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Abstract
This report details the first semester’s progress on my BTech 450 Project. This report contains information regarding the sponsor company and the project, and the work done in the first semester with respect to the proposed project plan. The work completed in the first semester was very research-intensive, so this report also provides summaries of actual research report completed during the first semester. It also accounts for the issues faced during the course of carrying out the work, and it ends with the suggestions of future work expected during the second semester.
This report is organised as follows. Chapter 1 introduces the sponsor company and describes the project. Chapter 2 details the work done during the first semester and challenges faced, with summaries from the research report written during the process. It also lists the design and architectural decisions made based on the result of the research. Chapter 3 makes proposal plan for future work expected in the second semester.
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Chapter 1

Introduction

This project – Mobile Platform Test Administration & Data Collection – is an individual project undertaken as a part of the asTTle (Assessment Tools for Teaching and Learning) project, sponsored by Auckland Uniservice Limited. 
1.1 The Company

Auckland UniServices Limited, established in 1988, manages all the University's commercial research and consultancy partnerships, and forms new business ventures based on University research. It also owns and develops the University's intellectual property estate. UniServices enables new knowledge-based organisations to grow while expanding the University’s research capability, which in turn benefits the broader community by aligning the research and expertise of the University with client needs and business opportunities. The partnerships that UniServices develops range from small research and consultancy contracts to $NZ30 million projects, drawing on the expertise of all Schools and Faculties of the University. Uniservices has a strong track record of successful start-up companies in New Zealand, the United States and the United Kingdom, along with several unincorporated new business ventures.

asTTle is one of many projects administered by Uniservices. It stands for Assessment Tools for Teaching and Learning (He Pūnaha Aromatawai mō te Whakaako me te Ako). It is an educational tool for literacy and numeracy assessments, in both English and Māori, developed for the Ministry of Education. asTTle has, up to date, delivered 4 versions of its software to the Ministry of Education for delivery to NZ schools. It provides teachers, students, and parents with information about a student's level of achievement, relative to the curriculum achievement outcomes, for levels 2 to 6 and national norms of performance for students in years 4 to 12. Teachers can create 40-minute paper and pencil tests with asTTle, designed for their own students' learning needs. Once the tests are scored, teachers can analyse student achievement against curriculum level, curriculum objectives and population norm with the interactive graphic reports that asTTle tool generates. Research and development over 2003–2004 has extended asTTle into years 8–12 and curriculum levels 5–6.

1.2 The Project
1.2.1 Project Description
The current asTTle software requires students to complete tests in paper and for the resulting item level scores to be entered by hand into the asTTle test scoring and reporting software. This Project aims to give asTTle customers the option to electronically administer assessments and subsequent automatic capture of student responses to each item. One of the options for this is for assessments to be administered and/or scored using a mobile platform such as a PDA (the nature of assessments/tests is not mentioned as it is commercially sensitive information). This BTech project is to conduct requirements analysis, system design, software development, code testing and, as appropriate/feasible, user acceptance testing for the mobile platform component only. The overall project goals are as follows.

1. To develop a solution that meets the functional and non-functional requirements
2. One application for mobile data collection, and possibly the other for conducting tests

This project will contribute to the e-asTTle (electronic-asTTle) solutions proposed for the current asTTle system. Scoping of technology options to meet the e-asTTle requirements is currently being undertaken so this is an opportunity to ensure seamless integration of the mobile platform technology with the web-based technologies being considered for e-asTTle. 
1.2.2 Project Plan
	#
	Objective


	Tasks


	Measure of Success/Milestone

	Hours
	Completion Date
	Location of Student 

	1
	Requirements Analysis
	· Understand & Document Brief

· Understand & Document Functional Requirements 

· Understand & Document Non-Functional Requirements
	· Document clearly and accurately describes current goals and constraints

· Document clearly and accurately describes Functional Requirements 

· Document clearly and accurately describes Non-Functional Requirements 
	20
	End of Week 2
	asTTle office

	2
	Scoping
	· Scope Technology Options
	· Technical Report on Technology Options and Recommendations
	100
	End of week 10
	asTTle office

	3
	System Design
	· Design Solution for Agreed Technology Options

· Implement prototype
	· Document clearly and accurately provides solution for software design

· Prototype constructed and field trialled
	40
	End of week 12
	asTTle office

	4
	Software Development
	· Write Code according to design

· Submit for Functional Testing and Approval

· Redesign or rebuild depending on effectiveness and any changed requirements or circumstances

· Pilot trial feedback to redesign
	· Software demonstrated to meet functional, non-functional requirements as specified
	180
	End of week 26
	asTTle office

	5
	User Acceptance Testing
	· Test Plan including scripts, data, as appropriate designed
· Testing conducted as agreed
· Rebuilt as needed
	· Software is robust, accurate, and functional
	60
	End of week 30
	asTTle office


Table 1.1: Project Plan

Chapter 2
Achievements
In accordance to the proposed project plan, the first semester’s work was concentrated on carrying out a number of researches to define the overall project functionality scope. As the results of the researches, preliminary decisions on the system architecture and design have been made.
2.1 Researches
The research process involved a large number of disparate topics to form an overall investigation for the project scope. Definition of the project requisitions and scope was the main requirement of the first semester’s work. The first task was to define the overall problem domain, including the mobile technologies and concepts that are possible and available to deploy, for example, synchronisation and connectivity issues with mobile devices. This was a very important step in defining a feasible project scope, ensuring the completion of development. In essence the research investigated what mobile technologies and methodologies are available and possible to implement, with respect to the functionalities required for this particular project. This initial research in turn refined the scope of subsequent researches to the following topics:

1. Research on types of PDA to use
2. Research on development platform
3. Research on synchronisation methods
4. Research on RDB for PDAs
5. Market research on available PDAs

2.1.1  Research on PDAs
The first and foremost requirement was to specify the type of mobile device to use in the project. Mobile devices, or more specifically PDAs (Personal Digital Assistant), are generally divided into two categories; Palm and PocketPC. The main difference between the two types is that Palm uses PalmOS and PocketPC uses Windows CE (Windows Compact Edition) as its operating system. Smartphones, which are either PDAs with phone capability or mobile phones with PDA functionalities, were eventually dismissed as phone capability was not necessary for this project. The research also studied TabletPCs and notebooks, but this option too was rejected for inefficiency reasons. As the issue of supplying required devices to asTTle users is very important, the provision of expensive tools such as TabletPCs was deemed impractical. With such considerations, the investigation was concentrated on the comparisons between Palms and PocketPCs, and the summary of the research is as follows.
· Palm and Pocket PC adopt different approaches in user interface development. Palm builds the interface from bottom up (screen look, interaction, etc) whereas Pocket PC tries to employ users’ familiarity with Windows.

· Palm poses additional emphasis on application design. Most Palm applications are designed specifically and exclusively for the mobile use to provide best fit for user needs whereas Pocket PC largely bases on Windows applications, where the conversion of existing applications is the major focus.
· Palm tries to exclude as much as possible from the system except only the functions that are vital to users, whereas Microsoft tries to include as much as possible to the device.

· Palm preaches ‘simplicity’ as its main advantage, whereas Pocket PC proclaims ‘power’ instead.

· Palm has no explicit ‘file system’ and users normally don’t need to ‘save’ changes. Each application maintains its own set of information objects. Instead of putting ‘documents’ into ‘folders’, user can ‘categorize’ application’s information object by using categories list.
2.1.2  Research on Development Platform
With a better understanding in what tools are available for the project implementation, it necessitated the decision on the development platform. The main feature of the development platform investigated was the programming language in which the mobile application will be implemented. A number of proprietary and free programming languages were examined, and the advantages and disadvantages, estimated learning curve and compatibility with different mobile operating systems for each language were analysed in detail for comparisons. Some of the languages investigated are as shown table 2.1.
	
	NSBasic
	Crossfire/
MobileVB
	CASL
	J2ME
	CodeWarrior

	Programming Language
	Basic
	Visual Basic
	Similar to VB
	Java
	C / C++

	Steep Learning Curve
	No
	No
	No
	Yes
	Yes

	Development Time
	Fast
	Fast
	Fast
	Average
	Slow

	Runtime (VM) Required
	Yes
	Yes
	Yes (Std)
No (Pro)
	Yes
	No

	Cost
	Moderate
	Expensive
	Cheap (Std)
Moderate (Pro)
	Free
	Moderate


Table 2.1: Programming Language Comparisons
2.1.3  Research on Synchronisation Methods

As this project concerns collection of data on mobile devices, synchronisation of the collected data with the data stored in host system was one of the main functionality requirements. As such, research effort was concentrated the most on the topic of synchronisation.
 Both Palm and PocketPC support proprietary synchronisation functionality, which are called HoySync and ActiveSync respectively. The summary and comparisons between the two processes are as given in table 2.2. However, because both of the synchronisation processes require its own desktop portals, the universality of the processes and software could not be guaranteed. For example, ActiveSync for PocketPC does not define a standard automatic file conversion for non-Microsoft third party applications. As asTTle is a multi-platform system that runs under various operating systems, it was important not to limit the functionality of this project only to a specific set of operating systems
	HotSync
	ActiveSync

	Synchronisation for Palm is based on ‘users’. Each Palm device knows its user’s name, except for the case when it was never synchronized before. Palm’s desktop software maintains its own list of users, unrelated to Windows/NT users. During sync process, the provided HotSync software matches username of the device with one of known usernames in its database.

All the information up until last sync is kept, thus any new device may replace a lost device after a single sync.

Palm’s HotSync software creates a directory tree on the disk where all data of all known PalmOS users are stored. This data structure is based only on files (no registry info), and therefore may be shared by several operating systems or even accessed concurrently through the network.

Most cradles, cables and other devices that are used for sync have a special button that automatically invokes HotSync with necessary settings, removing the necessity of setting up the connection although the software must be setup.

It is capable of synchronizing any kind of data and application.

In case of data synchronisation conflicts, of which HotSync notifies the user, the client and server will have both the client and server version of conflicted files. Thus the user is responsible for solving any conflicts.
	Sync process in Pocket PC is based on ‘partnerships’ rather than Palm’s ‘users’. ‘Partnership’ is an object in Window’s class hierarchy that represents a link between this specific installation of OS and one given handheld PC. Palm’s ‘user’ may be represented as ‘double-sided’, meaning that a Palm user has to match the desktop user. In the same sense, Pocket PC’s ‘partnership’ is a ‘single-sided’ object, meaning the other side of the synchronisation is always the user currently logged in. This has one flaw – when the device is transferred from one user to another and was not reset, then the data of the two users are mixed both on the desktop and on the Pocket PC.

Users have many options for scheduling sync process: user may start sync process manually by running a program either on PC or on Pocket PC side; sync process may be started automatically when the device is inserted into the cradle, etc.

ActiveSync is Microsoft’s proprietary synchronisation system (not cross-platform). Thus, it is rather unlikely that a Linux or UNIX box could serve the role of a synchronisation server.
Pocket PC OS can be run on devices including Compaq iPAQ, HP Jornada and Casio Cassiopeia, thus enabling synchronisation between these machines. However, other devices cannot synchronize with Pocket PC without ActiveSync software.


Table 2.2: Summary of and Comparisons between Hotsync and ActiveSync

For such reasons the research was concentrated more on non-vendor specific synchronisation methodologies, namely Web Services, SyncML and conduits. 
Web Service is a self-describing, self-contained, modular unit of application logic that provides some business functionality to other applications through an Internet connection. As Web Services platform and language independent technology, the option supports for the cross-platform nature of existing asTTle system.

SyncML, short for Synchronisation Markup Language, is an industry-wide effort to create a single, universal data synchronisation protocol optimized for wireless networks. The SyncML structured data layer uses XML wherever appropriate. SyncML is intended to work on a diverse set of transport protocols, including HTTP (HyperText Transfer Protocol) and WSP (Wireless Session Protocol, part of Wireless Application Protocol), and with data formats ranging from personal data (e.g. vCard & vCalendar) to relational data and XML documents. Utilising SyncML standards, mobile devices can be synchronised with host PCs with physical network connection. As with Web Services, platform and language independent feature of SyncML makes it a suitable option, perhaps in conjunction with Web Services, to adopt as the synchronisation method.
Lastly, conduit is an intermediate application that works on the desktop PC, processing the data on their way from desktop to Palm and vice versa. The conduit makes the decision of which data is to be transferred and how they are presented. 

All the methodologies investigated in the research presented alternative means to achieving data synchronisation, supporting the platform independent nature of existing asTTle system.
2.1.4  Research on Relational Databases for PDAs

	Product Name
	OS Support
	Key Features

	Sybase SQL Anywhere Studio
	Windows CE
Palm OS
Symbian OS
Linux
Java
	▪ Full-featured Adaptive Server Anywhere (ASA) database for desktop environments and Windows CE

▪ UltraLite deployment for mobile operating systems, providing a relational database with a footprint as small as 50K

▪ Built-in synchronization to any ODBC back-end data source

▪ Strong encryption of both the data stores and communication stream

	DB2 Everyplace
	Windows CE
Palm OS
Symbian OS
Linux
Java
	▪ A relational database management system with a footprint as small as 150 KB

▪ Support for a wide range of mobile operating systems

▪ Synchronization to a variety of back-end data sources via IBM DB2

	Oracle9i Lite
	Windows CE
Palm OS
Symbian OS
	▪ Lightweight relational database that resides on the mobile device

▪ Centralized Web management console to manage users, data, applications, and security

▪ Handles both data and application synchronization

	SQL Server CE
	Windows CE
	▪ Lightweight relational database that resides on Windows CE-based mobile devices

▪ Similar interfaces and data management capabilities to Microsoft SQL Server

▪ Synchronization with Microsoft SQL Server databases

	PointBase Embedded Edition and Micro Edition
	Java
	▪ 100 percent pure Java relational database

▪ Integration with common Java development tools

▪ Built-in data synchronization to a variety of backend sources (Embedded Edition)


Table 2.3: Relational Databases for PDAs
Table 2.3 shows some of the commercial relational databases for PDAs examined for the project. Although there are a number of free-of-charge relational database implementations available, it was decided to narrow the research scope only to off-the-shelf commercial products. The decision was based on the observations made while researching that freeware generally lacked sufficient development support and help available compared to commercial products, and also considering the inherent fact that freeware can be less robust. The choice of specific product would depend on the development platform and the type of PDA chosen for the implementation, which will be justified in the following section.
2.1.5  Market Research on Available PDAs

With such extensive research on each of the specified topics and some preliminary decisions, a practical market research was needed on currently available PDA machines. The type of the PDA chosen for the project is Palm, the reasons of which are discussed in more detail in the following section. For the market research, functional features of various Palm models were compared as well as the current market prices at different hardware stores.
Table2.4: Feature Comparisons for Palm Models

	Models
	Zire
	Tungsten
	Treo

	
	21
	31
	72
	E2
	T5
	c
	600
	650

	Buit-in Storage
	8 MB
	16MB
	32 MB
	32 MB
	256 MB
	64 MB
	32 MB
	32MB

	Palm OS
	V5.2.1
	V5.2.8
	V5.2.8
	V5.4 (Garnet)
	V5.4 (Garnet)
	V5.2.1
	V5.2.1
	V5.4 (Garnet)

	Processor
	126 MHz
TI MAP
311
	200MHz
Intel®
	312MHz
Intel®
PXA270
	200MHz
Intel® XSCALE
	416MHz
Intel® XSCALE
	400MHz
Intel®
PXA255
	144MHz
ARM
	312MHz
Intel®
PXA270

	Rechargeable Battery
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Removable

	Screen
	160x160
	160x160
color
	320x320
color
	320x320
color
	320x480
color
	320x320
color
	160x160
color
	320x320
color

	Built-in Wireless
	
	
	Bluetooth
	Bluetooth
	Bluetooth
	Wi-Fi® 1
(802.11b)
	GSM/GPRS
or CDMA
	GSM/GPRS
EDGE or CDMA,
Bluetooth®

	Expansion Slot
	
	[image: image9.png]



	[image: image10.png]



	[image: image11.png]



	[image: image12.png]



	[image: image13.png]



	[image: image14.png]



	[image: image15.png]




	Infrared Port
	[image: image16.png]



	[image: image17.png]



	[image: image18.png]



	[image: image19.png]



	[image: image20.png]



	[image: image21.png]



	[image: image22.png]



	[image: image23.png]




	Sync Accessory
	Mini-USB
Cable
	Mini-USB
Cable
	Mini-USB
Cable
	USB
Cable
	USB
Cable
	USB
Cable
	USB
Cable
	USB
Cable

	Peripheral Connector
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	Phone
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	Email
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	Web Browsing
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	Est. Street Price (USD)
	
	$129
	$299
	$249
	$399
	$3991
	$299 2
	$449 2 


1 Requires proximity to Wi-Fi access point, sold separately. May also require additional service plans, sold separately.
2 Requires an Internet service provider account and compatible Bluetooth® wireless technology enabled phone or Bluetooth® access point, sold separately. Not all phones with Bluetooth® technology are compatible.
3 Web and email require data services from a mobile service provider at an additional cost. Pricing varies by service provider. See the available service plans for details.

2.2 Architectural Design Decisions
The result of several in-depth researches described in the previous section was that preliminary design and architectural decisions have been made. It should be noted that in researching the issues, the cross-platform capabilities of the technologies/methods were given the major focus as the e-asTTle (the project) has to support multi-platform operations of existing asTTle systems. In this section the reasons behind some of the choices made are explained in detail. The choices however are subjected to changes as needs may arise along the actual implementations.
2.2.1  PDAs
As for the type of PDA to use, Palm was recommended over Pocket PC. This is because Palm was found to be more compact and exclusive in implementing custom mobile applications, whereas Pocket PC has many unnecessary built-in applications such as Microsoft Word. Such applications can consume large memory space compared to Palm. Also, Pocket PC is seemingly less stable when synchronising data with host PC, and because Pocket PC is a Microsoft product, its vendor-specific features (including the synchronisation) can have potential problems when interacting with other platforms such as Linux. As for Palm, because its operating system is not of mainstream PC platform vendors, it is likely that it will pose fewer problems when interacting with host PC platforms.
2.2.2  Development Platform

For the development platform it was decided to use J2ME for the following reasons.
1. asTTle is written in Java.

Using Java (J2ME) for e-asTTle solution development thus seems an obvious choice that ensures compatibility between the host system and mobile devices. It will eliminate the possibility of any unforeseen compatibility issue that may occur if a different language is adopted which in turn will narrow the development effort. The unified environment can promote easier maintenance and future improvements.

2. It is a free-ware.

J2ME is distributed free of charge.

3. It will pose a lower learning curve compared to other languages.

Out of all the languages researched, Java is the language that the developer is the most familiar with. With the timeframe of the project in consideration, eliminating any pre-development tasks can be very beneficial.

4. Java is a platform-independent language.

With such portability, proper functioning across different operating systems are assured, which is an important aspect for asTTle as it is to be deployed under various platforms.

5. Java would be more robust compared to other languages.

Although it is also a free-ware, J2ME inherits the robustness of Java (J2SE/J2EE) while other free languages can not be assured of robustness to such degree.

6. Java provides more extensive documentation compared to other languages.

Implementation of the solution can become much easier and faster with a better API for the developer. 

7. The size of Java Virtual Machine, although may be slightly large, is not too restrictive.

For example, mobile phones with Java capability (e.g. Motorola V550) do not show any hindrance or difficulty in proper functioning. Slowing of application performance is less likely to be clearly noticeable.
2.2.3 Synchronisation Method
With the type and development platform of a PDA determined, preferences on the synchronisation methods had to be defined. Currently chosen options include Web Services and conduits, either or both with SyncML implementations. Web Services’ ease of use from the users’ perspective promoted the option as the primary means of synchronisation. With Web Services, users are not necessarily required to establish a physical connection with the host machine in order to achieve synchronisation. Users can connect to a synchronisation server via the Internet, whereas the conduits require physical connections between the host and mobile client machines. For this reason conduit – written in Java – was chosen to be developed as a back-up solution in case of any failure with Web Services occurs, e.g. connection failures.
2.2.4  Relational Database
The reason behind the choice of relational databases over other forms of databases (e.g. XML database or Flat file database) was that the use of relational databases on both the host and mobile client can support direct synchronisation between the databases. This can eliminate any auxiliary processes such as format conversion that may arise if other forms of databases are used. Essentially, any database with Java connectivity will suffice the purpose of the project. 
2.2.5  Palm Model

From the comparisons made between several models of Palm devices, the final decision was made based on each model’s inclusiveness of required features as well as unnecessary functionalities. For example, Wi-Fi
 or bluetooth
 are not crucial functionalities needed for the project, and choosing a model without such functionalities could mean a reduced price. The price of models was also an important factor in determining the model as it should be viable and practical enough to provide system users with the hardware they need. With such conditions taken into account, the model chosen for the project was Tungsten E2.
2.2.6  System Architecture Design

With all the decisions made on the initial hardware and software requirements, a preliminary design was constructed for the system architecture as depicted in Figure 2.1 (subjected to changes as needs may arise). The design aims to implement a connectionless application for data collection processes, that is, the number of times that the application needs to connect to the server is minimised. The current design suggests that the mobile application will connect to the host server only at the start and end of each session, respectively for retrieving initial set of data (e.g. student name, test details) and for storing test results back to the server. The design takes into account the inherently unstable mobile Internet connections. By carrying out the actual data collection process off-line, the duration of the process can also be flexible without the connectivity restraints.
The designing and construction of system architecture necessitated refinements to the scope of the project. The initial project scope, as described in the first chapter, included both scoring and performing of tests, respectively by teachers and students. The latter option however found to be infeasible and its development was dismissed for the following reasons.
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Figure 2.1: Proposal System Architecture
1. Considering the number of students involved in each testing session, providing necessary hardware becomes impractical.

2. Regarding basic regulations on testing situations, with students using mobile devices to sit tests teachers may have less control over the test duration and other such regulatory rules.
3. Process of Synchronising many mobile machines can be strenuous and time consuming in case where conduits need to be used, as conduits require physical connection between the host machine and the mobile client machine.
4. Small screens and other such issues can impose limitations on what type of questions that students can be exposed to.
5. Better functionalities and support can be provided by using larger machines such as desktop computers with the Internet connectivity, given that mobility is not a major requirement when sitting tests.

6. Learning how to operate machines such as PDAs can itself be a challenge as the target students are primary and/or intermediate school pupils.
On the other hand, above reasons also provided comparative rationales for undertaking the implementation of the solution for data collection by teachers (i.e. test scoring). Consequently subsequent designs and implementation details are focused only on the single task or data collection application.
2.3 Implementation Designs
The next stage of the project, as the result of the researches and based on the preliminary decisions, was to design and implement the required functionalities. This phase involves largely two separate implementations, one for a web application needed for the host server and the other application for deployment on mobile devices. Currently, initial designs for both applications have been completed in draft, and implementation of the web application is underway. The implementation of the web application uses HTML with Java Script and PHP, and the mobile application will be implemented in J2ME.
As initial draft designs, a set of mock-up screen shots and wire-frames (diagrams/images showing the flow of action) were prepared which served the role of a starting point for actual implementations. The figures 2.2 and 2.3 show some of the screen shots and wire-frames (subjected to changes as needs may arise).
During the design phase it was important to establish a communication link between the web application and the mobile application. The web application defines a specific type of test to be administered on the mobile device, and assigns an individual student to be tested. The communication link that sends the information from the web application to the mobile application is accomplished by a Web Service. The mobile application will ‘pull’ the required information via the Web Service.
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Figure2.2: screen shots for the web application
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Figure 2.3: Wire-frame for the mobile application

2.4 Challenges and Solutions
This semester’s progress on the project has presented a number of challenges, the major challenge being the research part of the work. The project initially had no definite scope, with the very first project brief describing the defining of the project scope as its main task. This was proved to be the biggest challenge due to unfamiliarity with the problem domain, and the fact that the project scope was to be defined through researches in that very domain area. Another factor of difficulty was the extent of topics the research was required to cover. The research involved both theoretical and practical elements of mobile application development, ranging from synchronisation methodologies to market prices on various devices. It was also difficult because of limited resources, as the Internet was the primary and sole source of information for the research.
The only sound solution to the challenges was by carrying out the research and gaining better understanding of the technology. Thus the research report has had several revisions for refinement and addition of information. As the result of the research, however, a better understanding of the concepts in mobile application development has been achieved.
Chapter 3
Future Work
The expected subsequent course of action would be the implementation of both web application and mobile application. It is expected that some design changes may emerge as the implementation progresses. The web application has the higher priority as the test definition and assignment stage of the e-asTTle solution, which will be followed by the development of the mobile application. The implementation of both applications needs to ensure the security in communication links, as well as fault-tolerant mechanisms in case of unexpected connection or system failures. Further requirements are expected to be identified as the work progresses. The implementation task is expected to be finished by mid October.
After the completion of development, extensive usability tests need to take place to warrant customer satisfaction. The tests will involve real prospect users of the system, and their feedback will be incorporated into the system.
Concluding Remarks
Overall, the progress on the project during the first semester was well paced with the proposed project timeline. The extensive research work carried out during this time is expected to streamline the work required in the actual development stage. However the time plan for the next semester also accounts for possible design changes that may disrupt the current plan, so that the completion of the development is guaranteed.

Further updates to the progress will be promptly announced through the project web site at http://studwww.cs.auckland.ac.nz/~ylee088/btech450dt/. 
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� Wireless Fidelity, A wireless data networking protocol generally used to connect PCs and laptops to a network. Also known as 802.11b and WLAN (Wireless LAN)


� A short-range radio technology aimed at simplifying communications among Internet devices and between devices and the Internet.
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