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Introduction

The last few years have seen a dramatic increase in the availability of powerful,
stable, well-connected mobile computing platforms at a reasonable price.  As
well as satisfying the demands of home users, these devices offer huge
opportunities to scientific and engineering organizations that wish to have
access to IT systems when on the move.

This supplement will discuss the benefits of mobile devices, and in particular
how they can be applied to scientific solutions. It will then go on to look at how
these solutions can be implemented and the considerations that have to be
made.

  

Figure 1: HP iPAQ Pocket PC (in cradle); T-Mobile Pocket PC Phone Edition

Tessella has significant experience of implementing applications designed to be
run in unusual environments.  We have developed solutions for use on trains,
passenger aircraft, in delivery vans, hospitals and for field researchers working
remotely to gather data with PDAs.  Our most recent work includes three
different Pocket PC applications for capturing data in clinical trials.
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Benefits of handheld computing devices

The value of small-yet-powerful portable computers is clear.  Most available
business software concentrates on Personal Information Management (PIM),
with calendars, word processing and mobile communications to keep remote
workers up to date with their corporate headquarters.  However for scientific and
engineering projects there are great opportunities for data collection, image
capture and remote sensing.  Combine the two features of personal
management and data management and mobile researchers can run their
experiments efficiently and comprehensively.  Almost instant feedback can be
received as they send new data in and browse current results from a central
database or receive graphs or images from distant co-workers.

The key to data collection is good interfaces.  In several projects Tessella has
found that information such as questionnaire responses, measurements or
control settings can be input effectively by humans using mobile devices,
providing the visual interface (GUI) is right.  The technical limitations of handheld
computers, and especially their small displays, present a particular challenge.

There is an added bonus in choosing a PDA-based approach to data collection,
as opposed to traditional methods such as paper questionnaire forms, or
collecting images with conventional cameras.  Behind the graphical interface
can be programmed various validation rules which will immediately spot and
alert the user to any problems with the data collected.  For example, a clinical
trial system developed by Tessella enables medical questionnaire replies to be
cross-checked for consistency as the questionnaire is filled in on an iPAQ
Pocket PC, by an investigator in the ward.  This saves the inconvenience of
contacting the investigator again and arranging for another patient visit if
unresolvable conflicting responses were to be found when the data is submitted
to the central database.  Another example would be imaging software which
instantly analyses a captured image and complains if the researcher has
positioned the camera incorrectly.

History of mobile platform

Mobile computing platforms come in many shapes and sizes, from laptops and
tablet PCs to PDAs and phones.  The former are too bulky to be truly mobile but
still have a part to play in what could really be called the ‘portable’ computing
market.  PDAs are taking over as the mobile platform of choice and are offering
organizations approaches to computing that were thought esoteric and
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specialist a few years ago.  As phones grow in power and sophistication they
offer local processing power as well as a very mobile device.  The line between
the top end ’smartphones’ incorporating sophisticated user interfaces and
plentiful storage, and PDAs that incorporate phone capabilities is now very
blurred.

The two most popular operating systems for mobile devices are Palm OS and
Windows CE. The first Palm Pilot PDA was released in 1996 [PALM-OS], and
proved to be very popular. For a long time, Palm OS dominated the mobile
computing industry, but is now losing market share to Windows CE devices.
This is partly as a result of a switch in focus from the company away from PDAs
and towards smartphones, which they see as the future for mobile computing.

Windows CE was first developed as an operating system to compete with the
dominant Palm OS.  The first devices to use Windows CE were palmtop
computers with PIM features, made by Casio and Hewlett Packard.  The aim of
these systems was to replicate the look and feel of desktop Windows systems,
using the same Start menu and desktop design as Windows 95.  The devices
included ‘pocket’ versions of Word and Excel in addition to the more usual
calendar and contacts programs. The success of these early CE devices was
limited, with many people still preferring to use devices running the Palm OS.
Users complained that the Windows interface wasn’t suitable for the more task-
driven applications of PDAs.  Other problems contributed to this initial lack of
enthusiasm, notably the power hungry colour screens that led to poor battery
life.

In 2000 Microsoft launched a new version of Windows CE, called Pocket PC
[POCKETPC]. This operating system was more task-oriented, with a redesigned
user interface that didn’t try to emulate the desktop versions of Windows but
instead made it easier for users to manage their information.  The taskbar was
moved to the top of the screen, and file management was supported using
Windows CE Explorer.  Pocket PCs are now available from many vendors.  The
current version of Pocket PC, Pocket PC 2003, provides improved networking
features and is also more customisable by the end-user in terms of look-and-
feel, following the trend of developments on Microsoft’s desktop systems.

As with Palm OS, Windows CE is also being used increasingly in smartphones,
which act as both a PDA and mobile phone. There are also other operating
systems, including one by Research In Motion Ltd for their BlackBerry device
[BLACKBERRY]. The BlackBerry is a smartphone which is proving popular with
business people due to its advanced features and email handling.
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PDAs for scientific solutions

When developing software for a scientific solution, the first decision is which
handhelds best suit the needs of the project.  Within devices that run the same
operating system there is reasonable flexibility for deploying the software on
different versions of the device, with the caveat that there is extra work involved
in developing for more than one display size.  Because of the strongly differing
operating systems, choice of hardware and software are interlinked, including
which development environment should be used on a desktop PC to create and
deploy new software to the chosen devices.

Without extra storage, it is clear that one cannot install a great number of large
applications or data files in a typical 64 MB of RAM, especially as running
applications must use some of this memory (the user can partition how the
memory is used on the Pocket PC to optimize performance).  Therefore the
optimal model for an environment where the user needs to be able to access
large information resources is to use the handheld client to download stored
data from a remote server.  The version of Internet Explorer provided on the
Pocket PC platform provides one convenient interface.

However, if the typical usage mostly involves capturing data, the simplest
approach is to transfer the data from the handheld devices directly to a desktop
or notebook PC when the devices are returned to base after roaming research.
This avoids the costs of wireless or conventional modem accessories and the
expansion jackets which are needed to fit them to the basic handheld devices.

To communicate between a handheld device and a desktop or laptop PC,
synchronization software is installed on the host PC.  Palm OS devices use
HotSync, which requires that each device is given a unique name.  The
Microsoft ActiveSync environment is in some ways more flexible as there are
more options for how to transfer data between the host and the Pocket PC.  If
more than one device is used to feed data to a PC, it would be normal to
connect in ‘guest’ mode, rather than synchronising the contents of the mail and
other folders.

Development environments

.NET Compact Framework

Microsoft’s development environment for the Pocket PC platform is based
around the .NET compact framework [CE-NET]. This is a cut-down version of the
full .NET framework. It is available as a plug-in to Visual Studio 2003, and allows
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for the development of managed applications written in VB.NET or C# on any
platform that supports the .NET compact framework runtime. At present, in
addition to Pocket PC 2003 the runtime is available for Pocket PC 2002, Pocket
PC Phone Edition and Windows CE.NET 4.1 or later.

The .NET compact framework library is about 10% of the size of the full
framework. This was done in order to fit the framework within the limited
resources available on a mobile device. In order to get this reduction in file size,
large sections of the framework have been removed. Some, like printing, have
been removed due to their lack of relevance to mobile devices, where as others
such as the XML XPath functionality have been removed purely because of the
need to cut down the size.

By integrating the development of mobile applications into Visual Studio,
developers can write programs targeted at these devices in much the same way
as they would write programs for desktop PCs. This allows developers to apply
their existing skills when developing mobile applications, with the possible
exception of user interface design where special considerations need to be
made for the target platform.

Another advantage of developing within Visual Studio is when it comes to testing
the application. An emulator is provided to carry out debugging entirely on the
machine being used for development, or alternatively debugging can be carried
out directly on the device with it connected via USB, serial or Ethernet to the
development PC. It is always a good idea to test on the device itself in addition
to using the emulator as there can be differences in the way the program
behaves, especially when it comes to performance as an application can be
much more responsive on a fast desktop PC compared to the less powerful
mobile devices.

AppForge

An alternative option to develop software for handheld devices comes in the form
of an add-in for Visual Studio, produced and supported by AppForge
[APPFORGE].  This has the merit of allowing parallel development for both Palm
OS and Pocket PC platforms, all within the standard Visual Studio environment
as with the .NET compact framework solution.  However, different screen sizes
necessitate redesign of the GUI, so the ideal of one project being deployed in
parallel may not be realized in practice.
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The model is similar to the Microsoft .NET approach detailed above in that
development occurs within the standard Visual Studio environment.  Applications
can be tested within Visual Studio, but unlike the .NET compact framework
development it is not possible to debug directly on the device. Also, instead of
using the standard Visual Studio controls for development, AppForge supply
their own ‘ingots’ with the add-in that must be used instead. These are special
controls that can be deployed on the mobile devices, regardless of whether they
run Palm OS or Pocket PC. The ‘Booster’ run-time environment software is
needed to run applications on either platform.  In the case of the Palm platforms,
the Booster software can be deployed for free, but on Pocket PC end-users
must pay AppForge for a licence to install Booster on each device.

J2ME

Java 2 Platform Micro Edition (J2ME) is the Java platform for the mobile device
from Sun Microsystems [J2ME] and is designed to enable the development of
software applications for a range of portable and mobile devices that range from
simple pagers to set-top boxes.

The architecture of the J2ME is somewhat different to that used by the standard
edition of Java (J2SE), which has a common set of libraries for all platforms.
The J2ME employs a more component-based approach to supply a Java
environment that is optimized for all the various mobile devices available.  A Java
Runtime Environment (JRE) for a specific mobile platform combines a
configuration module and a profile.  This basic framework can then be enhanced
with a set of (optional) class libraries that are dependent on the features required
for an application or the physical resources available on the device.

A configuration consists of a Java Virtual Machine and a basic set of libraries
that provide the foundation for a general class of mobile devices. A profile, which
is usually tied to a particular configuration, provides a set of libraries in addition
to those found in the base configuration and support device-specific functionality,
such as user interface components and other platform-dependent features.

It is conventional for Java applications to be developed using the various
Software Development Kits (SDKs) and command line tools and development
with J2ME is no exception, however there are several IDEs that are available for
programming, including plug-ins for popular tools like Borland’s JBuilder
[BORLAND].  The Java 2 Micro Edition Wireless Toolkit contains a development
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environment and an emulator to test applications before they are deployed onto
the target device.

Connectivity and security issues

Perhaps the biggest driving forcing in making mobile computing truly useful is
the dramatic improvement in connecting your platform to other devices.
Although initially confusing due to the range of technologies, the opportunities
presented are exciting. At the most basic level, accessories are available that
enable a PDA to dial an ISP over a cellphone network and have truly roaming
Internet access.  Alternatively, hybrid PDA/phones and smartphones can be
used in a similar way to access the Internet wirelessly. Using the GPRS
protocol it is possible to get transfer rates of about half a standard dial-up
modem connection. Currently being rolled out in Europe following
implementation in Japan, 3G offers much faster transfer rates at around the
speeds you can expect from broadband.  Both GPRS and 3G are charged by
the megabyte and must be costed according to likely usage.

For connecting to local devices such as I/O devices (earpieces, for example) or
scientific measurement devices, the earlier infrared approach is being replaced
by Bluetooth. This short wave radio protocol offers good transfer speeds and
reliable data transfers. Radio signals between Bluetooth-enabled devices provide
an easy wireless method of transferring data from one machine to another within
a short physical range of about 10 metres. This facility could be convenient in
the laboratory in situations where running extra cables would impede the
operation of other equipment.  Alternatively, with roaming researchers gathering
data such as questionnaires or mapping geographical features, a head
researcher could regularly visit members of the team and import their results
onto a notebook computer, or perhaps even a master handheld device, with very
little logistical overhead.

In addition to Bluetooth functionality, an increasing number of mobile devices are
available with integrated Wi-Fi functionality. This technology allows the device to
connect to a corporate LAN that is wireless enabled, or to the Internet via public
access points also known as ‘hotspots’. These hotspots can be found in hotels,
railway stations, coffee shops and other suitably convenient locations. These
allow the mobile devices to connect to the Internet on the move at speeds much
faster than using a connection over the cellphone network.
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However, with new technologies come new security concerns.  It is advisable to
encrypt data before sending it across the Internet, even for a dedicated dial-up
connection, especially if a general cellphone network is used for wireless
access.  If the production system involves connection of handheld devices to a
corporate network, special care needs to be taken to ensure that outside
individuals cannot gain access to the whole network by scanning wireless
frequencies to intercept an existing connection.  Particular criticism has been
made of the security vulnerabilities of the Pocket PC operating system, so
further developments in this area are likely.

What does the future hold?

In the mobile computing sector, both handheld hardware and the software
available continue to grow rapidly. It is probably the wireless capabilities that will
drive further uptake of handheld devices, but also other facilities like GPS will
enable new and exciting applications.  In-car systems are being developed, for
example, to alert drivers when the level of fuel runs low in their tank and to direct
them to the nearest filling station.  It will become more common for visitors at
museums, art galleries and even retail outlets to carry around a mobile device
for the duration of their visit, providing information about where they are and what
they are looking at.

There is every indication, therefore, that PDAs or computers like PDAs will be
increasingly adopted as standard tools.  The crucial requirement is to manage
the integration of these client devices into existing and future IT system
architectures.

Conclusions

Mobile applications are limited by the hardware available and the capacity and
reliability of the networks underlying mobile communications.  However, Tessella
have shown that devices like the iPAQ Pocket PC can be invaluable
components of a solution, with great efficiency savings for roaming or widely-
distributed users.  Even within the laboratory, specialist requirements may make
a mobile device worth considering as a highly flexible and compact data tool.
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Abbreviations

GPRS General Packet Radio Service

GPS Global Positioning System

GUI Graphical User Interface

IDE Integrated Development Environment

ISP Internet Service Provider

LAN Local Area Network

OS Operating System

PDA Personal Digital Assistant

PIM Personal Information Management

RAM Random Access Memory

SDK Software Development Kit

USB Universal Serial Bus

VB Visual Basic

XML eXtensible Markup Language



Active Server Pages
Archiving of Electronic Information
Asset Management & Monitoring
Automated GUI Testing
Bayesian Statistics
Beowulf Clusters
Beyond LIMS
C++
Choosing and Using a LIMS
COM
Computational Fluid Dynamics
Computer Image Processing
Decision Support Systems
Development for the Mobile Platform
Digital Preservation Practical
Experiences
e-GIF
Electronic Data Capture
Electronic Lab Notebooks
Evolutionary Computing
Excel
Extending the Life of Software
FDA 21 CFR Part 11
Formulation
FORTRAN 90
Grid Computing
High Throughput Experimentation
High Throughput Screening
Instrumentation
Integrated Lab Systems

J2EE
Java
Linux
Microsoft .NET
n-tier Architecture
Object Oriented Programming
Open Source and Free Software
Pocket PC
Portable GUI Development
Real Time Systems
Regression Testing
Security and the Internet
Simulation
Soft Computing
Software Development Cycle
Software Documentation
Software Portability
Software Re-engineering
Software Specification
SQL
UNIX Inter-Process Comms
UNIX System Performance
Web Services
Web Scripting
Windows 2000 Services
Workflow Systems
XML
X Windows
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