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TAKING 3G MOBILITY GLOBAL VIA SATELLITE
INMARSAT

Inmarsat satellites now offer simultaneous voice and near half-megabit-
per-second data services on land, at sea and in the air, virtually anywhere at 
reasonable cost.  The system that delivers this capability to satellite access 
terminals the size of laptops is known as Broadband Global Area Network (BGAN).

INNOVATION
The innovation was to see, in 
1998, that synergies among 
three emergent technologies 
– 3G, digital signal processing, 
and space-radiation-hardened 
VLSI ASICs – would enable 
delivery of 3G coverage 
globally, if the significant 
engineering challenges 
involved in making them work 
together could be overcome. 

The Inmarsat team decided 
that broadband data services, 
especially email and the 
internet, were about to become 
an essential part of mobile 
communication and that its 
new system needed to support 
them.  It chose 3G technology 
to achieve this, a year before 
the standard was approved and 
at least three years before the 
first commercial use.  The team 
could capitalise on £700 million 
of non-recurring engineering 
costs if a standard 3G core 
network could be used.  This 
relied on finding a way to 
make the radio access network 
operate with base stations 
35,600 km above the Earth’s 
surface, instead of being just 
a few kilometres away as in a 
typical cellular network. 

This required a 
breakthrough in spectrum 
efficiency and radiated power.  
To conserve spectrum and 

increase power, the team 
turned to digital signal 
processing, specifically 16 QAM 
modulation, turbocoding, 
digital beam forming and 
digital channelisation.  The 
sophistication of these schemes 
meant that the processing 
power in space needed to be 
dramatically enlarged.  Inmarsat 
worked with the UK arm of 
Astrium to develop digital 
signal processors employing 
radiation-hardened, 0.5-micron-
gate ASICs.  When coupled 
with the power-expanding 
capabilities of equally 
innovative antenna and feed 
technology, this enabled the 
satellites to achieve a 60-fold 
increase in radiated power, 
and a 15-fold increase in 
channelisation.

By the end of 2009, 
more than 40,000 BGAN 
terminals were active around 
the world, with at least 15 
different designs in categories 
including hand portable, 
land vehicular, maritime 
(branded FleetBroadband) 
and aeronautical (branded 
SwiftBroadband).

COMMUNITY 
BENEFIT
On 20 January 2010, at the 
height of the earthquake 
recovery effort in Haiti, a total 

of 472 BGAN terminals were 
in service.  At one point, 137 
terminals, supporting many 
more individual users, were 
sending and receiving data. 
During the course of the 
day, the beam was used for 
a total of 36,054 minutes of 
communication, with gigabytes 
of information transferred – a 
vivid demonstration of BGAN’s 
benefit to the worldwide 
community. 

The possibilities enabled 
by BGAN’s remote working 

capabilities are obvious and 
growing.  The benefits of 
communications mobility 
increase as price and size fall. In 
1975, the earliest mobile satellite 
phone terminal cost £50,000 
and was a little smaller than a 
Mini car.  By 1995, a terminal 
had shrunk to the size of a 
large briefcase, cost £9,000 and 
offered the choice of voice or 
ISDN.  Today, a terminal is the 
size of a laptop, costs £1,200 and 
serves the voice and data needs 
of a ten-person remote office. 

The marinised variant of BGAN, FleetBroadband, was used in the round-the-
world Volvo Ocean Race to provide live onboard video, email and internet 
access and essential safety communications © Volvo Ocean Race
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GAME ON
The UK video games industry is renowned for its 
innovation and stands at the forefront of 3D gaming 
and real-time photo-realistic graphics. Ingenia spoke 
to, amongst others, David Braben, founder of Frontier 
Developments, and Andrew Oliver, co-founder and 
co-owner of Blitz Games Studios, about gaming 
developments in the UK.

The success of the British software industry is 
no short-lived phenomenon – over the past 
20 years the industry has gone from strength 
to strength.  Throughout the recession, it has 
been growing by over 20% year-on-year, and 
the UK is currently the world’s fourth biggest 
producer of video games. 

According to its trade association, TIGA, 
the UK games industry contributes more 
than £1 billion to the UK’s GDP. It employs 
over 22,000 people – in development, 

EMERGING TECHNOLOGY

Concept artists create new character designs for a video game using graphics tablets that allow them to illustrate straight into a PC © Blitz Games Studios
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distribution, retail, printing and other 
support areas, making it the largest software 
employment field in Europe.  The industry 
is seen as so important to the country’s 
economy that, in the March 2010 budget, UK 
Chancellor of the Exchequer, Alistair Darling, 
promised support for the sector in the form 
of tax relief, mirroring similar arrangements 
in Canada and France. 

BEDROOM TO BLOCKBUSTER
The success of the UK games industry  
has its roots in the 1980s when the 
proliferation of home computers gave 
hobbyist programmers the opportunity  
to develop their own games.  Many of 
the most popular games of the time were 
developed in teenagers’ bedrooms and their 
developers are still important names in the 
video games industry today.

Early home computers posed considerable 
challenges because of their limited processing 

may be employed for years to produce 
games with budgets of millions of pounds 
and profits to match. 

Grand Theft Auto IV, for example,  
which was released in 2008, took over  
1,000 people more than three and a  
half years to complete, with a total  
cost estimated at approximately  
US$100 million, making it the most 
expensive game ever developed when it 
was released.  By January 2010, the game  
had sold over 15 million copies.

ACHIEVING PHOTO-REALISM
An important feature of such ‘blockbuster’ 
games is photo-realism, where the 
computer-generated images in a video 
game look real, and this is a particular 
strength of the UK gaming industry.

Images in video games are made up of 
polygons – essentially triangles.  These are 
defined by a series of geometric coordinates 
that enable each polygon to be moved and 
interacted with during the game.  In general, 
the more polygons used to make up an 

In the game Karaoke Revolution developed by Blitz Games, a player is depicted as a character on-screen performing at a public venue. The words to the song 
scroll the bottom of the screen, above which is a representation of the relative pitches at which they are to be sung. The green glow shows the pitch which the 
player is singing and provides feedback on whether they’re hitting the notes.  A ‘crowd meter’ also shows the mood of the crowd as the player sings; if they do  
a good job of hitting notes on-pitch then the crowd will cheer more loudly and clap in rhythm with the song, and the scene will become more vividly animated.  
If the crowd meter falls all the way to the lowest rating, the audience will boo the character off-stage and the game is over © 2009 Konami Digital Entertainment

GAME ON EMERGING TECHNOLOGY

An American face-scanning sphere.  US actress Emily O’Brien being digitally ‘cloned’ in the University of South California’s Light Stage 5 device at the Institute for 
Creative Technology.  The image-capture company renders realistic faces used in feature films and video games.  The camera used 156 white LED lights to capture 
hundreds of images of her face at one time © Image Metrics and University of Southern California’s Institute of Creative Technologies

power and memory.  Games programmers 
had to be highly creative to pack as many 
useful instructions as possible into the small 
amount of memory available.

Many early games were written in 
assembly code – the low-level language 
used by computer manufacturers for 
programming the integrated circuits  
within a computer – to optimise the use 
of the computer’s processor.  The exciting 
challenge for programmers at the time was 
to use as few instructions as possible to 
enable each action within the game.   
This meant employing a whole range of 
tricks and compromises such as limiting  
the use of colour and simplifying the way  
that objects and characters were drawn.   
In the well-known game Pac-Man, for 
example, the character of Pac-Man is 
animated.  However, the animation is as 
simple as possible, with just two frames – 
open mouth and closed mouth.

Early games, which were often developed 
and sold by a few ‘bedroom’ programmers, 
were very different from modern video 
games.  Processing power and memory 
have advanced hugely over the years 
so that programmers no longer need to 
resort to assembly code to create workable 
games.  There have also been considerable 
developments in sound, graphics and ways 
for users to interact with games.  Users have 
come to expect three-dimensional, often 
photo-realistic, images in their games.  They 
also expect detailed storylines and the ability 
to play the games with multiple players as 
well as online gaming. 

These developments mean that 
major new games are now more akin to 
Hollywood movies, with many starting 
to command comparable budgets and 
lengthy production times.  Hundreds 
of programmers, designers, modellers, 
animators, story developers and artists  

object or character, the finer the detail but 
the more data to be handled for each object 
or character (see box Polygons).

Achieving photo-reality with objects 
such as buildings and street furniture 
requires all the polygons within images to 
include features such as shading, texture, 
lighting and shadows.  Photo-realism is more 
difficult to achieve with moving objects than 
with static ones.  As vehicles, for example, 
move and distort, their shadows and any 
reflections from other objects also change.  
They have to move in response to user input, 
so they have to be rendered in real time.  
Improvements in lighting of objects and 
figures in games have aided this progression 
(see box Perfecting lighting). 

Realistic lighting is enough of a challenge 
with man-made objects like cars and 

Processing power and memory have advanced hugely over 
the years so that programmers no longer need to resort to 
assembly code to create workable games. 
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Instead, a set of standard sounds and 
nuances are animated for each character 
and then combined in appropriate ways for 
each sentence.  On top of that, an animated 
character might blink mid sentence and 
throw his head back at the end of a speech, 
in a similar way to the television-show judge 
that the animated character is mimicking.

This technology is still at an early stage, 
but in the future a universal library of facial 
expressions and tics could help videogame 
developers.  In addition, future generations 
of gaming platforms should enable faster, 
better rendering.  When that happens, 
people will perhaps be persuaded that 
they’re watching someone being filmed  
with a video camera rather than 
programmed onto a computer. 

3D ExPERIENCE
Another area of video gaming in which the 
UK is strong is 3D.  An early example of this 
was Elite, a game developed in 1984 on the 
BBC Micro by two Cambridge University 
undergraduates, David Braben and Ian Bell.  
This 3D space-trading simulator is often listed 
among the most popular computer games 
of all time and was considered a landmark in 
computer games, giving players a vast, open-
ended game world in which to pursue a self-
determined quest for the elusive ‘elite’. 

The concept of polygons is central to 
3D games. Changing the size, proportion 
and orientation of each polygon gives the 
impression of depth, 3D movement and 
distance from the object.  On top of this, 
there are tricks such as using a scattering of 
semi-transparent polygons to give a good 
impression of smoke within a video game 
on a conventional display.

However, the emergence of a range 
of 3D televisions is challenging this.  Once 
the player views traditional games on a 3D 
television they can immediately see the 
polygons that make up the smoke or fire, 
for example.  This means that programmers 
need to add volume to these effects, which 
increases the processing power required.

Another challenge with 3D televisions 
is the need to render each frame of the 
videogame twice – once for the left eye and 
once for the right – in order to create the 
illusion of 3D.  Today’s 2D games usually run 
at 30 frames per second (fps) on a 720-pixel 
display.  However, a 3D game must run at 
60fps (30fps per eye). If it drops below this 
a game will begin to look stilted and will 
lose the 3D illusion.  Games often need to 
be able to run on high-definition (1080-
pixel) televisions, which further increases the 
processing demands on the platforms.

The vast majority of 3D objects created for computer games are made up of ‘polygons’, 
which are shapes (often triangles) defined by a set of coordinates.  The coordinates of 
all the polygons are stored in the computer’s graphics card and can be manipulated 
depending on how the object is intended to be viewed in a game and how far away it 
is supposed to be.

The simple house in the diagrams below is made up of 14 pixels (four each for 
the front and back and three for each of the sides).  As a character moves around 
the house, different polygons become visible.  From directly overhead, only the four 
polygons that make up the roof are visible.  Within the game, the polygons that make 
up the house can fill the screen (if it is close to the action) or only take a small amount 
of space if the house is a long way from the action.

The polygons within a game are then painted and lit to show not just the 3D shape 
of the object but also how it is intended to look.  When images are loaded from the 
graphics card in games the polygons are painted from the farthest ones away to the 
nearest ones so that the player only sees the ones that they are meant to see.

Advances in computing power have enabled more detail to be added to 3D 
images through increased numbers of polygons.  The original PlayStation console, 
which was released in 1994, would draw a character using around 500 polygons, only 
taking up 30-40kb of computer memory.  With the PlayStation 2 (PS2), launched in 
2000, characters required up to 10,000 polygons.  And by the time the PS3 came along 
in 2006, a character could consist of anything from 50,000 to 100,000 polygons, and 
between 5Mb and 10Mb in size.

Each increase makes the characters in the games more realistic but also generates 
far more data that must be processed within the game. 

POLYGONS
helicopters that have fairly uniform surfaces 
but becomes even more complicated with 
living creatures.  People and animals reflect 
light in complex ways and exhibit hundreds 
of subtle movements and expressions that 
we take for granted.

One way to overcome this hurdle is to 
use scanning techniques to gather real-life 
information.  In computer-generated movies, 
for example, computer-generated-animation 
specialists use a face-scanning sphere that 
captures the general features and shape of 
the face as well as the fine details.

This sphere contains more than 100 white 
LEDs and these help photograph the face 
in a wide variety of lighting conditions.  By 
using all the LEDs, developers can create a 
scan of the face lit from all directions.  Linear 
polariser films are placed over the LEDs, fixed 
in particular patterns and orientations.  These 
allow the designers to measure and correct 
the different ways that the face reflects light 
and so build up an image that represents the 
skin’s natural shine. 

The skin tones and eyes of computer 
characters in many of the latest games 
have now achieved many elements of 
realism.  The newer, more powerful gaming 
platforms such as the PlayStation 3 and the 
Xbox 360 enable more complex shading and 
lighting of polygons than their predecessors 
and developers are now able to work on 
fine details such as hair and fur.  However, 
computer-generated characters often still 
exhibit the ‘Uncanny Valley’ effect, a phrase 
coined by roboticist Mashario Mori in the 
1970s to describe the effect when engineers 
have created a virtual or robotic person 
that looks almost real, but generates an 
uncomfortable response in the viewer.

Animating faces during speech is 
especially difficult. In American Idol, a karaoke 
video game from Blitz Games, for example, 
the judges have around 1,000 possible lines 
of dialogue.  It would not be possible to 
animate realistically the judges’ faces for 
each of these sentences separately within 
the memory capacity of the games consoles.  

The opening screen of the Acorn Electron version 
of the  Elite video game showing a spinning Cobra 
ship © Frontier

IMPROVING  
GRAPHICAL EFFECTS
Developments in 3D technology and 
photo-realism are important to video games 
developers because users expect video 
games to be on a par with the computer-
generated imagery (CGI) of big-screen epic 
movies such as Avatar.  However, there is a 
significant difference between CGI films and 
video games. 

Movie makers’ computers can take hours 
to render a few minutes of images overnight.  
In contrast, video games are rendered in 
real-time; each time someone plays a game 
they do so in a different, unique way.  Video 
games must respond straight away to user 
input from all the players.  In addition, if the 
game is being played online, it must collate 
information over a computer network.  This 
means that, as well as the challenges of 
3D and photo-realism, games need the 
power to process the large amounts of data 
involved very quickly. 

There are some ways to deal with this 
challenge.  The BlitzTech videogame engine 
developed by Blitz Games Studios in the 
UK, for example, allows developers to 
process data via multiple processor cores 
within their company’s server.   This method 
of carrying out software tasks in parallel 
speeds up the data processing. 
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David Braben co-wrote Elite – often cited as one of the world’s top games – in the 
early 1980s, going on to write a string of successful games, culminating in founding 
Frontier Developments in 1993.  Based in Cambridge, it is one of the world’s largest 
independent developers.

Andrew Oliver is co-founder and co-owner of Blitz Games Studios based in Leamington 
Spa.  He began back in the 1980s as a bedroom coder, working with his twin brother to 
write many popular games including the successful Dizzy Series. He is now responsible 
for all aspects of the company’s cutting edge technology including the 3D gaming.

Keri Allan and Siân Harris researched and wrote this article with help from Chris Coulter and 
Matthew Rosenfeld. Ingenia would like to thank David Braben and Andrew Oliver for sharing  
their expertise.

Many UK videogame creations have become well-known across the globe. Tomb Raider’s Lara Croft was ‘born’ in Derby for example, and in May 2010 an inner 
ring road in the town was named after her. The Grand Theft Auto series, which has become a huge global success, began life in Dundee. The LEGO games such as 
LEGO Star Wars and LEGO Batman were developed by UK-based TT Games (now a subsidiary of Warner Bros) © Derby Telegraph Media Group

This engine, which for example underpinned 
Sega’s House of the Dead game as well as 
many of Blitz’s own products, also gives 
developers the flexibility to design games as 
they play them.  This gives the power back 
to the artists, enabling them to improve 
how a game looks graphically.  Video game 
developers believe that engines such as this 
can now create games that look as good as 
computer-generated movies, all in real-time.

GAMING FUTURE
Such efforts to optimise and improve the 
performance of today’s games should 
bear fruit when the next generation of 
gaming platforms are released.  Already, 
developers are seeing that their work 
to ensure that games look as good and 
work as well as possible on the lower-end 
Nintendo Wii is having knock-on benefits 
for the performance of the same games on 
the more powerful gaming consoles, the 
PlayStation 3 and the Xbox 360. 

Many of the big developments in 
gaming are also benefiting other sectors.  

For example, the open-source 3D graphics 
rendering engine OGRE is being used from 
virtual museum exhibits to naval simulators, 
as well as in video games.  Architecture 
and design have benefited from real-time 
development tools too. 

The medical arena has seen 3D 
imaging capabilities improve thanks to the 
processing power of graphics processing 
units developed for gaming PCs.  The 
BlitzTech videogame engine, for example, 

underpins a range of medical-learning 
games currently being trialled by some UK 
medical authorities to assist in training junior 
doctors.  Such benefits look set to continue 
as developers improve on video games and 
the platforms on which they are played.

GAME ON

One of the areas that has been mathematically mastered is realistic 
‘radiosity’ lighting, where banks of light reflected from one surface 
onto another are correctly simulated.  This is an old technology 
originating from the physics of heat transfer but developers are 
continuing to improve on it.

The method involves dividing a scene into tiny pieces and 
running a direct-lighting algorithm (or set of instructions) to 
light the pieces.  This calculates how much each piece can ‘see’ 
every other one, whether they’re facing each other directly or are 
shadowed by another piece.  The fraction representing how much 
any two pieces in the scene can see each other is called the ‘view 
factor’.  The process then adds more light to each piece based not 
on the light source (sun, light bulb, etc) but on light being reflected 
from each of the already-lit pieces, using the view factor to work 
out how much to apply.  The process is repeated over and over 
with a little light being lost each time until a threshold is reached 
such as the light being lost.  

Every piece has to be checked against every other piece.  

Because this has to be done several times, it used to be a slow 
and expensive process, calculated offline on a powerful computer 
and the results saved for use within the game.  Since 2008 there 
has been software available where radiosity can be calculated in 
real time on existing consoles thanks to engineers working for a 
Cambridge University spinout, Geomerics (see picture below).

A second method for modelling lighting has been developed 
that, although less accurate, saves time and money.  With ambient 
occlusion, the area around each pixel determines the amount of 
light falling onto it, even if that specific pixel can’t be seen directly.  
It works on a model-by-model basis and also precomputes a lot of 
data in a way that allows the lighting to change. 

Unlike the radiosity method, which looks at the effects of every 
piece of the scene on every other piece, ambient occlusion computes 
just the average view factor between each of the pieces and ‘the 
sky’ for thousands of rays.  This average for each piece indicates how 
shadowed it is and the pieces are then modelled accordingly. 

As a character moves through a game they will come across different levels of lighting. Older games would show the effects from one source of light,  
the sun or a lamp for example.  Modern games try and give a more realistic effect where surfaces like walls reflect light and imbue objects passing them  
with subtle shades © Geomerics

PERFECTING LIGHTING
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