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Foreword l 

Our future is pervasive. 
We were not meant to be chained to our computers in our Dil­

bert cubicles. Having millions of white-collar workers commute to 
work every day to sit for eight hours chained to their computer is 
something right out of a Kafka novel. 

Before the cell phone, I can remember sitting at my desk waiting 
for calls to be returned. If I was traveling I made sure that I was all 
setup to p lace calls from public phone booths. 

Today, I can't imagine having to look for a telephone booth! I 
can be reached on my tri-band d igital cell phone anyv,1here in the 
world instantly. I also have a PDA that I carry everywhere. My PDA 
instantly synchronizes with my desktop computer, which in turn 
connects to a larger network of computers and web portals. The 
world is my neighborhood. 

Soon digital devices will be working together hand in hand 
thanks to technologies such as Bluetooth. This includes devices such 
as Cell phones, Digital Cameras, PDAs, and desktop computers. 
T he \Nireless Internet is the catalyst for the convergence of digital 
communications, computing, and rich media. This is a mega trend 
that we call "Pervasive Computing". 

\Nhat "Pervasive Computing" means to each and every one of us 
is the ability to take our own worlds of personal and business infor­
mation with us wherever we go. Now we can always be in touch 
with our families, affinity groups, and co-workers. 

The vision for "Pervasive Computing" encompasses universal and 
integrated instant person to person or person to business visual 
communications. This is a complete new media that will revolu­
tionize the way we communicate. One good example is an instant 
wireless digital camera that can share photographs instantly with the 
rest of the world through the wireless Internet: point, shoot, and 
share ... instantly. A picture is worth a 1,000 words! 

As technologists we are delivering this vision through careful ad­
herence to open industry standards such as JPEG 2000 and 

Foreword 1 ■ V 
■ 

• 



SyncML. Together with the worldwide build-up of a global infra­
structure for the W ireless Internet these are the key ingredients to 
make our vision a reality. 

The technology components necessary to deliver on this global 
vision are advanced and complex. However. they deliver an elegant 
and functional end-to-end solution. And as we know well. a world 
connected and synchronized is a world perfected. 

Because of its universal appeal, the industry growth that will be 
generated by Pervasive Computing will be astounding. 

"Pervasive Computing" is global and universal and focused on 
simplifying our daily lives. A very good thing! 

Philippe Kahn 
Chainnan of the Board, LightSurf Technologies, Inc. 
August2000 
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Foreword 2 

Those of us old enough to have grey or missing hairs have lived 
through the aftermath of a number of major technological develop­
ments. These developments have resulted in the widespread de­
ployment of, for example. black and white televisions, color televi­
sions. VCRs, camcorders, quartz watches, mobile telephones, per­
sonal computers, and the Internet. In some of these cases (black and 
white television, VCRs, mobile telephones, personal computers. and 
the Internet), these technological developments have had a profound 
sociological impact. They have changed the way that people live 
their lives. In other cases (color television, camcorders, and quartz 
watches) they have been replacement technologies that have signifi­
cantly improved the quality of an experience, but have had little or a 
less profound sociological impact. 

\Ne now stand on the verge of yet another major technological 
development - the embedding of inexpensive digital processing, 
storage, and communication capabilities into a vast range of devices 
both existing and new. These devices will span the gamut from 
home appliances (refrigerators, washing machines, stoves, etc.) to 
buildings (windows, doors, heating and air conditioning, etc.), vehi­
cles (cars, bosses, trucks, trains, airplanes, etc.), and new forms of 
personal electronic accessory (electronic organizers, elecu·onic shop­
ping lists, electronic books, web capable cell phones, etc.). What is 
not yet clear is how these capabilities will be exploited, if and how 
these devices will communicate with each other in practice, and 
what, if any. sociological impact their availability will have. 

T here are a number of preconditions that are necessary for the 
widespread deployment of devices that exploit new technological 
capabilities. 
1. They have to deliver an easily perceived value, at a low enough 

price, to convince a significant number of individuals to part with 
their hard-earned cash. 

2. They have to fit seamlessly into a widely deployed infrastructure. 

3. They have to be sufficiently easy to use. 
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\/Vithout an easily perceived value, nothing will happen, but price 
is also a key element of any deployment equation. From the moment 
of their introduction, a huge number of people could see the value of 
owning, carrying, and using a cell phone. They didn't rush out and 
buy one because the initial prices of purchase and use were high, and 
could oniy be justified for high value calls. If one views cell phone 
deployment rates, especially in Europe, then there have been three 
pricing developments that have had a huge impact on deployment 
levels. a) T he real cost of handsets came down, but perhaps even 
more important, most of the real cost of a handset was amortized by 
service providers over future subscription and call charges. T his al­
lowed handsets to be sold for an artificially low price, and often be 
given away for free. b) Duling evenings and on weekends, cellular 
call tariffs were priced significantly below residential wireline tele­
phone tariffs. This made a cell phone a significantly cheaper alterna­
tive to a residential wireline telephone, especially for households 
which were away during the day. c) Handsets that employ prepaid 
smart cards (SIMs) were introduced. These allowed cellular users to 
both budget and cap their call charges on a call by call basis, and for 
parents to totally eliminate bill shock when providing their children 
with cell phones. Each of these pricing developments has had a 
profound effect on the v...illingness of very large populations to own, 
carry, and use cellular telephones. In the UK alone, the introduction 
of prepaid smart card cell phones turned an additional 1/4 of the 
entire population into cell phone users in little more than a year. 

Once purchased, devices must have widespread access to a widely 
deployed infrastructure. This in practice requires at least national, if 
not the universal, adoption and deployment of de-Jure or de-facto ' 
standards. If different television sets had been required to view dif­
ferent broad,cast channels, deployment would almost certainiy have 
been stalled. Attempts to employ a different parallel infrastructure, 
even if better, are also usually doomed to failure. Sony's Betamax 
VCR format is a well known example of this. Without near total 
coverage in the areas a user wishes to traverse, a cellular telephone 
becomes largely useless. It is just such a widely deployed infrastruc­
ture that has given GSM cellular telephones their extremely wide 
appeal. I personally carry a tri-band GSM2 cell phone that has 
worked in every continent I have u·aversed in the last year including 
large parts of the North America, Europe, Australia, and Asia. Per­
haps the greatest testimony to the importance of a widely deployed 
and common infrastructure is the World Wide Web. Hypertext. 
linking and packet switching are both thirty year old technologies. 
What gave the Web its growth power was the ability to use almost 
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any browser on almost any computer to access an entire and mush­
rooming world of content and services. 

Finally, devict'.s based on new technologies have to be sufficiently 
easy to use. Note, I didn't say easy to use. The nwnber of deployed 
VCRs that display a flashing time of 00:00 are testimony to this, but 
if the main things that a user wishes to do are too difficult they will 
just give up, and tell their friends and neighbors not to waste their 
money trying. 

So where do devices that embed digital processing, storage, and 
communication capabilities stand with respect to these three criteria? 
T he simple answer is that it is too soon to know. T here have been 
some extremely successful pilots and even full scale deployments in 
relatively narrow spaces such as electronic shopping assistants and 
web capable cell phones, but these are hard to project from. 

We know that in Japan, NTT DoCoMo are deploying more than 
one million new I-mode (web capable) cell phones a month, but 
projecting from Japan, a country in which there are only 3 million 
PC- based web users, almost all of them office based, to other geog­
raphies that already have large numbers of home-based PC web 
users, is extremely dangerous. Similarly, projecting from Japan's 
success in employing a pure W eb (HTML 3.2 and HTTP 1.1 over 
a cellular bearer rather than TCP/IP) infrastructure to futu re Euro­
pean success in deploying an alternative WAP (non-HTML and 
non-HTTP) infrastructure is, I think, premature. 

So what is the role of this book? It is twofold. It is to peer into 
the future by presenting a number of potential road maps, and it is 
to describe the technologies and infrastructures that will be required 
to pave the way. Some of these technologies and infrastructures are 
available at a suitable price now, some will be available at a suitable 
price soon, while others are still missing in actton, 

Like the early days of automatic teller machines (AT Ms), early 
pervasive computing pilots and deployments are already having a 
significant bottom line impact for early adopters (see NTT Do­
CoMo above). W ith the passage of time the deployment of perva­
sive computing devices and infrastructures, as with A TMs, may wen 
simply become a cost of doing business that delivers minimal bottom 
line advantage. For this reason, the time is now right for businesses 
to determine whether they wish to take the risks and garner the 
potential rewards of being early adopters. This book is a useful tool 
in coming to an informed decision. 

Nick Shelness 
Chief Technical Officer, Lotus Development Cmporation 
August 2000 
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2 Information Access Devices 

2.1 
Handheld Computers 

Handheld computers comprise the hargest group of Internet con­
nectable pervasive devices. They are small, lightweight, and fit into 
pockets. A stylus is used to tap on a touch screen to activate applic;:i­
tions or enter data. Cun-ently two major operating s stems are ap­
plied on hand.held devices: Palm OS and Windows CE. 

2.1 . l 
Palm OS-Based Devices 

Palm OS was developed by Palm Computing, a subsidiary of 
3COM. It 1 the b t-known and most popular operating ~stem for 
handh id devices, having a market share of about 70 percent. Palm 
OS based d vices are manufactured by PaJm or other companies, like 
Symbol, IBM. and Handspring, which licensed the op rating system 
and sell devices on their own. 

The renown Palm III models were launched in 1998. They in- Some Palm OS 
eluded infrared communication, version 3.0 of Palm OS and 2 MB devices 
of memory. The newer Palm Illx has 4 MB of memory and an im-
proved display. The heart of the Palm IITx is a Motorola Dragonball 
EZ processor, which is more power efficient and opens th way for 
the use ofless exp nsive memory upgrades. The Palm Irle i,s the first 
Palm OS based device with a color display. It was released in 2000. 
Besides having generous 8 MB of memor . the Palm Ille runs Palm 
OS versjon 3.5, which is the latest update of the operating system. 

The high-end Palm device for professional users is the Palm V. It 
is a very thin device in a brushed aluminum housing and features 8 
MB of memory and a rechargeable lithium-ion battery (Figure 2.1). 
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Figure 2.1 : 
Visor and 

PalmV 

These Palm devices can be plugged into a cradle, which connects 
them to the serial port of a PC. An external modem is also available, 
allowing them to access a network directly through a phone line. 

Photos courtesy of Handspring Inc. and Palm Computing, Inc. 

The Palm VII device has been designed to have Internet access 
without any additional hardware and software. The device is turned 
on whenever the user flips up the antenna. Currently, the Palm VII 
is only available in the US where users can send and receive wireless 
email and lookup special web pages with this Palm device. 

A cellular phone and a Palm within one device - that i the con­
cept of Qualcomm's pdQ Smart Phone. It is a full -functional Palm 
with additional mailing and Internet access capabilities. Symbol's 
SPT 1500 and 1700 devices are specialized versions of the Palm III. 
The SPT 1500 has a built in laser-beam reader, and the SPT 1700 
can transmit the scanned data using a wireless transmi ion module. 

The last Palm OS device we want to mention here is Hand­
spring's Visor which was developed by the team around Jeff Haw­
kins, who left 3COM in 1998 to found his own company. The Visor 
is based on Palm OS 3.0 (Figure 2.1). The advantages of the Visor 
concept are the very good performance, the improved date and ad­
dress book applications, the USB interface and - maybe most im­
portant - the possibility to plug additional peripherals into a hard­
ware interface called Springboard. Some of the planned add-ons are a 
wireless modem, a Bluetooth module, a MP3 player, and a GPS 
device. 

Palm The most important native applications of Palm OS based devices 
applications are the Address Book, the Date Book, the To Do List, the Memo 

Pad, and the Mail application (Figures 2.2 and 2.3). 
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• The Address Book displays a master list of addresses sorted by 
last name and displaying the principal phone numbers. 

• The Date Book is used to display and edit appointments in a 
daily, weekly or monthly view. 

• At the time the M emo Pad application is started, it first shows 
an index consisting of the first lines of the memos. If you tap on 
a list element, the complete memo is displayed. 

• With the Mail application users can read downloaded emails or 
generate new emails offline. 

Many other applications are available as freeware, shareware or 
commercial products from various third-party providers. Among 
them are fax software, calculators, alarm clocks, drawing applica­
tions, games, travel guides, and many, many more. 
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Figure 2.2: 
Address and 
Date Book 

Figure 2.3: 
Mail and 
Memo 
Application 

Text can be entered with taps on a small keyboard and displayed Text entry 
on the screen. Alternatively, glyphs can be drawn in a dedicated area 
below the screen. Glyphs are simplified characters, which can easily 
be interpreted by a simple handwriting recognition software called 
Graffiti (Figure 2.4). Graffiti input eliminates the complexity of 
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different writing styles. Almost every letter can be formed by a single 
stroke. 

HotSync The synchronization mechanism between a Palm OS based de-

Figure 2.4: 
Graffiti and 

Keyboard 

vice and a desktop PC is HotSync. The changes made since the last 
HotSync are automatically updated on the Palm device and the 
desktop PC. If corresponding records are changed on the PC and 
the Palm OS device, HotSync will detect a version conflict. 
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Infrared port The infrared port offers a convenient possibility to exchaRge data 
between different devices. Business cards, calendar entries, and entire 
applications can be "beamed" from one 'Palm to another without the 
detour over HotSync and a PC. The infrared port can also be used 
to communicate with a cellular phone instead of an attached modem 
to connect wirelessly to a network. 

Internet access The Palm allows to access Internet sites either through an Inter-
net connected PC or directly by going online via modem. There are 
several Web browsers available. Similar to the capabilities of a PC 
based Web browser, the Palm Web browsers are able to cache Web 
sides. This feature is extremely important, since a Palm device usu­
ally doesn't have a permanent Internet connection. There are several 
providers for delivering Internet content, especially for handheld 
devices. One access point for synchronizing content is A vantGo: 

• Internet content can be downloaded by the AvantGo software 
installed on a PC. AvantGo offers selected Web sites related to 
manifold topics, which are referred to as channels. U er can 
subscribe individually to particular channels of interest and re­
ceive updated content with every HotSync. The information is 
stored in HTML, thus also graphics, tables, and different fonts 
can be displayed. The Web pages are compressed before they are 
transmitted to the Palm OS device. 
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• Since version 2.0 of AvantGo was introduced, it is also possible 
to use AvantGo as an online Web browser. A proxy server at 
AvantGo.com modifies the Web pages in a way that they can be 
displayed on Palm devices. 

Similar to the Web access, there are two ways of working with 
emails - via a desktop PIM application or directly via mail server. 

• Choosing the PC way means that sending and receiving emails 
takes places on the PC. The email is synchronized between the 
Palm device and the PC whenever a HotSync with the email 
program takes place. An email written on a Palm has to be de­
livered to the PC mail application before it is sent to the mail 
server in as cond step. 

• For direct Internet access the Palm uses a modem connection 
and an email server running the standard POP3/SMTP proto­
cols. 

2.1 .2 
Windows CE-Based Handheld Computers 

Windows CE is the second major operating system for handheld 
computers, taking almost the remaining rest of the market share. 
Windows CE has been developed by Microsoft and is applied by 
manufactur rs like Casio, HP, and Compaq. 

Comparing Palm OS and Windows CE devices is somehow Windows CE 
pretty philosophic: Microsoft wants to extend today's Personal versus Palm OS 
Computer platform to mobile computers. Users should be able to do 
the same things in the same way on any computer alike device - as 
far as such is possible under the given constraints of form factors and 
reduced processing power. Windows CE provides the same con is-
tent look and feel, both on the common PC and on the smaller 
handheld. For instance Word and Excel will welcome you on Win-
dows CE and the mailing tool is an Outlook derivative, of course. 
From the Microsoft perspective, a hand held is nothing else than a 
miniaturized PC! This philosophy is reflected by terms as PocketPC, 
Palmheld PC, and Handheld PC. 

Palm propagates PC companions instead. They are different and 
complementary to PCs. Since tl1e usage scenarios are different, the 
applications and their usage must be different too. Palm OS user 
interface are pretty straight-forward to use and are optimized for 
quick mobile information access - even in a crowded subway. 
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High-end 
Windows CE 

hardware 

Figure 2.5: 
E-115 

PocketPC 
from Casio 

Personal 
Information 

Management 

In fact, the opinions about these different approaches are split: 
Some get started more easily with Windows CE because of the fa­
miliar user interface and because they have similar applications on 
their handheld, as they have on their PC. Others dislike the more 
circumstantial usage of Windows CE. There are more windows, 
more controls, and more taps required than a Palm III needs for the 
same operation. 

Compared to the competing Palm OS, Windows CE requires 
plenty of memory and processing power making devices much more 
expensive. The Casio E-115 (Figure 2.5) for example takes a mini­
mum of 16 MB of RAM and has a 133 MHz processor embedded. 
Palm devices instead are shipped with up to 8 MB RAM and in­
clude a cheap 20 MHz processor, which keeps them easily affordable 
for a broad audience. 

i 
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~ Ii] 
Excel wad 

Photo courtesy of Casio 

While Palm concentrates on state-of-the-art mobile information 
management, Windows CE devices are technological wonderboxes, 
generously equipped with fancy hardware features: They usually have 
a color display with a good resolution, enabling multimedia applica­
tions such as computer games. There is a built-in microphone for a 
voice recording facility and a MP3 player. A stereo output is pro-
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vided to plug in a headset. USB and infrared support ensure connec­
tiVity with peripherals and other devices. A CompactFlash card slot 
can be used to attach memory cards for additional storage capacity or 
one of a wide variety of the other special-purpose cards such as a 
digital camera card, or a modem card. All these add-ons make Win­
dows CE devices extremely versatile and justify the high price for 
those, who can take advantage out of them. 

Delivered with Windows CE are the typical Personal Informa­
tion Management (PIM) applications (Figure 2.6). Data can be 
entered with a displayed keyboard, which is operated with the stylus. 
Handwritten notes can be drawn on the touch screen and stored 
within graphic files or interpreted by a recognition software. Memos 
can also be recorded using the built-in microphone. 

ActiveSync is the synchronization software, which Windows CE Active Sync 
applications use for keeping the mobile data consistent and up-to-
date with databases on the user's corresponding PC. This way, in-
formation like address book or calendar entries can be maintained 
both on the mobile device and on the workplace PC. ActiveSync 
supports communication through USB, infrared, and serial port, as 
well as via Ethernet LAN. ActiveSync cannot synchronize between 
two devices or between client and server directly. 

ActiveSync comprises a Service Manager and multiple Service 
Providers. The Service Provider is the synchronization engine, estab­
lishing the connection, tracking changes, and resolving data con­
flicts. Service Providers are plug-ins contributed by application pro­
viders. They implement all application specific tasks, such as user 
interfaces or retrieving and toring changed data. 

Most of today's Windows CE devices in the field run a custom- PocketPC 
ized version of Windows CE 2.11 , which is tailored for handheld 
computers. That version is referred to as "Palmheld PC". Products 
are the Casio Cassiopeia ElOx, Compaq Aero 1500, and HP Jor-
nada 4.20. With the new Windows CE 3.0. the "Palmheld PC" was 
renamed to "PocketPC". This version is used for the HP Jornada 
540, the Compaq iPaq H3630, and the Ca iopeia E-115. For ver-
sion 3.0 Microsoft's developers have rede igned the user interface 
entirely, improving especially the clarity of the application layouts. 
Fancy stuff, like 3D look of buttons has been removed. The icons 
and windows remind a bit of the good old Windows 3.1. 

The performance of version 3.0 has been doubled, and the oper­
ating system itself is much more stable than in recent versions. 
Among the features of 3.0 is a new handwriting recognition. Glyphs, 
script or print characters, written on the touch screen can be inter­
preted by that new oftware. 
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PocketPC The PIM applications of 2.11 have been updated and renamed to 
Office suite Pocket Outlook. Part of Windows CE are pocket versions of Mi­

crosoft Word and Excel. Up to now, these tools had only been 
shipped with larger sub-notebooks versions of CE. Word and Excel 
will help viewing attachments (if there is any chance to download 
them onto the device). MS Money and a street mapping program 
are nice complimentary utilities. 

Internet The Pocket Internet Explorer is definitely one of the highlights of 
Explorer version 3.0. It supports online and offline browsing, ActiveX and 

JavaScript. While the predecessor Mobile Channel Viewer could 
only browse dedicated web sites, the Pocket Internet Explorer is free 
to surf anywhere in the net. A "shrink to fit" mechanism is an ap-

38 ■ 2 Information Access Devices 
■ 

■ 



proach to deal with the smaller screen size: Web content is zoomed 

down, until it fits into the window. 
A electronic book application and a media player reflect the aim Multimedia 

of Microsoft to emphasize on content delivery complementary to access 

providing just base technology like operating systems. 
The Microsoft Media Player can download an individual music 
library from major record companies onto a handheld device. The 
Windows Media format compresses two hours of music into 64 
M B. That is about half as much as MP3 needs. Access management 

prevents copyright violations using cryptographic mechanisms. 
Microsoft Reader is an electronic book software delivering books 

to W indows CE based devices. Well readable fonts , a built-in dic­
tionary, and a large collection of book titles are the benefits for the 
user. The goody for the publisher is a corresponding copy-protection 
system preventing illegal reproduction. 

While handheld computers are today mostly used by business 
people keeping track of their appointments, there will soon be a 
significant shift towards private and entertainment usage. Especially 

new multimedia computer games will target the PocketPC platform 
in close future. 
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Table 2.1: 
Comparing 

Handheld 
Computers and 
Sub-Notebooks 

Device 
Class 

Products 

Operating 
System 

Size 

Weight 

Data Entry 

Display 
Type 

Display Size 

Display 
Resolution 

RAM 

Battery 
charge 

Peripherals 

I 

Applications 

Palm 

Palm Illx/ 

IIlc/V/VII 
(Palm) , 
Visor 
(I-land-
spring) , 
Workpad 
(IBM) 

Palm OS 

8 x 12 x 2 cm 

140 - 160 g 

Stylus 

monochrome 
or 256 colors 
touch screen 

7.8 cm 

160 X 160 
pixels 

2 - 8MB 

> 10 hours 

Serial, 
Infrared , 
Springboard 
(Visor only) 

PIM, 

HotSync, 

Graffiti 

Pocket 
PC 

Jornada 540 
(HP) , 

E -115 
{Casio) , 

iPaq H3630 
{Compaq) 

Windows 
CE 3.0 

13x7.8x 
1.6 cm 

255 g 

Stylus 

65000 colors 
touch screen 

21 - 25 cm I 

320 X 240 
pixels 

16MB 

8 hours 

Serial, USB, 
Infrared, 
Compact Fl., 
Voice rec., 
Audio 
speaker, 

PIM, 

ActiveSync, 

Handwriting 
recognition, 

Internet 
Explorer, 

Office Suite, 

Media player 
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Handheld EPOC 
PC PDA 

Aero 8000 Serie 5mx 
(Compaq) , pro/ Revo 
Jornada 820 {Psion) , 

(HP) , MC218 

MobilePro {Ericsson) 

880 
(NEC) 

Windows EPOC 
CE 2.11 

25 X 20 X 3 17x9x2cm 
cm 

1 - 1.3 kg 200 - 350 g 

Keyboard Keyboard 

65000 colors monochrome 
touch screen touch creen 

21 - 25 cm 12 - 14 cm 

800 X 600 480 X 160 
pixels pixels 

16MB 8 - 32 MB 

4 - 10 hours > 10 hours 

Serial, USB, Serial Port, 
Infrared, Infrared, 
PC Card, Compact-
Compact Fl., Flash 
ext . display 

PIM, PIM, 

ActiveSync, Internet 

Handwriting Browser, 

recognition, Database, 

Internet Spread heet, 

Explorer, WAP 

Office Suite (MC218 
only) 



2.2 
Sub-Notebooks 

In terms of size, weight, processing power, and functionality, sub­
notebooks or clamshells are somewhere in between a handheld de­
vice and a regular notebook. Most of a handheld computer's charac­
teristics are valid for sub-notebooks too. But they have more mem­
ory, more CPU power and they provide a reasonable screen as well. 
Additionally, they have a small keyboard, making data entry much 
easier - a significant advantage, in case a lot of text has to be typed 
in. Although sub-notebooks won't fit into pockets anymore, they are 
still highly portable and a bit lighter than full -sized notebooks. The 
main differences to regular notebooks are that the sub-notebooks 
have much less computing power, cost less and that they are in­
tended for mobile usage. Like handhelds, they have instant-power 
on, avoiding to boot an operating system first before u age. Their 
battery capacity exceeds the usage time of notebooks. Nevertheless, 
floppy and CD ROM drives are uncommon for sub-notebooks. And 
hard disks are rare. 

But being less convenient to carry around than a handheld and 
having less functionality than notebooks, makes the sub-notebook 
class not very popular for a broad audience. 

Probably the largest group of users are mobile sales forces. Sales 
representatives need to fill out contracts, orders, or lead sheets di­
rectly at the point of sale. They must have immediate access to all 
relevant data, such as customer profiles, order status or product 
catalogues. Sub-notebooks are very well suited for these kind of 
tasks: T he keyboard allows quick data entry and the display is large 
enough for product presentations. There is enough storage for local 
data repositories allowing to work offline while on travel and to 
synchronize only periodically with the company's back-end systems. 

Most sub-notebooks run either the EPOC 32 operating system 
or W indows CE. Table 2.1 compares devices of the sub-notebook 
class with handheld computers described in the previous section of 
this chapter. 

2.2. l 
Windows CE-Based Sub-Notebooks 

Major device manufacturers for Windows CE sub-notebooks are 
H P Qornada 820) and Compaq (Aero 8000) - both are using ver­
sion 2. 11 of that operating system. Version 3.0 is not yet available for 
that class of devices. In Microsoft terminology, the Windows CE 

Something 
between 
handheld and 
laptop 

Targeting 
mobile sales 
forces 
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Figure 2.7: 
Psion 5mx 

Sub-Notebook 
Device 

version 2.11 configuration for sub-notebooks is called "Handheld 
PC (H/PC)" or "Handheld PC Professional (H/PC Pro)". This 
might be a bit confusing with the terms "PocketPC" or "Palmheld 
PC" applied for handheld computers. 

Along with handheld PC devices comes a complete set of minia­
turized Microsoft office tools and the Internet Explorer. Windows 
CE handhelds feature a PC Card slot for various peripherals like 
wireless communication adapter, modems, and many more. • 

2.2.2 
EPOC-Based Sub-Notebooks 

EPOC is a versatile operating system designed for usage in various 
mobile devices. Beside sub-notebooks, it is also applied for phones. 
EPOC has been developed by the Symbian consortium, founded by 
Ericsson, Motorola, Nokia, and Psion. EPOC based sub-notebooks 
are available as MC218 from Ericsson, Oregon Scientific's OsariS, 
and Psion's 5mx Pro (Figure 2.7), Series 7, and revo. All of them are 
based on the current version of EPOC, EPOC Release 5, except for 
the OsariS, which still uses EPOC Release 4. 

Photo courtesy of Psion 

Remarkable is, that the EPOC operating system is very stable and 
users only experience crashes every few years. These devices contain a 
rich set of applications for mobile workers. Besides the PIM applica­
tions, they feature a word processor, a spreadsheet application, a web 
browser which supports Java applets, a communication suite with 
email, fax and SMS, as well as an application to backup and syn­
chronize the device with a PC. 

Data entered on an EPOC device can be exported to PC docu­
ments and imported in applications like Lotus SmartSuite, Word-
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Perfect or Microsoft Word. There is plenty of additional third-party 
software available for EPOC devices. Maps, databases, dictionaries, 
tools for internet, email, fax and SMS, financial calculators, and 
accounting applications, just to name a few of them. 

2.3 
Phones 

M odern phones create a high demand for new pervasive technolo­
gies. They have evolved from a simple person-to-person voice inter­
face to powerful network clients. Fancy computing features like tiny 
hard disk and voice recognition are condensed into a tiny shell dis­
solving the demarcation to handheld organizers. Today, address 
books, calendar, memos, and games are state of the art applications, 
which are no longer restricted to high-end phones. 

But it is more than just urfing the net with a screenphone or 
playing Tetris on a cellular phone, while waiting for a train: address 
books and calendar entries on the device are synchronized with a 
Persona] Computer. On the other side, data from server databases, 
like Enterprise Resource Planning (ERP) systems can be accessed, 
making phones valuable e-Business components. 

2.3. l 
Cellular Phones 

T he diversity of cellular phones is incredible; their functionality too: An incredible 
the endless list of features gets longer every day. There are manifold diversity 
games, fancy form factors , built-in FM radio, and even PIM func-
tionality. The operating systems used in cellular phones are quite 
manifold too. Mostly proprietary systems like RTOS from Siemens 
or GEOS from Geoworks are used. Others like EPOC are applied 
by several companies. 

One issue, cellular phones without a reasonable keyboard have to Entering text 
cope with, is how to enter text easily: Voice recognition is one 
sumptuous way. Instead of picking one of the miniaturized keys, 
commands and data can be spoken to the device. Stored phone 
numbers are dialed with one shout. 

Predictive text input is another way to leverage data entry. T9, 
which stands for "Text on 9 keys", has been adopted by numerous 
phone manufacturers. The user types in arbitrary texts with the 9 
keys of the numeric keypad of a phone. Only one keystroke per char­
acter is needed instead of the annoying multi-tap text entry. Since 
each numeric key stands for three or four letters, a software decodes 
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the sequence of pressed keys. Within a linguistic database possible 
word variations are checked until the text is no longer ambiguous. 
There are databases in more than a dozen languages available. 

The communication bearer between a mobile phone and the tele­
communication network differs strongly from country to country: 

Global System for Mobile Communication (GSM) is the ac­
cepted de facto standard for mobile wireless communication. A 
dense net of GSM base stations has been established by numerous 
telecommunication providers throughout more than 100 countries. 
Each station feeds the digital signals from cellular phones within its 
reach into the worldwide telephone network. The standard ensures 
interoperability from a technical point of view. Roaming agreements 
allow to use the phone in networks operated by other providers. T his 
approach is strongly decentralized: all information required for user 
identification and authentication as well encryption of the communi­
cation is stored on a smart card, which is plugged into every phone. ' 
The so called Subscriber Identity Module (SIM) functions as a se­
cure token. 

There are several frequencies used for GSM: 900, 1800, and 1900 
MHz. Triple Band phones support a11 frequencies, giving travelling 
users more flexibility. 

In North America and parts of Asia wireless communication pro­
viders operate networks based on several other digital standards. 
Among these, Code Division Multiple Access (CDMA) is today's 
most common one. It also allows a secure communication using an 
encoding key, which is sent along with the voice data. Time Division 
M ultiple Access (T O MA) is a comp ting standard , which works 
similar to CDM A, but has an improved bandwidth. 

2.3 .2 
Data Transmission Capabilities 

Besides the pure voice communication, there are several ways for 
tran mitting and accessing data through a wireless network. Data 
communication is used to transfer information between devices or 
between a device and an IT network, like the Internet. Especially the 
connection to the Internet gives mobile users access to a standard 
resource for information. 

• Paging is one way of sending data to a recipient. Only a notifi­
cation and a callback number is delivered. 

• GSM data is a part of the GSM communication, which can be 
used for data or fax transmission. 
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• Short Message Service (SMS) allows up to 160 characters to be 
transmitted within one me age from and to a GSM phone. 

•
1 

::, • Wireless Application Protocol (W AP) is a cross-industry stan­
dard used to deliver specially formatted content from a web 
server to phones and other wireless devices with a limited screen. 
A W AP brow er within a device enables Internet interaction for 
retrieving flight schedules, weather forecasts, driving directions, 
brokerage services, or making hotel reservations (Figure 2.8) . All 
these applications are definitely a promising opportunity espe­
cially for mobile users. 
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Data transmission using a mobile phone is becoming more and 
more important - the emerging WAP applications make this evi­
dent. But W AP is only the very beginning of new data based com­
munication technologies. Beyond SMS, Picture Messaging allows to 
send text and graphics. Multimedia Message Service adds digital 
imaging capabilities. Mobile Multimedia supports entire new con­
tent types, such as animations or video clips. 

The most important obstacle for this evolution is the speed of the 
data transmission itself: GSM Data currently allows only 9,6 kilobits 
per second, which is the bottleneck for wireless information retrieval. 
From the year 2000 on, a new enhancement to GSM, called General 
Packet Radio Service (GPRS) is available. This packet-oriented 
standard will increase the bandwidth of mobile data communication 
up to 11 5 kbps. That will already be more than the speed of today's 
ISDN wired telecommunication net . But GPRS will only be an 
intermediate solu tion. In 2003 the Universal Mobile Telecommuni­
cations System (UMTS) will be introduced as a worldwide common 

Figure 2.8: 
SomeWAP 
Applications 

Multimedia 
messaging 

GPRS and UTMS 
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standard for wireless communication. UMTS will allow 100 kbps to 
2 Mbps for data transmission! Phones based on these enhanced 
communication standards are often referred as third generation 
phones (3G). 

But communication aspects of phones are not limited to the pure 
telecommunication: 

Infrared Mobile phones usually have an infrared port to exchange data lo-
cally with another device. For example in order to "beam" an address 
book entry to someone else's phone or to interface with a calendar on 
a PC. Or a simple handheld computer could use an infrared connec­
tion to a mobile phone to establish a wireless connection for access­
ing some server. 

Bluetooth Bluetooth is a convenient approach to let multiple devices col-
laborate wireless with each other within a short distance of a few 
meters. While infrared is a one-to-one communication, Bluetooth 
establishes a local wireless radio frequency network. Phones, hand- • 
helds, and personal computer can communicate with peripherals, 
like headsets or hard disks. A typical scenario could be a handheld, 
connecting via Bluetooth to a phone, which dials up to a network. 
Using a Bluetooth connection, the downloaded data can be sent to a 
standalone memory card. 

2.3.3 
Smart Phones 

Smart phones combine a mobile phone with a handheld organizer 
into an all-in one communication system. 

Nokia One example is the Nokia Communicator 9110. The device can 
Communicator be unfolded to access a small keyboard inside. The Communicator is 

based on the GEOS operating system and features an Intel embed­
ded 386 class processor with 24 MHz. 4 MB of RAM are occupied 
by the operating system and the included applications. 2 MB is free 
for user data and another 2 MB is used for program execution. The 
monochrome display has a good resolution of 640 x 200 pixels. The 
communicator is based on dual band GSM wireless communication 
and provides fax, email, short messaging, Internet access, and Per­
sonal Information Management (PIM) applications. While PC 
connectivity via Infrared and serial port is a common feature, telnet 
and a VTlO0 emulation are an additional way of accessing data on 
servers of interest. 

Ericsson R380 Another smart phone is the Ericsson R380 (Figure 2.9) . The 
PDA functionality is similar to the Nokia. The key pad can be un­
folded to access the touch screen hidden behind. With 360 x 120 
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pixels that screen has a reasonable resolution. Dual band GSM, 
modem, and infrared port ensure connectivity, for example to syn­
chronize with a PC. The R380 is W AP enabled and based on the 
versatile EPOC operating system. 

Photo courtesy of Ericsson 

The near future smart phones of all manufacturers will take ad­
vantage of high-speed wireless communication networks like GPRS 
and UMTS. Besides the phone and organizer functionality, these 
devices will be able to exchange video and audio streams as self­
evident as today's SMS (Figure 2.10) . 

Photo courtesy of Nokia 

For instance Ericsson's future Communicator platform is a high­
end device with a handheld computer look-and-feel (Figure 2.11) . 
T his EPOC device will support the three GSM frequencies 900, 
1800, and 1900 as well as the new GPRS communication for high 
speed data transmission and Bluetooth. GPS is another feature Er­
icsson plans to include to their Communicator. 

The MultiMobile is a smart phone prototype, developed by 
Siemens and Casio. It is based on a Cassiopeia PDA and runs the 
PocketPC version of Windows CE. Besides W AP and SMS, the 
MultiMobile can play MPEG-4 video files as well as MP3 audio 
files. This device can even be used for mobile video conferencing. 

Figure 2.9: 
Ericsson Phone 
R380 

Figure 2.10: 
Nokia Design 
Study of a 
Mult imedia 
Smart Phone 
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Figure 2. 11 : 
Ericsson 

Communicator 
platform 

Figure 2.12: 
A Screen­
phone by 

Ericsson 

Photo courtesy of Ericsson 

2.3.4 
Screen phones 

Screenphones are the convergence of a phone and an Internet termi­
nal. T hey have a reasonable creen, an optional keyboard and are 
dedicated to two single tasks: phoning and accessing 'Internet con­
tent and applications. 

Photo courtesy of Ericsson 
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The main goal of screenphones is to offer simple and convenient 
usage. They provide a one-click connection to the net targeting es­
pecially non-technical users who would hesitate to install a PC on 
their own. The integrated browsers are capable of displaying multi­
media web sites and usually can execute Java applications. Screen­
phones can be used for simple information retrieval, for executing e­
commerce web applications, emailing, etc. 

The device is delivered pre-installed and ready to be plugged into 
the telephone line. The connection to the Internet is established 
through an dial -up access provider. Mostly screenphones require an 
ISDN high-bandwidth connection, some use cable modems or even 
wireless connections. Usually a smart card reader is built-in, allowing 
secure financial transactions like home banking or e-commerce pay­
ments. Figure 2.12 shows a screenphone from Ericsson. 

2.4 
Further Readings 

AvantGo 

http://www.avantgo.com/frontdoor/index.html 

Information about the AvantGo portfolio on different operating 
systems. 

Ericsson 

http:/ /mobile.ericsson.com 

The homepage of Ericsson's mobile phone activities. 

Ericsson Mobile Phone R320 

This white paper [ERI00] describes the features and functionality 
of the R320 smart phone from Ericsson. It includes the W AP con­
figuration and a detailed glossary with mobile telephony related 
terms. 

H andspring 

http:/ /www.handspring.com 

Handspring shows the Visor Palm OS devices and some inter­
esting add-on hard- and software. 
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Motorola 

http://commerce.motorola.com/ consumer 

Motorola's consumer products. 

Multimedia Messaging 

http://www.nokia.com/press/background/index.html 

A white paper from Nokia [NOK00] describing how SMS 
evolves to mobile multimedia. 

Nokia 

http:/ /www.nokia.com 

The homepage of Nokia. 

Palm Central 

http:/ /www.palmcentral.com 

Plenty of software to download for Pklm OS devices. 

Palm Computing 

http:/ /www.palm.com 

Information and downloads for Palm OS computing devices. 

) 

PalmZone 

http:/ /www.palmzone.com 

Online Magazine covering Palm OS related topics. 

ProxiNet 

http:/ /www.proxinet.com 

The place where users can subscribe to the ProxiNet transcoding 
services for Palm. 
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Psion 

http://www.psion.com 

Psion provides the largest variety of EPOC powered devices. 
Their web site provides information about Psion devices, support, 
and free download of various utilities. 

Review and Forecast of the Worldwide Information Appli­
ance Market 

http:/ iwww.idc.com 

An IDC [IDC00] market analysis and forecast about the usage of 
Internet connected devices, such as PDAs, games, TV, and screen­
phones. 

Symbol 

http://www.symbol.com/products/ mobile computers/mobile com 
outers.html 

Symbol's mobile devices with laser beam scanning capabilities. 

WAP Development 

http:/ /www.forum.nokia.com/wap developer 

Information about W AP development based on Nokia W AP 
phones. 

W indows CE PocketPC 

http://www.microsoft.com/pocketpc 

The starting point when searching for Pocket PC information. 

W indows CE Mobile Devices 

http:/ /www.microsoft.com/mobile 

An overview of Windows CE devices. This site includes reviews, 
features, and comparisons of handheld and PocketPC devices. There 
are also developer and enterprise resources. 
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Qualcomm 

http://www.gualcomm.com 

The homepage of Qualcomm includes technology and products 
for wireless communications. 

ZDNet 

http:/ /hotfiles.zdnet.com 

Shareware and freeware for Palm OS and Windows CE. 
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14 Gateways 

Pervasive Computing is dominated by a variety of non-IP network 
protocols, which are either proprietary or specific to a particular in­
dustry. As soon as devices want to access the Internet or other com­

puter networks a protocol conversion is r quired. This task is done 
by a connectivity gateway. Gateways are the point of entry into a 
server network. They isolate the individual communication channels 
and their specific requirements from the rest of the back-end sys­
tems. Gateways, like a WAP Gateway or a Palm Webclipping Proxy 

Server convert TCP/IP to protocols optimized for wireless data 
transmission. 

Besides protocol conversion, content can also be adjusted for spe­

cific classes of devices. Using appropriate transcoding gateways, a web 
application server can deliver content in various formats to different 
types of clients. The ProxiWare Server is one example for this type 

of gateway, which will be covered later in this chapter. 
Gateways can either be part of the back-end system or they can 

belong to an user's personal setup. The first possibility could be a 
gateway which is installed by a service provider offering wireless 

access to his customers. 
The second possibility covers workstations or other systems taking 

the role of a gateway between device and the Internet. Local gate­
ways can act as a focal point for personal application management 
and integration of manifold subordinated devices. One example is 
the classical PC to which a handheld companion connects. Another 

example is a residential gateway acting as a local interface between 
appliances connected to an in-home network and the external net­
work, like the Internet. The residential gateway can dispatch external 
services entering a home network to the connected devices. Or it can 
route wireless appliances within an office to a high bandwidth Inter­

net line. 
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14. l 
Connectivity Gateway 

This section covers three examples of connectivity gateways: the 
Palm Webclipping Proxy Server, a WAP gateway, and the Secure­
Way Wir less Gateway. 

14. l. l 
Palm Webclipping Proxy Server 

The developers of the Palm VII handheld computer decided not to 
use regular web browsing for wireless Internet access: Initially the 
Internet was not designed for sma11 devices. To achieve a better per­
formance they introduced web clipping. Inslead of using a generic 
Internet browser, web clipping needs a corresponding standalone 
client application for each particular web site. T his application im­
plements the required browsing capability and has to be downloaded 
and stored locally on the device first. It holds the hard coded request 
forms for each query to the corre ponding web page. Web site devel­
opers need to develop and deploy uch a query component comple­
mentary to the regular HTML files. Web clipping uses HTML 
version 3.2 with some extensions and limitations. For example, there 
are special tags to identify a device. Applets, Java Script, frames, and 
cookies are not supported. Only simple queries and no complex 
hyperlinks to other web clipping sites are possible. The HTML files 
are converted into a binary format, which can be rendered on the 
Palm VII device. That technology minimizes storage requirements 
and the amount of data transferred. The benefits are lower transac­
tion costs and longer battery life. 

Palm.Net All Palm VII communication goes through a proprietary connec-
Data Center tivity gateway, the Palm Webclipping Proxy Server. T hat proxy 

server is part of the Palm.Net data center, which provides wireless 
Internet access to Palm VII users (Figure 14.1). 

The communication between a Palm device and the gateway is 
based on the UDP protocol, which allows one packet to be sent as a 
request to the server and multiple packets to be replied. The data is 
compressed and encrypted to be optimized for wireless transmission 
with low bandwidth and latency. When a Palm VII sends an UDP 
query to Palm.Net, the gateway translates that query to a standard 
Internet request and forwards it to the corresponding web server. 
The server returns a response, which can be displayed on the Palm 
VII browser. 
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Frequency agility, network authentication, and the Certicom el­

liptic curve cryptographic algorithm are used to establish a secure 

connection between the Palm VII and the Palm.Net Data Center. 

The connection from the Palm.Net data center to an Internet server 

can be protected with SSL using a 40 or 128 bit key. The Palm.Net 

Data Center itself is protected by firewalls . 
Bearer for the Palm VII wireless communication is Bell South's 

Mobitex Network. It only operates within the US and uses the 900 

MHz frequency. Every Palm VII device has a built-in radio fre­

quency transceiver with an unique Mobitex access number. A direct 

line to Palm.Net Data center is configured. 
One obstacle of the applied communication technology is that the 

radio frequency bearer allows only about 8 kilobytes per second for 

data transmission. This limits the amount of information, which can 

be exchanged in a reasonable response time. About 50 bytes for the 

query and 500 bytes for the response are the recommended sizing. 

Although the Palm VII device only accesses the Mobitex network 

from Bell South, the architecture is basically open for devices based 

on other network technologies and providers. 

WCA Viewer 

14.1.2 
WAPGateway 

Palm Webclipping 
Proxy Server 

HTML 
<• hro( 
• "app. htal.•> 

WCA /"nrni, St.rt</ <> 

Binary Format~I ~.:.;,r> 

In order to connect W AP phones to the Internet the standard 

HTTP Internet protocol u ed by web servers must be converted into 

W AP's Wireless Session Protocol (WSP). As described in Chapter 

Mobitex 
Wireless 
Network 

Figure 14.1 : 
The Palm.Net 
Data Center 
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11, this task is done by a W AP gateway. Additionally the content, 
which must be provide in the Wireless Markup Language (WML) 
format is translated into a binary content representation (WBXML) 
to optimize transmission. 

Besides content and protocol transformation, the server initiated 
client notification needs to be supported, which was introduced with 
WAP 1.2. T his "push"-mechanism is a bit circumstantial, since 
normal HTTP servers can only respond to reque ts received from 
clients. The initiator of a push acts as a HTTP client of the W AP 
Gateway, which takes the role of a Web server, referred to as Push 
Proxy Gateway (PPG). The PPG forwards the push notification to 
the WAP client over WSP. Each push message con ists of two 
components: the content to be pushed to the W AP client and a 
conlrol entity, which holds information, like the message expiration 
date. 

Since W AP is an open standard and independent from a pecific 
telecommunication network any gateway should work with any 
W AP compliant phone. 

Nokia WAP Among the available commercial gateway products is Nokia 's 
Server WAP Server. Connection from W AP clients to the gateway can 

base on the bearers Short Message Text (SMS) and Circuit 
Switched Data (CSD). It is possible to implement other protocols 
than HTTP on the server side, for instance, when legacy systems 
need to be supported. An application programming interface (API) 
enables a service provider to develop particular stand-alone applica­
tions, like servlets, directly on top of the gateway. Additional back­
end server systems can be omitted this way. 

Figure 14.2: 
WAPGateway 
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Burkhardt, Jochen 
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14.2 
Wireless Gateway 

The IBM Secure Way Wireless Gateway tunnels the IP protocol Gateway 

through a diver e set of wireless and wireline networks. Applications 

on client systems can communicate with enterprise networks based 

on TCP/IP, although this protocol is actually not supported by the 

communication bearer. Any application developed for the standard 

TCP/IP interface, will run on top of SecureWay Wireless without 

modifications. 
The Secure Way Wirele.s:5 Client is the counterpart of the gateway Client 

and must be installed on the user's client system. A user interface 

allows to initiate the communication to the gateway. The mobile 

user can select the network type, which meets best his current needs, 

without making any changes to the installed applications. 
In order to setup the network transparent to the application, dif­

ferent network characteristics are encapsulated by Secure Way Wire­

less. On the client side, all network specific details are hidden be­

neath the common TCP/IP interface layer. SecureWay Wireless 

works like an additional network device driver. It intercepts the 

TCP /IP communication and routes the data traffic over the chosen 

non-IP networks. Inside the gateway, Mobile Network Interfaces 

(MNI) expose the access to a particular network type. 
The list of supported network protocols include: 

• Public and private Packet networks (CDPD, DataTAC, GPRS, 

and Mobitex). 
• Analog and digital cellular networks (GSM, CDMA, TDMA, 

and AMPS). 
• Satellite networks (N orcom). 
• Wireline (Cable modem, DSL, PSTN, ISDN, and Dial-up 

ISP). 
• LAN connections (Ethernet, Token Ring, and wireless LAN) . 

Besides the simple IP-based communication between client and Efficient 

gateway, SecureWay Wireless optimizes the network traffic using 

data compression mechanisms. Increasing efficiency is extremely 

important for low speed wireless networks. The benefits of less data 

traffic are better response times and often lower network fees . Addi-

tionally, an idle connection can be disconnected automatically and 

will resume as soon as communication continues. The user will not 

notice that interrupt (short-hold mode) . 
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Secure For reliable data privacy, all data transmitted through public net-

Figure 14.3: 
Secure Way 

Wireless 
Gateway 

Why 
transcoding? 

works from the client device to the gateway can be encrypted with 
RSA. Two way client/gateway authentication mechanisms prevent 
unwanted access. 

Besides gateway and client, IBM provides the Secure Way Wireless 
Gatekeeper. This tool enables system administrators to configure 
multiple wireless and dial-up network, and define users, resources, 
and access rights. LDAP is used to store user profiles and network 
management data. 

WebExpress is an enhancement for HTTP communication 
through SecureWay Wireless. WebExpress features HTTP header 
reduction, as well as HTML data stream compression and content 
caching. 

Clients 

TCP/IP Secureway 
Applications Wireless 

Client 

14.3 
Transcoding 

Gateway 

Transcoding is a content adaptation technology, which tailors in­
formation for a specific device by transforming its format and repre­
sentation. Multimedia data as it can be found on Web pages, is fil­
tered, converted, and reformatted, until it matches the capabilities of 
the di playing device. 

The purpose is obvious: When providers deliver content to vari­
ous pervasive clients, they need to accommodate device specific con­
straints such as limited memory, slow data transmission, and small 
screens. Transcoding automatically translates content into different 
representations for each class of receiving client systems. This sim­
plifies authoring, deployment, and maintenance dramatically! An 
arbitrary multimedia web page can be provided to Internet TVs, 
handhelds, and W AP phones without change. It is even possible to 
adapt content from legacy system into a standardized Internet rep-
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resentation, or transcode Web pages to the proprietary format of a 

specific client device. 
Besides adapting content according to particular device capabili­

ties, another aspect of transcoding gains importance: information is 

personalized for a particular user, depending on his preferences and 

organizational policies. For instance, content of interest can be 

transcoded into individual user interface styles or a preferred lan­

guage. 
Transcoding is typically done by a gateway or proxy, which inter­

cepts the data exchange between the content server providing mul­

timedia data and the client rendering the received information (Fig­

ure 14.4). The transcoding proxy analyses the content and identifies 

the included media objects. In order to determine graphical naviga­

tion buttons, images, and related textual content, the semantics of 

each object is examined. According to defined preferences, appropri­

ate methods for content manipulation are invoked. Preferences can 

be device capabilities, user profiles, communication bandwidth, and 

others. They indicate what kind of information has to be transcoded 

in which way. 

' . 
' . 
' . 
' ----~ ' 

Publisher Preferences Policy 
Engine 

Client Preferences 

Content 
Analysis 

Content Server 

Content 
Selection 

Transcoding Proxy 

Video 
Image 
Text 
Audio 

Client Device 

This content adaptation comprises two dimensions: 

• Modality. 
Multimedia includes video clips, images, text and audio data in 

manifold formats. Since not all of these modalities are uitable 

for all devices, transcoding translates data according to the tar­

geted devices needs. 
• Fidelity. 

Reducing the fidelity of information is another approach to 

reach even small devices with multimedia information. Com­

pressing and filtering are techniques applied in this context. 

Transcoding 
Proxy 

Figure 14.4: 
Internet 
Content 
Transcoder 

Modality and 
fidelity 
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Content 
manipulation 

methods 

The following list shows several common methods for content 
manipulation: 

• Conversion of images to hyperlinks, allowing the user to retrieve 
them separately only when explicitly needed. 

• Compression and reduction of scale and color level of images. 
• Substitution and removal of images. 
• Conversion from one image format to another. 
• Translation of XML documents according to a given style sheet. 
• Video skimming. 
• Video-to-image conversion. 
• Text-to-speech conversion and speech recognition. 
• Text summarization from detailed text to headlines. 
• Text reformatting from tables to simple lists. 
• Language translation. 

14.3. l 
lnfoPyramid Framework 

An implementation of transcoding technology is the IBM InfoPy­
ramid Framework. This framework allows to manage media objects 
with different modalities and fidelities. Media objects can be either 
stored in different representations or be created on-the-fly in order 
to meet the capabilities of a requesting device. 

Media objects correspond to cells in an "JnfoPyramid' (Figure 
14.5). Within the pyramid , the fidelity of information representation 
decreases from bottom to ·top. The lower cells refer to detailed in­
formation, such as high-resolution images or comprehensive texts. 
The upper t ells correspond to strongly compacted information, such 
as simplified images or summarized text. When moving horizontally 
within the pyramid, the modality changes. For in tance text-to­
speech conversion changes a text based representation to audio. 

Transcoders The framework includes methods to manipulate media objects. 
These are referred to as transcoders and are distinguished between 
translators and summarizers. Translators convert modality, while 
summarizers change fidelity. The framework i extensible and allows 
to add new transcoders using a provided developer toolkit. It is also 
possible to define additional modalities, such as different languages 
of text. 

The framework has been implemented as a stand-alone proxy 
server as well as a servlet. The proxy erver intercepts HTTP requests 

322 ■ 14 Gateways 
■ 

■ 



and responses between the user and any selected Web server. The 

servlet version runs directly on a particular \tVeb application server. 

14.3.2 
ProxiNet Transcoding Gateway 

ProxiNet's transcoding technology is based on the ProxiWeb browser 

for client devices and the ProxiWare gateway. Any selected web site 

is retrieved, transformed, and delivered in a very compact represen­

tation to the client's ProxiWeb browser. ProxiWeb is an ultra-thin 

browser for Palm OS and comprises only about 120 kilobytes. When 

the device is connected to an Internet provider, the browser gives 

immediate Web access. Downloaded sites are kept within a cache 

and can be viewed offline at a later time again. 

14.4 
Residential Gateway 

The residential gateway is a computer that acts as a central bridge 

between the outside world and the networked devices in the home. 

Figure 14.6 shows a residential gateway with several connectivity 

options in a home. There are two major aspects to the residential 

gateway. 

Figure 14.5: 
IBM's 
lnfoPyramid 
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Figure 14.6: 
Home Networks 
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On one hand, the residential gateway integrates "traditional" 
communication media - telephone and cable TV - into the home 
audio-visual system. Through a caller ID function such a system 
could, for example, announce a caller's identity through the home 
audio system. The resident could then decide whether or not to get 
out of his Jacuzzi to pick up the phone. 

Cellular~ 
Network /J. 

Cable 
Telephone ---­
l>ow'"l Lfr.,..__ ......... .,_ 

On the other hand, work is carried out to define the gateway as a 
bridge between the home and the Internet. Valid services should be 
able to access the home systems. For example, the refrigerator repair 
center should be able to access the appliance in the home for diag­
nostic purposes. However, unauthorized access mu t be blocked - it 
must not be possible for unauthorized persons to determine infor­
mation about the residents. 

14.5 
Further Readings 

IBM Transcoding Solution 

http://www.research.ibm.com/networked data systems/ 
transcoding 

This site includes documents and publications related to 
transcoding. An online demonstration transcodes arbitrary web 
page , which can be selected by entering their URL. 
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IBM Networked Home 

http:/ /www.ibm.com/pvc/nethome 

This web page includes a scenario of a networked home environ­
ment. 

Information Delivery Infrastructure in the Mobile, Wire­
less Age 

http:/ /www.proxinet.com/technology 

This white paper covers the ProxiNet transcoding approach as 
well as a generic analysis of different technologies to deliver content 
to small devices [FOX99]. 

Nokia WAP Gateway 

http:/ /www.nokia.com/ corporate/wap/wap server 1 I .html 

The technical features of the Nokia WAP gateway can be ac­
cessed through this link. 

Palm VII Wireless Internet Access 

http://www.palm.com/pr/palmvii/7whitepaper.pdf 

This white paper explains Palm's approach to provide wireless 
network acces through the Palm.Net gateway [P ALMVII]. 

Panja Home Systems 

http:/ /www.panja.com 

This site features a photo tour through a networked home instal­
lation. 

Point Clark 

http:/ /www.pointclark.net 

A commercial provider for residential gateway software and serv­
ices. 
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ProxiNet 

http:/ /www.proxinet.com 

The place where users can subscribe to the ProxiNet transcoding 
services for Palm devices. 

Residential Area Highway Project 

it ://hoe aarden.ec.ele.tue.nl 

This page includes interesting Links to tandardization activities, 
locuments. and prqjects r lated to in-house n twul'k ' and r -sidential 

gateways. 

SecureWa Wireless 

http://www.lbm.com/software/ network/mobile 

Information about IBM's Secure Way Wireless product. 
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Pervasive Computing 
This book is a guide for the world of PeMsive Computing. It 
describes a new class of computing devices which are becoming 
omnipresent in everday life. They make infonnation access and 
processing easily available for everyone from anywhere at any 
time. Mobility, wireless connectivity,civfflity,and ease-of-use 
are the magic keywords of Pervasive Computing.Devices in­
clude handheld computers,mobile phones, interactive televi-
• art cards, household appliances as well as lntelbgent 

The book covers these front-end de­
:systems and the back-end Infra• 
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here. •Nod Poatt.,Htad of SoftWoieT~ 
Psion Computm pfc 
1'ervasive computing IS theextemlon tf appl(, 
cations and semces too vatftty.of~ln­
duding mobile phones, PDA$ ~'!fgttiif. 
assistants), vehicles, home DPfil~Nqjld, 
and med/cal and s«urttydevlces.liprovtdfitnF 
mediate ocms to lrfonnatlon andmms«tions, 
offering great conWlll/fn(.f tomoblleAISl!IS of. 
these services. Tht aH1'1Q11its tliattmbtiK2 
these technologffsrodaywllf!!lna ~ 
advantageoM"thosttWIO watttoseehtlW,• 
market dtvelops.. Jonathan L;l'rk(DlnPli:tif.; 
MarketingandS~ IBM PerwlslN OHt►. 
putlng Division 




