05 AM
5/20/04 11:37 AM 6 1 1 9.3 20.2 5/20/04 12:12 AM
5/20/04 11:37 AM 7 1 1 7.3 25 5/20/04 12:21 AM
5/22/04 6:35 AM 1 1 1 16.4667 23.4359 5/22/04 6:35 AM
5/22/04 6:35 AM 2 1 1 3.0667 57.7 5/22/04 6:51 AM
5/22/04 6:35 AM 3 1 1 2.3 49.8824 5/22/04 6:54 AM
5/22/04 6:35 AM 4 1 1 5.35 34.4348 5/22/04 6:57 AM
5/22/04 6:35 AM 5 1 1 4.55 39.3913 5/22/04 7:02 AM
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5/22/04 6:35 AM 6 1 1 6.0667 31 5/22/04 7:07 AM
5/22/04 6:35 AM 7 1 1 5.05 34 5/22/04 7:13 AM
5/22/04 9:11 AM 1 1 1 19.5333 22.8462 5/22/04 9:11 AM
5/22/04 9:11 AM 2 1 1 4.4333 37.8571 5/22/04 9:31 AM
5/22/04 9:11 AM 3 1 1 5.0667 24.3529 5/22/04 9:35 AM
5/22/04 9:11 AM 4 1 1 7.4833 26.0435 5/22/04 9:41 AM
5/22/04 9:11 AM 5 1 1 6.9667 24.8 5/22/04 9:48 AM
5/22/04 9:11 AM 6 1 1 6.3333 22.3478 5/22/04 9:57 AM
5/22/04 9:11 AM 7 1 1 14.9667 25.5833 5/22/04 10:03 AM
5/25/04 6:51 AM 1 1 1 12.9667 18.5897 5/25/04 6:51 AM
5/25/04 6:51 AM 2 1 1 7.2333 24.8095 5/25/04 7:14 AM
5/25/04 6:51 AM 3 1 1 3.8 31.1667 5/25/04 7:21 AM
5/25/04 6:51 AM 4 1 1 10.7667 22.6818 5/25/04 7:25 AM
5/25/04 6:51 AM 5 1 1 9.6833 27.25 5/25/04 7:35 AM
5/25/04 6:51 AM 6 1 1 10.95 24.0952 5/25/04 7:56 AM
5/25/04 6:51 AM 7 1 1 24 29.1667 5/25/04 7:58 AM
5/25/04 9:20 AM 1 1 1 20.2667 19.8718 5/25/04 9:20 AM
5/25/04 9:20 AM 2 1 1 3.8 46.4 5/25/04 9:40 AM
5/25/04 9:20 AM 3 1 1 2.1 52.1176 5/25/04 9:44 AM
5/25/04 9:20 AM 4 1 1 4.8833 34.7727 5/25/04 9:46 AM
5/25/04 9:20 AM 5 1 1 8.15 27.6667 5/25/04 9:51 AM
5/25/04 9:20 AM 6 1 1 9.2 25.6667 5/25/04 9:59 AM
5/25/04 9:20 AM 7 1 1 4.7 20.6667 5/25/04 10:08 AM
5/25/04 11:40 AM 1 1 1 15.4333 22 5/25/04 11:40 AM
5/25/04 11:40 AM 2 1 1 3.25 49.45 5/25/04 11:55 AM
5/25/04 11:40 AM 3 1 1 2.65 48.2353 5/25/04 11:59 AM
5/25/04 11:40 AM 4 1 1 7.8333 29.1304 5/25/04 12:01 AM
5/25/04 11:40 AM 5 1 1 6.0667 32.1739 5/25/04 12:09 AM
5/25/04 11:40 AM 6 1 1 9.6167 29.2381 5/25/04 12:15 AM
5/25/04 11:40 AM 7 1 1 7.9333 17.9167 5/25/04 12:25 AM
6/6/04 7:04 AM 1 1 1 16.2167 24.3077 6/6/04 7:04 AM
6/6/04 7:04 AM 2 1 1 2.8167 60.85 6/6/04 7:20 AM
6/6/04 7:04 AM 3 1 1 1.8667 60.2941 6/6/04 7:23 AM
6/6/04 7:04 AM 4 1 1 5.0333 43.7727 6/6/04 7:25 AM
6/6/04 7:04 AM 5 1 1 5.9333 38.625 6/6/04 7:30 AM
6/6/04 7:04 AM 6 1 1 5.4667 49 6/6/04 7:36 AM
6/6/04 7:04 AM 7 1 1 2.7333 49.1818 6/6/04 7:42 AM
6/6/04 8:56 AM 1 1 1 23.1167 22.2051 6/6/04 8:56 AM
6/6/04 8:56 AM 2 1 1 2.95 62.1 6/6/04 9:19 AM
6/6/04 8:56 AM 3 1 1 1.9333 57.7647 6/6/04 9:22 AM
6/6/04 8:56 AM 4 1 1 5.0167 41.7727 6/6/04 9:24 AM
6/6/04 8:56 AM 5 1 1 5.6167 46.4545 6/6/04 9:29 AM
6/6/04 8:56 AM 6 1 1 7.6333 33.4 6/6/04 9:35 AM
6/6/04 8:56 AM 7 1 1 6.45 23.4167 6/6/04 9:42 AM
6/6/04 11:21 AM 1 1 1 20.3833 20.5641 6/6/04 11:21 AM
6/6/04 11:21 AM 2 1 1 3.1167 51.8 6/6/04 11:41 AM
6/6/04 11:21 AM 3 1 1 1.9333 51.5882 6/6/04 11:44 AM
6/6/04 11:21 AM 4 1 1 5.1667 39.2273 6/6/04 11:46 AM
6/6/04 11:21 AM 5 1 1 5.9833 32.125 6/6/04 11:51 AM
6/6/04 11:21 AM 6 1 1 6.7 25.619 6/6/04 11:57 AM
6/6/04 11:21 AM 7 1 1 9.3833 17.3529 6/6/04 12:04 AM
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6/11/04 6:55 AM 1 1 1 13.2167 28.4615 6/11/04 6:55 AM
6/11/04 6:55 AM 2 1 1 2.5 54.8235 6/11/04 7:08 AM
6/11/04 6:55 AM 3 1 1 1.8833 62.7895 6/11/04 7:11 AM
6/11/04 6:55 AM 4 1 1 5.9 35.8182 6/11/04 7:13 AM
6/11/04 6:55 AM 5 1 1 5.3167 37.3333 6/11/04 7:19 AM
6/11/04 6:55 AM 6 1 1 7.2 33.45 6/11/04 7:24 AM
6/11/04 6:55 AM 7 1 1 2.7667 41.9091 6/11/04 7:31 AM
6/11/04 9:00 AM 1 1 1 21.8167 25.2821 6/11/04 9:00 AM
6/11/04 9:00 AM 2 1 1 3.0667 52.2273 6/11/04 9:22 AM
6/11/04 9:00 AM 3 1 1 1.5333 60.2667 6/11/04 9:25 AM
6/11/04 9:00 AM 4 1 1 6.0667 29.5 6/11/04 9:27 AM
6/11/04 9:00 AM 5 1 1 6 33.625 6/11/04 9:33 AM
6/11/04 9:00 AM 6 1 1 7.5167 25 6/11/04 9:39 AM
6/11/04 9:00 AM 7 1 1 4.6167 25.7692 6/11/04 9:46 AM
6/11/04 11:23 AM 1 1 1 15.3833 22.9487 6/11/04 11:23 AM
6/11/04 11:23 AM 2 1 1 3.3 54.15 6/11/04 11:38 AM
6/11/04 11:23 AM 3 1 1 1.75 62.2778 6/11/04 11:42 AM
6/11/04 11:23 AM 4 1 1 8.3167 31.5909 6/11/04 11:44 AM
6/11/04 11:23 AM 5 1 1 6.1667 30.5 6/11/04 11:52 AM
6/11/04 11:23 AM 6 1 1 5.3 29.5714 6/11/04 11:58 AM
6/11/04 11:23 AM 7 1 1 7.3833 225 6/11/04 12:07 AM
6/14/04 6:16 AM 1 1 1 10.8167 19.6316 6/14/04 6:16 AM
6/14/04 6:16 AM 2 1 1 4.8833 34.25 6/14/04 6:37 AM
6/14/04 6:16 AM 3 1 1 2.1833 50.0588 6/14/04 6:42 AM
6/14/04 6:16 AM 4 1 1 9.6667 28.4348 6/14/04 6:44 AM
6/14/04 6:16 AM 5 1 1 4.4333 37.087 6/14/04 6:54 AM
6/14/04 6:16 AM 6 1 1 6.5333 31.1579 6/14/04 6:58 AM
6/14/04 6:16 AM 7 1 1 2.3167 29.6364 6/14/04 7:05 AM
6/14/04 8:33 AM 1 1 1 23.3333 21.1026 6/14/04 8:33 AM
6/14/04 8:33 AM 2 1 1 2.6667 114.348 6/14/04 8:56 AM
6/14/04 8:33 AM 3 1 1 1.6 62.8235 6/14/04 8:59 AM
6/14/04 8:33 AM 4 1 1 6.75 31.619 6/14/04 9:00 AM
6/14/04 8:33 AM 5 1 1 5.9167 47.5833 6/14/04 9:07 AM
6/14/04 8:33 AM 6 1 1 8.1667 37.75 6/14/04 9:13 AM
6/14/04 8:33 AM 7 1 1 6.1833 24.6667 6/14/04 9:21 AM
6/14/04 10:39 AM 1 1 1 16.85 20.6923 6/14/04 10:39 AM
6/14/04 10:39 AM 2 1 1 2.35 60 6/14/04 10:56 AM
6/14/04 10:39 AM 3 1 1 2 58.5294 6/14/04 10:59 AM
6/14/04 10:39 AM 4 1 1 4.95 35.2727 6/14/04 11:01 AM
6/14/04 10:39 AM 5 1 1 7.4 34.4583 6/14/04 11:06 AM
6/14/04 10:39 AM 6 1 1 8.05 67.76 6/14/04 11:13 AM
6/14/04 10:39 AM 7 1 1 5.25 215 6/14/04 11:21 AM
6/16/04 6:17 AM 1 1 1 20.7833 19.9737 6/16/04 6:17 AM
6/16/04 6:17 AM 2 1 1 3.55 42.95 6/16/04 6:38 AM
6/16/04 6:17 AM 3 1 1 2.9 52.3333 6/16/04 6:41 AM
6/16/04 6:17 AM 4 1 1 8.0333 30.7727 6/16/04 6:44 AM
6/16/04 6:17 AM 5 1 1 7.45 31.125 6/16/04 6:52 AM
6/16/04 6:17 AM 6 1 1 6.4667 30.45 6/16/04 6:59 AM
6/16/04 6:17 AM 7 1 1 2.8167 36.25 6/16/04 7:06 AM
6/16/04 8:52 AM 1 1 1 22.9 18.8462 6/16/04 8:52 AM
6/16/04 8:52 AM 2 1 1 3.15 51.1 6/16/04 9:15 AM
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6/16/04 8:52 AM 3 1 1 1.7333 57.8824 6/16/04 9:18 AM
6/16/04 8:52 AM 4 1 1 6.4 20.8182 6/16/04 9:20 AM
6/16/04 8:52 AM 5 1 1 5.2667 33.44 6/16/04 9:26 AM
6/16/04 8:52 AM 6 1 1 7 45.2174 6/16/04 9:31 AM
6/16/04 8:52 AM 7 1 1 5.6 26.2308 6/16/04 9:38 AM
6/16/04 11:11 AM 1 1 1 11.0333 29.5357 6/16/04 11:11 AM
6/16/04 11:11 AM 2 1 1 2.15 65.4737 6/16/04 11:22 AM
6/16/04 11:11 AM 3 1 1 1.55 69.9412 6/16/04 11:24 AM
6/16/04 11:11 AM 4 1 1 4.1833 38.1818 6/16/04 11:26 AM
6/16/04 11:11 AM 5 1 1 7.7 30.8333 6/16/04 11:30 AM
6/16/04 11:11 AM 6 1 1 6.5167 26.0476 6/16/04 11:38 AM
6/16/04 11:11 AM 7 1 1 4.8167 23.1667 6/16/04 11:44 AM
6/18/04 6:03 AM 1 1 1 15.5167 24.359 6/18/04 6:03 AM
6/18/04 6:03 AM 2 1 1 2.4167 56.1053 6/18/04 6:19 AM
6/18/04 6:03 AM 3 1 1 2.3333 55.2941 6/18/04 6:21 AM
6/18/04 6:03 AM 4 1 1 6.1167 35.5217 6/18/04 6:23 AM
6/18/04 6:03 AM 5 1 1 5.55 34.913 6/18/04 6:30 AM
6/18/04 6:03 AM 6 1 1 6.2167 38.1905 6/18/04 6:35 AM
6/18/04 6:03 AM 7 1 1 1.9167 43.8182 6/18/04 6:41 AM
6/18/04 8:47 AM 1 1 1 20.5333 16.4615 6/18/04 8:47 AM
6/18/04 8:47 AM 2 1 1 4.5167 38.6667 6/18/04 9:07 AM
6/18/04 8:47 AM 3 1 1 2.65 45.1765 6/18/04 9:12 AM
6/18/04 8:47 AM 4 1 1 5.5 31.4545 6/18/04 9:15 AM
6/18/04 8:47 AM 5 1 1 8.0833 29 6/18/04 9:20 AM
6/18/04 8:47 AM 6 1 1 7.8667 26.35 6/18/04 9:28 AM
6/18/04 8:47 AM 7 1 1 6.15 21.9231 6/18/04 9:36 AM
6/18/04 11:04 AM 1 1 1 15.5333 21.9231 6/18/04 11:04 AM
6/18/04 11:04 AM 2 1 1 2.8833 61.65 6/18/04 11:19 AM
6/18/04 11:04 AM 3 1 1 1.7167 63.4444 6/18/04 11:22 AM
6/18/04 11:04 AM 4 1 1 6.6333 29.8182 6/18/04 11:24 AM
6/18/04 11:04 AM 5 1 1 5.8167 32.9583 6/18/04 11:31 AM
6/18/04 11:04 AM 6 1 1 7.6333 24.4762 6/18/04 11:36 AM
6/18/04 11:04 AM 7 1 1 11.7 13.4615 6/18/04 11:44 AM
6/19/04 6:14 AM 1 1 1 13.85 23.2821 6/19/04 6:14 AM
6/19/04 6:14 AM 2 1 1 2.7667 52.05 6/19/04 6:28 AM
6/19/04 6:14 AM 3 1 1 2.15 53.1176 6/19/04 6:31 AM
6/19/04 6:14 AM 4 1 1 4.85 34.9091 6/19/04 6:33 AM
6/19/04 6:14 AM 5 1 1 4.85 39.1818 6/19/04 6:38 AM
6/19/04 6:14 AM 6 1 1 7.7167 25.1818 6/19/04 6:42 AM
6/19/04 6:14 AM 7 1 1 3.2167 26.5 6/19/04 6:50 AM
6/19/04 8:44 AM 1 1 1 20.45 17.4737 6/19/04 8:44 AM
6/19/04 8:44 AM 2 1 1 3.2833 45.65 6/19/04 9:05 AM
6/19/04 8:44 AM 3 1 1 2.3 49 6/19/04 9:08 AM
6/19/04 8:44 AM 4 1 1 9 29.3043 6/19/04 9:10 AM
6/19/04 8:44 AM 5 1 1 3.5 43.3043 6/19/04 9:19 AM
6/19/04 8:44 AM 6 1 1 6.0667 32.8571 6/19/04 9:24 AM
6/19/04 8:44 AM 7 1 1 2.55 38.25 6/19/04 9:30 AM
6/19/04 10:56 AM 1 1 1 29.6167 18.8205 6/19/04 10:56 AM
6/19/04 10:56 AM 2 1 1 3.75 54.45 6/19/04 11:26 AM
6/19/04 10:56 AM 3 1 1 2.3333 57.8889 6/19/04 11:30 AM
6/19/04 10:56 AM 4 1 1 6 38.9524 6/19/04 11:32 AM
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6/19/04 10:56 AM 5 1 1 6.1 41.2083 6/19/04 11:38 AM
6/19/04 10:56 AM 6 1 1 7.8833 24.2381 6/19/04 11:44 AM
6/19/04 10:56 AM 7 1 1 6.0833 18.2727 6/19/04 11:52 AM
6/20/04 11:29 AM 1 1 1 19.3333 22.0256 6/20/04 11:29 AM
6/20/04 11:29 AM 2 1 1 2.8 51.95 6/20/04 11:49 AM
6/20/04 11:29 AM 3 1 1 1.7 59.7647 6/20/04 11:51 AM
6/20/04 11:29 AM 4 1 1 3.5667 36.5333 6/20/04 11:53 AM
6/20/04 11:29 AM 5 1 1 6.45 36 6/20/04 11:57 AM
6/20/04 11:29 AM 6 1 1 8.05 24.1818 6/20/04 12:03 AM
6/20/04 11:29 AM 7 1 1 5.6833 19 6/20/04 12:11 AM
6/21/04 6:08 AM 1 1 1 17.6833 25.9474 6/21/04 6:08 AM
6/21/04 6:08 AM 2 1 1 3.2833 44.8 6/21/04 6:26 AM
6/21/04 6:08 AM 3 1 1 2.45 50.1667 6/21/04 6:29 AM
6/21/04 6:08 AM 4 1 1 5 39.619 6/21/04 6:31 AM
6/21/04 6:08 AM 5 1 1 54 38.8333 6/21/04 6:36 AM
6/21/04 6:08 AM 6 1 1 6.3167 32.3158 6/21/04 6:42 AM
6/21/04 6:08 AM 7 1 1 4.0833 18.375 6/21/04 6:48 AM
6/21/04 8:41 AM 1 1 1 19.3167 14.3158 6/21/04 8:41 AM
6/21/04 8:41 AM 2 1 1 3.3833 47.8 6/21/04 9:00 AM
6/21/04 8:41 AM 3 1 1 2.05 57.5882 6/21/04 9:04 AM
6/21/04 8:41 AM 4 1 1 5.1333 34 6/21/04 9:06 AM
6/21/04 8:41 AM 5 1 1 5.5667 35.8333 6/21/04 9:11 AM
6/21/04 8:41 AM 6 1 1 9.6 21.0833 6/21/04 9:16 AM
6/21/04 8:41 AM 7 1 1 5.0333 32.4545 6/21/04 9:26 AM
6/21/04 11:00 AM 1 1 1 19.9333 18.0769 6/21/04 11:00 AM
6/21/04 11:00 AM 2 1 1 3.5333 43.0476 6/21/04 11:20 AM
6/21/04 11:00 AM 3 1 1 2.4167 42.0588 6/21/04 11:23 AM
6/21/04 11:00 AM 4 1 1 5.85 26.6364 6/21/04 11:26 AM
6/21/04 11:00 AM 5 1 1 6.5167 28.875 6/21/04 11:31 AM
6/21/04 11:00 AM 6 1 1 11.7833 18.0909 6/21/04 11:38 AM
6/21/04 11:00 AM 7 1 1 11.0667 12 6/21/04 11:50 AM
6/23/04 6:15 AM 1 1 1 20.0833 21.4872 6/23/04 6:15 AM
6/23/04 6:15 AM 2 1 1 3.25 44.7 6/23/04 6:35 AM
6/23/04 6:15 AM 3 1 1 2.55 46.4706 6/23/04 6:38 AM
6/23/04 6:15 AM 4 1 1 10.1667 24.6087 6/23/04 6:41 AM
6/23/04 6:15 AM 5 1 1 5.25 38.913 6/23/04 6:51 AM
6/23/04 6:15 AM 6 1 1 6.8167 29.1 6/23/04 6:56 AM
6/23/04 6:15 AM 7 1 1 4.9667 26 6/23/04 7:03 AM
6/23/04 8:53 AM 1 1 1 17.2833 20.7436 6/23/04 8:53 AM
6/23/04 8:53 AM 2 1 1 2.6667 53.5263 6/23/04 9:10 AM
6/23/04 8:53 AM 3 1 1 2.1667 55.9444 6/23/04 9:13 AM
6/23/04 8:53 AM 4 1 1 8.2667 31.1818 6/23/04 9:15 AM
6/23/04 8:53 AM 5 1 1 6.9167 28.8333 6/23/04 9:23 AM
6/23/04 8:53 AM 6 1 1 15.2 20.7143 6/23/04 9:30 AM
6/23/04 8:53 AM 7 1 1 7.4333 30.8333 6/23/04 9:45 AM
6/25/04 6:13 AM 1 1 1 15.9833 20.7368 6/25/04 6:13 AM
6/25/04 6:13 AM 2 1 1 29 61.95 6/25/04 6:29 AM
6/25/04 6:13 AM 3 1 1 1.6 65 6/25/04 6:32 AM
6/25/04 6:13 AM 4 1 1 7.65 28.8696 6/25/04 6:33 AM
6/25/04 6:13 AM 5 1 1 4.5 38 6/25/04 6:41 AM
6/25/04 6:13 AM 6 1 1 6.6667 34.05 6/25/04 6:46 AM
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6/25/04 6:13 AM 7 1 1 34 40.9167 6/25/04 6:52 AM
6/25/04 8:39 AM 1 1 1 17 24.4615 6/25/04 8:39 AM
6/25/04 8:39 AM 2 1 1 3.6667 49.65 6/25/04 8:56 AM
6/25/04 8:39 AM 3 1 1 2.2833 50.4444 6/25/04 8:59 AM
6/25/04 8:39 AM 4 1 1 5.75 36.5 6/25/04 9:02 AM
6/25/04 8:39 AM 5 1 1 9.5 24.5417 6/25/04 9:07 AM
6/25/04 8:39 AM 6 1 1 10.4833 31.6842 6/25/04 9:17 AM
6/25/04 8:39 AM 7 1 1 10.7167 33 6/25/04 9:27 AM
6/25/04 10:54 AM 1 1 1 16.6833 23.1026 6/25/04 10:54 AM
6/25/04 10:54 AM 2 1 1 3.2667 47.5 6/25/04 11:10 AM
6/25/04 10:54 AM 3 1 1 2.1 49.1667 6/25/04 11:14 AM
6/25/04 10:54 AM 4 1 1 4.8833 40.1364 6/25/04 11:16 AM
6/25/04 10:54 AM 5 1 1 4.8167 34.6087 6/25/04 11:21 AM
6/25/04 10:54 AM 6 1 1 13.5333 17.8095 6/25/04 11:25 AM
6/25/04 10:54 AM 7 1 1 11.85 20.75 6/25/04 11:39 AM
6/26/04 8:14 AM 1 1 1 22.5333 16.7436 6/26/04 8:14 AM
6/26/04 8:14 AM 2 1 1 3.1167 51.9 6/26/04 8:36 AM
6/26/04 8:14 AM 3 1 1 1.5833 65.9412 6/26/04 8:39 AM
6/26/04 8:14 AM 4 1 1 6.8333 29.9565 6/26/04 8:41 AM
6/26/04 8:14 AM 5 1 1 5.6667 34.913 6/26/04 8:48 AM
6/26/04 8:14 AM 6 1 1 8.0667 28.5 6/26/04 8:53 AM
6/26/04 8:14 AM 7 1 1 3.3167 28.5 6/26/04 9:02 AM
6/26/04 10:27 AM 1 1 1 23.3833 21.4872 6/26/04 10:27 AM
6/26/04 10:27 AM 2 1 1 2.4833 51.25 6/26/04 10:51 AM
6/26/04 10:27 AM 3 1 1 2.5667 49.6111 6/26/04 10:54 AM
6/26/04 10:27 AM 4 1 1 6.1333 30.5455 6/26/04 10:57 AM
6/26/04 10:27 AM 5 1 1 6.85 29.087 6/26/04 11:03 AM
6/26/04 10:27 AM 6 1 1 12.3 16.4091 6/26/04 11:10 AM
6/26/04 10:27 AM 7 1 1 8.3167 16.3333 6/26/04 11:22 AM
6/28/04 8:26 AM 1 1 1 19.9667 20.9487 6/28/04 8:26 AM
6/28/04 8:26 AM 2 1 1 3.6833 48 6/28/04 8:46 AM
6/28/04 8:26 AM 3 1 1 3.9333 33.2222 6/28/04 8:50 AM
6/28/04 8:26 AM 4 1 1 9.7167 23.3333 6/28/04 8:54 AM
6/28/04 8:26 AM 5 1 1 9.0667 17.5455 6/28/04 9:04 AM
6/28/04 8:26 AM 6 1 1 7.3 38.381 6/28/04 9:13 AM
6/28/04 8:26 AM 7 1 1 8.1167 25 6/28/04 9:20 AM
6/28/04 10:36 AM 1 1 1 20.7333 18.7949 6/28/04 10:36 AM
6/28/04 10:36 AM 2 1 1 3.1667 56.4 6/28/04 10:57 AM
6/28/04 10:36 AM 3 1 1 2.05 52.6111 6/28/04 11:00 AM
6/28/04 10:36 AM 4 1 1 6.7333 29.7727 6/28/04 11:02 AM
6/28/04 10:36 AM 5 1 1 7.6 27.9583 6/28/04 11:09 AM
6/28/04 10:36 AM 6 1 1 9.6167 28.2609 6/28/04 11:17 AM
6/28/04 10:36 AM 7 1 1 16.0833 15.6667 6/28/04 11:26 AM
2/24/04 6:39 AM 1 2 1 25.9833 18.4615 2/24/04 6:39 AM
2/24/04 6:39 AM 2 2 1 7.5833 29.381 2/24/04 7:05 AM
2/24/04 6:39 AM 3 2 1 5.15 12.9286 2/24/04 7:13 AM
2/24/04 6:39 AM 4 2 1 12.4333 20.2727 2/24/04 7:18 AM
2/24/04 6:39 AM 5 2 1 10.35 27.2917 2/24/04 7:30 AM
2/24/04 6:39 AM 6 2 1 13.5167 29.4286 2/24/04 7:41 AM
2/24/04 6:39 AM 7 2 1 4.5833 32.2727 2/24/04 7:54 AM
2/24/04 9:26 AM 1 2 1 19.3833 25.2564 2/24/04 9:26 AM
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2/24/04 9:26 AM 2 2 1 3.3 48.2 2/24/04 9:46 AM
2/24/04 9:26 AM 3 2 1 3.35 30.9444 2/24/04 9:49 AM
2/24/04 9:26 AM 4 2 1 10.5 23.5652 2/24/04 9:52 AM
2/24/04 9:26 AM 5 2 1 6.8333 30.3913 2/24/04 10:03 AM
2/24/04 9:26 AM 6 2 1 9.3167 22.6 2/24/04 10:10 AM
2/24/04 9:26 AM 7 2 1 6.9833 22.8333 2/24/04 10:19 AM
3/31/04 8:41 AM 1 2 1 16.9 21.4359 3/31/04 8:41 AM
3/31/04 8:41 AM 2 2 1 3.25 44.25 3/31/04 8:58 AM
3/31/04 8:41 AM 3 2 1 2.7667 41.3889 3/31/04 9:01 AM
3/31/04 8:41 AM 4 2 1 7.0167 28 3/31/04 9:04 AM
3/31/04 8:41 AM 5 2 1 6.6 30.4545 3/31/04 9:11 AM
3/31/04 8:41 AM 6 2 1 8.65 29.6522 3/31/04 9:17 AM
3/31/04 8:41 AM 7 2 1 8.6667 25 3/31/04 9:26 AM
3/23/04 8:24 AM 1 2 1 17.0833 23.6154 3/23/04 8:24 AM
3/23/04 8:24 AM 2 2 1 4.95 37.2381 3/23/04 8:41 AM
3/23/04 8:24 AM 3 2 1 4.9333 24.2222 3/23/04 8:46 AM
3/23/04 8:24 AM 4 2 1 6.1167 29 3/23/04 8:51 AM
3/23/04 8:24 AM 5 2 1 7.7333 31.08 3/23/04 8:58 AM
3/23/04 8:24 AM 6 2 1 7.8167 24.75 3/23/04 9:06 AM
3/23/04 8:24 AM 7 2 1 8.7833 27 3/23/04 9:13 AM
3/23/04 10:38 AM 1 2 1 17.3667 24.1795 3/23/04 10:38 AM
3/23/04 10:38 AM 2 2 1 2.6667 54.3684 3/23/04 10:55 AM
3/23/04 10:38 AM 3 2 1 2.15 54.4118 3/23/04 10:58 AM
3/23/04 10:38 AM 4 2 1 6.95 29.4783 3/23/04 11:00 AM
3/23/04 10:38 AM 5 2 1 5.75 30.2609 3/23/04 11:07 AM
3/23/04 10:38 AM 6 2 1 10.1667 26 3/23/04 11:13 AM
3/23/04 10:38 AM 7 2 1 9.3333 26.75 3/23/04 11:23 AM
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