
Introduction

The introduction of third-generation mo-
bile terminals has been accompanied by a
rapid evolution in support for multimedia.
Apart from video telephony, which requires
special access bearers, the primary driver of
this evolution is not third-generation mo-
bile telecommunications technology. The
real driver stems from audio and imaging
applications made popular through other
devices, and through advancements in tech-
nology that allow for cost-effective minia-
turization. It comes as no surprise that the
mobile phone is an accepted device for 
multimedia on the go. Most people carry
their phones with them at all times. Sever-
al applications can thus jointly justify end-
user investments in battery, display, pro-
cessing performance and memory. In this
context, the mobile phone represents the
ideal economy of scale. Manufacturers will
continue to enhance the multimedia capa-
bilities of mobile phones, emerging cellu-
lar standards will offer substantially larger
data bandwidths, and the amount of multi-
media content for phones will continue to
grow. Therefore, it is safe to conclude that
multimedia services over the cellular net-
works will evolve far beyond MMS, both in
terms of advanced services and data vol-
umes.

To understand how services will evolve
and how mobile phones might be used in
coming years,  we must first understand 
• what mobile phones can be used for; and 
• how underlying technology helps drive

evolution.
Ericsson’s two chief considerations when de-
signing a new generation of mobile phone
platforms are market trend and technology
evolution. One gains an understanding of
market trends from working with and lis-
tening to operators and mobile phone man-
ufacturers, and through market analyses.
Technology evolution spans silicon tech-
nology for ASICs and memory, displays, al-
gorithms and coding formats, and much
more. The challenge of design is to find the
right balance between cost, functionality
and performance, flexibility, and time to
market. Every trade-off affects methods de-
velopment and choice of hardware, software,
and tools. 

Understanding costs is usually fairly
straightforward. Understanding functional-
ity and performance is more complex. It en-
tails a knowledge of the types of applications
and coding formats to be supported as well
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During the past couple of years, we have seen the multimedia capabilities
of mobile phones advance in leaps and bounds. If this trend holds, what
role will mobile phones have in coming years? How will they be used?
How will services evolve? While no prediction of the future is fail-safe,
Ericsson believes that a sound understanding of what mobile phones will
be capable of and of the underlying technology driving the evolution gives
definition and contour to the discussion.

The multimedia capabilities of mobile phones will continue to evolve for
many years—memory capacity poses no obstacle; processing perfor-
mance continues to advance rapidly; and the cost of adding complex 
multimedia functionality is declining. Large volumes of mobile phones sig-
nify that the cost of components will fall, spurring further advancement in
areas such as display and camera sensor technology.

The market has accepted mobile phones as multi-functional devices—
disruptive technology—that will take the place of many traditional,
portable, consumer electronic devices, such as cameras and music play-
ers. 

The authors describe ongoing trends in technology that affect multi-
media. They also describe trends relating to display and camera technolo-
gies, algorithms and coding. Likewise, they discuss trends in memory and
silicon technology along with some of the challenges associated with
design.

2G Second-generation mobile telecom-
munications technology

3G Third-generation mobile telecom-
munications technology

3GPP Third-generation Partnership Project
AAC Advanced audio coding
AMR Adaptive multirate
AMR-WB AMR wideband
AMR-WB+ Enhanced AMR-WB
API Application program interface
ARM Advanced RISC Machines
ASIC Application-specific integrated 

circuit
BMP Bit map
CCD Charge-coupled device
CMOS Complementary metal oxide semi-

conductor
Codec Coder/decoder
CPU Central processing unit
DLS Downloadable sound
DRAM Dynamic RAM
DSC Digital still camera
DSP Digital signal processor
DV Digital video
DVD Digital versatile disc
EMP Ericsson Mobile Platforms
FPS Frames per second
GIF Graphics interchange format
GPRS General packet radio service
GPU Graphics processing unit
GUI Graphical user interface
HAL Hardware abstraction layer
HDTV High-definition television
IOT Interoperability test

ISO International Standards Organiza-
tion

ITU-T International Telecommunication
Union – Telecommunications Stan-
dardization Sector

JPEG Joint Pictures Expert Group
JVT Joint Video Team
LCD Liquid crystal display
LED Light-emitting diode
MIPS Million instructions per second
MMS Multimedia messaging service
MP3 MPEG-1 layer 3
MPEG Motion Picture Expert Gropu
NAND Not-and
NOR Not-or
OLED Organic LED
OPA Open Platform API
OSI Open systems interconnection
PDA Personal digital assistant
PPI Pixels per inch
PoC Push to talk over cellular
QCIF Quarter common intermediate for-

mat
QVGA Quarter VGA
RAM Radom access memory
SRAM Static RAM
STN Super-twisted neumatics
TFT Thin-film transistor
UMTS Universal mobile telecommunica-

tions system
VGA Video graphics array
VoIP Voice over IP
XIP Execute in place
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as camera resolutions, audio quality, power
consumption, graphics performance, dis-
play size and resolution, and more. When
setting requirements, one must also consid-
er what functionality will be in use simul-
taneously—for example, will the phone
allow users to listen to music files while
playing a game and downloading a file from
the network? If so, can the phone also accept
an incoming call and emit a polyphonic ring
signal? To arrive at the right set of require-
ments, Ericsson develops user scenarios that
describe realistic situations in which sever-
al functions are used simultaneously.

Trends in multimedia
technology

Memory capacity
Two main types of memory are found in mo-
bile phones: non-volatile program and data
storage, and fast-access random access mem-
ory (RAM), for active software. By tradition,
not-or (NOR) flash memory has been used
for non-volatile storage. Although this type
of memory is slow to update, it is quickly
read, which facilitates execute-in-place
(XIP) functionality. In other words, the
phone’s processor can fetch code directly
from memory for execution. Today, howev-
er, more and more manufacturers are re-
placing NOR flash memory with not-and

MULTIMEDIA CAPABILITIES IN PERSPECTIVE: 
"ERICSSON T68"  
When introduced in 2001, the Ericsson T68 (Figure 1) was a highly rated
GPRS terminal whose most pronounced features, in terms of 
multimedia, were color display and imaging capabilities. In three short
years, however, the multimedia capabilities and performance of mobile
terminals have improved dramatically.

Display
The Ericsson T68 had a passive, 256-color, 101x80-pixel, super-twisted
neumatics (STN) display. This was quite impressive in 2001. But today,
most mainstream phones sport larger displays with significantly
improved visual quality and resolution.

Imaging/video
Imaging was a major innovation in the T68—it handled small JPEG, GIF
and BMP images. By contrast, most phones in 2004 handle more for-
mats with higher resolution and better quality. Many also support video.

Camera
The T68 did not come with a built-in camera but was often bundled with
an accessory camera that offered rudimentary functionality. The built-in

camera solutions which are so common in today’s phones often yield
higher resolutions and greater functionality (for example, digital zoom).

Graphics
Many contemporary phones have accelerated graphics that enable rich,
animated GUIs and swift gaming. The T68 supported two-dimensional
graphics, which was adequate for the then-innovative animated two-
dimensional user interface. 

Music player
Music players that use high-quality audio codecs, such as MP3 and
AAC, are gradually making their way into mainstream phones and will
soon become a standard feature. The T68 had no such capability.

Ring signals
Polyphonic ring signals are standard fare in 2004, even in many low-end
phones. Some phones even accommodate ring signals in MP3 and
other audio formats. The T68 was equipped with monophonic ring sig-
nals. Overall, even though the T68 was a top performer at the time of its
introduction, most of today’s mainstream phones outperform it many
times over. 

BOX B, ERICSSON T68

(NAND) flash memory, which is denser and
yields substantially greater capacity from
the same silicon area. In addition, NAND
flash memory has a substantially lower cost
per megabyte—typically one-third to one-
sixth that of NOR flash memory. But be-
cause the random access time associated
with NAND flash memory is quite long, it
is not suitable for XIP functionality. In-
stead, it is more characteristic of secondary
storage, much like a hard disk in a PC. 

Present-generation mobile phones also
have substantially more RAM than their
predecessors. A primary reason for this is
that users are being allowed to handle and
generate multimedia content in their
phones. Likewise, the transition to NAND
flash memory signifies that before a phone
can actively use codes and data, the codes
and data must first be moved into RAM.
More and more manufacturers are moving
away from static RAM (SRAM) to dynamic
RAM (DRAM), which is substantially denser
(one transistor per memory cell as opposed to
some six transistors per memory cell).

Apart from built-in NAND flash memo-
ry, many phones also accommodate memo-
ry cards, which can substantially increase
memory capacity. Today, many memory
cards are based on NAND flash memory. 

Better image resolution and increasingly
complex multimedia content require
greater memory bandwidth—for example,
by means of high-speed memory card tech-

Figure 1
Ericsson T68, launched in 2001.



nology. Memory cards with a capacity of
2GB are now available, and 512MB mem-
ory cards cost less than USD 100. By 2007,
a 2GB memory card will probably cost less
than USD 100. Furthermore, microdrive
technologies will soon allow for even greater
memory capacity. In summary, memory ca-
pacity in mobile phones will not pose a sig-
nificant obstacle for the multimedia evolu-
tion.

Processing performance
Advancements in silicon technology and
processor architecture are opening the way
for vastly improved CPU performance. De-
signers of new digital baseband ASICs for a
phone platform must consider a number of
important tradeoffs: cost (which often scales
in terms of silicon die area), functionality,
time-to-market, and power consumption. 

Where flexibility and time-to-market are
concerned, it makes sense to provide excep-
tional CPU performance. But other consid-
erations, such as cost and power dissipation
must also be weighed in. Some algorithms
are demanding in terms of performance but
are well suited for hardware acceleration.
Typical candidates for hardware acceleration
include video coding, graphics, and cryp-
tography. Designers must thus carefully
balance dedicated processing requirements

between generic CPU performance and ded-
icated hardware accelerators. 

Advances in the area of silicon technolo-
gy continue to follow Moore’s Law. The In-
ternational Technology Roadmap for Semi-
conductors (ITRS) reported that the silicon
geometry of CPUs and ASICs entering into
production in 1998 was 250nm; in 2000, it
had shrunk to 180nm 2000; in 2002,
130nm; in 2004, 90nm; and the projected
geometry in 2007 is 65nm.1 Ordinarily, the
geometries of ultra-low-power processes ap-
pear in commercial phones one to two years
after they have been perfected. Figure 2
shows the expected trend in transistor den-
sity in logical circuits. This trend points to-
ward increasingly advanced and complex
CPUs and hardware accelerators. 

An additional benefit of smaller geome-
tries is faster clock frequencies. In general,
greater transistor density means greater po-
tential for more advanced and powerful
processors. There are several ways of in-
creasing the processing performance of
CPUs. Longer pipelines yield higher clock
frequency, and more advanced instructions,
such as DSP-like extensions (for example,
the ARM9E family of processors) increase
the ability to perform several operations per
clock cycle (for example, multimedia exten-
sions of the ARM11 family). Because exter-
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Figure 2
Expected trend in transistor density in logical circuits.
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nal memory and bus structures cannot keep
up with increases in CPU speeds, more ad-
vanced cache, buffer memory, and branch
predictions are used to increase effective ap-
plication performance. 

Display
Large and bright color displays have become
a strong selling point for mobile phones, and
a magnitude of features and services make
good use of them—GUIs, imaging, brows-
ing and gaming. The display is one of the
most expensive components in a phone, but
because it is one of the most tangible and eye-
catching of all features, this cost is justified.

Display technology is evolving rapidly
(Figure 3). The QVGA displays (ca 77,000-
pixel resolution) introduced in phones in
2003 will become commonplace in 2005
and 2006. In Japan and Korea, for instance,
QVGA displays are already standard. 

The pixel density of displays in mobile
phones is higher than that of displays in lap-
top or desktop PCs. Laptops have some 100-
135 pixels per inch (PPI), whereas high-end
mobile phones have between 150 and
200PPI. Some prototype displays with 300-
400PPI have been developed and will arrive
in the market in the form of 2- or 2.5-inch
VGA (0.3 megapixel) displays. These dis-
plays will have high visual quality; graph-
ics will appear very sharp, but most people
will still be able to discern individual pix-
els. The resolution limit of the human eye
is approximately 0.5 minutes of arc which
corresponds to about 700 PPI at a viewing
distance of 25cm.2-3 Good printers easily ex-
ceed this resolution, which is why most peo-
ple prefer reading and viewing printed text
and images.

Where power efficiency is concerned, the
majority of dominating LCD systems leave
much to be desired. Most present-day LCD
systems consist of a TFT panel on top of a
backlight panel. The polarizer and color fil-
ters shutter and modulate the backlight. This
method of producing an image is highly in-
efficient, however. In fact, more than 90% of
the backlight intensity is lost. Organic light-
emitting diodes (OLED) take a different ap-
proach. They consist of electro-luminescent
pixel elements that emit light directly. Apart
from lower overall power consumption, this
technology offers greater brightness and con-
trast and faster response times than current
TFT displays. OLED display technology cur-
rently has only a small-scale presence in the
market due to issues with aging, manufac-
turing yields and cost. 
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Figure 3
Trend of display resolution in mid-tier mobile phones. (Source: EMP)

Cameras and imaging
In two short years, built-in cameras have be-
come a must-have feature of mobile phones.
And, as with display technology, digital
camera technology is evolving very rapidly.
In 2004, the Japanese and Korean markets
introduced the first mobile phones equip-
ped with 3-megapixel cameras. Other mar-
kets are expected to follow suit in 2005 and
2006.

Camera phones usually contain a rather
large suite of imaging features for enhanc-
ing and adding effects to images. These fea-
tures, which include brightness, contrast,
color, zooming, cropping, rotation and over-
lay, can be used while a still image or video
clip is being shot or afterward, for instance,
to spice up MMS images. 

The real-time processing of megapixel
resolution images is demanding and often
requires hardware acceleration to assist in
image compression/decompression, color
space conversion, scaling and filtering. As
costs continue to fall, many of the standard
features associated with dedicated digital
still cameras (DSC) will show up in main-
stream mobile phones—for example, multi-
megapixel sensors, flash, autofocus and op-
tical zoom. 

Two image-sensor technologies currently
dominate: complementary metal oxide
semiconductor (CMOS), and charge-
coupled device (CCD). Compared to CMOS,
CCD technology generally offers better sen-
sitivity and signal-to-noise levels, but it is
also more expensive and power-hungry.
This technology has mainly been reserved



for high-end megapixel camera phones.
CMOS technology has been more common
in sub-megapixel cameras (such as popular
0.3 megapixel VGA cameras). In terms of
resolution and sensitivity, however, it is fast
approaching CCD, and many new CMOS-
based multi-megapixel camera phones will
be introduced in coming years. 

Greater pixel density is a common means
of achieving multi-megapixels at reasonable
cost. But because pixel spacing is now well
below 3 µm it is becoming increasingly dif-
ficult to maintain good performance of crit-
ical design parameters, such as sensitivity,
signal-to-noise, dynamic range and geomet-
ric accuracy. The trade-off between pixel
count and quality will not be trivial.

Image quality is not solely a matter of
megapixels. Every aspect of digital camera
imaging is being examined: small-lens sys-
tems for mobile phones will improve optical
quality and offer autofocus and optical zoom-
ing functionality. Camera signal processing,
such as color interpolation, white balancing,
sharpening, and noise reduction, will im-
prove with better algorithms and high-
precision hardware. Flash systems will also
become more efficient and powerful thanks
to solutions based on white LED and Xenon
discharge technologies.

Technical advances in each of these areas
will yield vastly improved image quality. So
much so, that many people with cost-
optimized camera phones will accept the
quality for their family photo albums. In all
likelihood, we will also see high-end cam-
era phones featuring full-fledged camera
systems on a par with dedicated DSCs. 

This rapid progress of camera technology
in mobile phones might result in a case of
disruptive technology where camera phones
take over the role of entry-level DSCs. In-
deed, citing this very scenario, one major
vendor of DSCs has already dropped out of
the low-end DSC market.

The standardization of imaging and 
camera-control functionality is underway in
the Java standardization community. JSR-
234, Advanced Multimedia supplements
for J2ME, address this.

Video
Video telephony and video streaming are
two of the crowning features of 3G phones,
but video capability is now also showing up
in 2G mobile phones. When first intro-
duced, the resolution and quality of video
capture pretty much matched that of the
phone’s display. At the time, captured video
images were only intended to be shown on
the same phone or sent to another phone in
the form of a video-telephony call or MMS.
But given the rapid evolution of video tech-
nology, in a few years the video capabilities
of many phones will probably be close to
that of today’s (2004) mainstream digital
video (DV) camcorders. Notwithstanding,
the requirements that video puts on com-
putational capacity (million instructions per
second, MIPS), memory size and memory
bandwidth far exceed the requirements of
still imaging. Therefore, to offload the CPU
and save power, it pays to employ hardware
acceleration. For video resolutions greater
than QCIF (176x144 pixels), hardware ac-
celeration is more or less a necessity (given
current CPU performance).

Video compression

Obviously, interoperability between de-
vices from different manufacturers as well as
services provided by different operators is
paramount for applications such as video
telephony and MMS. The Third-generation
Partnership Project (3GPP) stipulates
which codecs may be used for services in
UMTS: H.263 is mandatory; MPEG-4 and
H.264 are optional. Because a good deal of
available content has been coded in Re-
alVideo (RV) and Microsoft Video (WMV),
support is also being considered for these
proprietary formats, in particular, where
viewing or browsing are concerned.

Historically, two organizations have con-
tributed toward the standardization of video
codecs. The ISO Moving Pictures Expert
Group developed MPEG-1, MPEG-2 and
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address programmability in the three-di-
mensional pipeline (Figure 5). Compared to
fixed-function pipelines, programmability
introduces a new dimension of flexibility
into the graphics pipeline and enables the
use of procedural algorithms for enhanced
visual quality and effects. Programmability
has been exploited successfully in recent
computer games and will probably also be
important for mobile phones. OpenVG
standardizes a low-level two-directional
vector graphics API. The Java standardiza-
tion community is also very active and has
produced high-level two- and three-dimen-
sional graphics APIs for J2ME: JSR-184
(M3G) and JSR-226. 

Three-dimensional graphics for real-time
interactive gaming is very demanding. It
makes extensive use of many subsystems in-
side the phone. Apart from the graphics sub-
system, it uses the CPU, buses, and memo-
ry. The challenge, especially given increas-
es in display resolutions, is to achieve high-
performance three-dimensional gaming
without consuming a lot of power. Hard-
ware acceleration will increase performance
and power efficiency many times over. At
present, most three-dimensional solutions
on the market are software implementa-
tions, but hardware-accelerated solutions
are certain to become commonplace in a few
years. 

The popularity of computer games has
pushed the evolution of PC graphics perfor-
mance—in five years’ time, pixel fill rates
have increased 1000-fold and gaming is also
sure to influence the evolution of graphics in
mobile phones.5 Notwithstanding, there are
fundamental differences between a personal
computer and mobile phone—power con-
sumption, size and cost, for example. These
distinctions stipulate that graphics subsys-
tems in mobile phones must be designed and
optimized with emphasis on a different set
of requirements.

Audio
More is the operative word in current audio
trends—more codec formats, more synthet-
ic audio formats, more audio effects, and more
simultaneous audio components. New use-
cases and competing codecs are behind the
drive for more audio codecs. At present, the
most common audio codecs are MP3, AAC,
RA and WMA. The trend in audio codecs
is for greater support of low bit rates (Fig-
ure 6). At the same time, voice codecs, such
as AMR-WB, are evolving to provide sup-
port for general audio at bit rates that are

Figure 5
Typical three-dimensional graphics
pipeline and associated stages.

MPEG-4, which is used for VideoCD, DVD
and HDTV. ITU-T developed H.261 and
H.263, mainly for video-conferencing. In
2001, the two organizations formed the
Joint Video Team (JVT) to develop a new
recommendation or international standard
targeting greater compression efficiency. In
2003, JVT announced ITU-T H.264 and
Advanced Video Coding (AVC), Part 10 in
the MPEG-4 suite.

More efficient compression (thanks to the
H.264 codec) will improve perceived video
quality, especially video telephony and
streaming video at bit rates as low as 64kbps.
However, these gains in compression effi-
ciency are not free. They call for a consider-
able increase in computational complexity
and memory, which adds to the overall cost
and energy consumption of the phone. Be-
cause decoding has less affect on perfor-
mance than encoding, and because the abil-
ity to consume emerging content is a top
priority, we can assume that phones will ini-
tially only decode H.264. Later, support for
encoding H.264 will also be added.

Graphics
The graphics subsystem of a mobile phone
is involved in all display-related actions—
it prepares, manipulates and blends data to
be shown on the display, for example, user
interface elements and windows for video
and imaging.

The dominating graphics technology for
GUIs and gaming in mobile phones has been
two-dimensional bitmap graphics. In 2003,
however, three-dimensional graphics was
introduced into some high-end mobile
phones. Eventually this technology will be
offered in all mainstream mobile phones.
Three-dimensional graphics is mainly used
for gaming, screensavers and animated
three-dimensional GUIs. Two-dimensional
vector graphics has  also been employed in
some phones. This technology will be in-
creasingly important for resolution-agnos-
tic two-dimensional content and GUIs (de-
fined using vectors instead of bitmaps).

Khronos, an open-standards body with
more than 60 member companies from the
embedded industry, is standardizing graph-
ics APIs.4 One outcome of this work is the
increasingly popular OpenGL ES 3D graph-
ics low-level API, which was finalized in
July 2003 and showed up in products rough-
ly a year later. An updated version, OpenGL
ES 1.1, adds functionality that better ex-
ploits hardware implementations. An
OpenGL ES 2.x track, started in 2004, will

Application stage
(for example, gaming)

Geometry functions such as
transformations, translation,
rotation and lighting, are
processed in this stage.
The processing is done at 
triangle vertex level.

The geometry stage can be
a fixed function (for example, 
OpenGL ES 1.x) or 
programmable function
(for example, OpenGL ES 2.x)

Geometry stage

Shading, texturing, fog and 
blend are processed at the 
pixel level in rasterization 
stage.The processing is done 
at pixel level and the final 
pixel result to be displayed is 
generated here.

The rasterization stage can be a
fixed function (for example, 
OpenGL ES 1.x) or programm-
able function (OpenGL ES 2.x)

Rasterization stage

API
(for example, OpenGL ES)



economically reasonable for streaming and
messaging. One prominent example is
AMR-WB+.6

A new format for synthetic polyphonic
audio is mobile downloadable sound (DLS),
which allows users to customize synthesized
sound. For example, with DLS, users could
add extra instruments with a sound that is
specific to, or characteristic of, a given
melody.

The current generation of mobile phones
uses audio effects, such as equalizers and dy-
namic range compression. These effects alter
the frequency curve and suppress high vol-
ume sounds to render better quality sound.
New effects being introduced include cho-
rus, reverberation, surround sound and 
positional three-dimensional audio. As its
name implies, the chorus effect makes one
sound signal sound like multiple sound sig-
nals. Likewise, the reverberation effect imi-
tates the reflection of sounds off walls. 

Most current-generation phones support
stereo headsets and recently phones with
stereo speakers were introduced. The 
surround-sound effect has been introduced
to enhance the stereo listening experience.
The positional three-dimensional audio ef-
fect makes it possible to move sound sources
in a virtual three-dimensional space so that
listeners perceive sound sources as if they are
coming from a specific direction and 
distance. 

Java standard JSR-135 enables J2ME de-
vices to control audio players and radio
tuners. JSR-234, which is projected to be
finished by the end of 2004, extends the

audio functionality support for the effects
described above. 

The trend for more simultaneous audio
components has its roots in multimedia and
games. Multimedia file formats that contain
multiple tracks of coded audio, synthetic
audio and audio effects are becoming in-
creasingly popular. This is especially true for
ring tones. Likewise, gaming and other ad-
vanced use-cases have multiple individual
audio sources. A three-dimensional audio
and graphics game has many objects that
emit sound from specific positions to create
a virtual world. Each of these simultaneous
audio sources and advanced audio effects 
exploits advancements in technology 
performance.

Voice
At best, the voice quality of current-
generation mobile phones equals that of the
fixed telephony network. However, the audio
spectrum supported by next-generation mo-
bile phones will be wider than the audio spec-
trum of fixed telephony networks. This will
yield a more natural sounding voice signal
and quality than that of fixed telephony. An
improved voice codec, higher bit rates, and
improved speech-enhancement methods
have been used to accommodate the wider
spectrum. The AMR-WB voice codec, which
covers nearly twice the spectrum of AMR, en-
codes voice sounds within the spectrum of
50Hz to 7kHz (Figure 7).7 A prerequisite for
using AMR-WB is that each of the phones
involved in a given call must support it.
This, in turn, requires tandem-free or
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The current trend for audio codecs.
Sound quality has remained at CD quality
between first- and second-generation
audio codecs, but the bit rate has
dropped 50%. Third-generation audio
codecs are aiming for FM radio sound
quality at a low bit rate.
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transcoder-free operation in the network—
that is, the coded voice must not be re-en-
coded in the network. 

Network operators currently use speech-
enhancement functions in the network, such
as echo cancellers and noise reduction. They
apply these functions to decoded voice sig-
nals before re-encoding them. Mobile
phones also employ speech-enhancement
functionality to reduce echo and surround-
ing noise for far-end listeners. Tandem-free
operation limits the support of network-
based speech enhancement, strengthening
the case for adequate speech enhancement in
phones. The more severe accoustic environ-
ment of video calls further heightens the im-
portance of speech enhancement—users will
probably increase speaker volumes and the
microphone pickup of user voices will di-
minish.

A new voice service, Push to talk over Cel-
lular (PoC), is based on IP transmission of
the voice signal without using a circuit-
switched connection.8 PoC is a walkie-talkie
type of service that connects multiple users.

As this trend continues, we will see services
like full-duplex voice over IP (VoIP) and
multiple voice sessions over IP. Full-fledged
VoIP services will not affect the end-user—
that is, end-users will perceive them as they
would any other voice call. 

When VoIP is extended to support mul-
tiple simultaneous sessions, it will be possi-
ble to introduce new services with full-
duplex communication to multiple users.
Likewise, it will be possible to post-process
each user separately. For example, with po-
sitional three-dimensional audio, one can
place each participant at a distinct position
in space. Doing so helps listeners to separate
participants from one another. 

Putting it all together—
system design challenges
Mobile phones in the market today contain
the features and functionality of various
portable devices—phones, digital cameras,
music and video players, gaming consoles,
messaging clients and personal digital assis-
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Figure 7
Speech signal spectrum. The AMR voice
codec supports an audio spectrum of
300-3400Hz; AMR-WB supports a broader
spectrum of 50-7000Hz.



tants (PDA). Mobile phone hardware and
software has thus become very complex.
This, in turn, puts huge demands on testing
and verification. For example, to guarantee
compliance and stability, each software plat-
form is verified to work in well over 10,000
test cases. 

EMP’s mobile phone platforms are type-
approved. Considerable interoperability
testing (IOT) and standards-specific tests
are conducted to guarantee compliance. In-
creasing consumer demand for greater func-
tionality, better performance and a larger
degree of integration means that already-
tough requirements for a stable, efficient
and flexible implementation will become
tougher still. Obviously, to succeed, manu-
facturers need a solid platform architecture.

Hardware architecture
The multimedia capabilities of a phone de-
termine
• its position on the scale between entry-

level and high-end; and 
• what customers will pay for it. 
The size and cost of the hardware needed to
process multimedia has thus been allowed
to swell. Indeed, it accounts for a significant
part of hardware costs, especially in mid-tier
and high-end phones. Besides size and com-
plexity considerations, the rationale for
completely separating multimedia process-
ing from the radio modem and voice-
processing subsystem into an independent
application subsystem has grown. Doing so
permits independent verification and makes
it easier to support combinations of mobile
telecommunications standards and multi-
media capabilities. 

The application subsystem consists of one
or two multimedia processor subsystems
and several dedicated hardware accelerators.
The processor subsystems include data and
program caches and tightly coupled fast
memory configured to minimize cost and
overcome bottlenecks that arise from a lack
of available bandwidth to external memory.
Dedicated hardware accelerators handle spe-
cific functions, which for reasons of power
or performance, cannot be efficiently exe-
cuted in general-purpose programmable
CPUs or DSPs. Examples are motion esti-
mation (video), sound synthesis (audio), and
three-dimensional graphics rasterization.
Complete, dedicated subsystems including
memory might also be included—for ex-
ample, MPEG-4 video encoders/decoders or
two- and three-dimensional graphics en-
gines. One cost of dedicated hardware ac-

celerators is additional silicon area. A flexi-
ble architecture is thus needed to support a
consistent and well defined hardware ab-
straction layer (HAL) and associated API.
That way, hardware accelerators can be
added and removed with minimum impact
on higher level software. An additional ben-
efit is that a common code base can be main-
tained across different platforms, allowing
specific application software (such as a video
decoder) to run on 
• an entry-tier platform without the need

for hardware acceleration support; and
• a high-tier platform with dedicated hard-

ware accelerators. 
Obviously, the performance (frame size and
frames per second) of phones with and with-
out hardware acceleration will vary greatly.

Software architecture
A high level of abstraction with a clear and
well-defined structure is required to handle
the software complexity described above.
The software architecture in platforms from
EMP completely decouples the platform
software from customer application soft-
ware. This way, the customer software can
be developed independently and reused for
different platform configurations and future
platforms. Application software uses the
Open Platform API (OPA) to access plat-
form functionality, such as call setup,
streaming services and music playback. A
hardware abstraction layer decouples hard-
ware-dependent software from other soft-
ware, which greatly facilitates the process of
introducing new hardware, such as multi-
media accelerators. Ericsson has designed its
mobile platforms to allow native or other ex-
ecution environments, such as Java, to run
on top of OPA. 

Figure 8 shows a schematic view of the
software architecture. The software is di-
vided into layered stacks per area of func-
tionality. Ordinarily, each layer in each
stack consists of several software compo-
nents. This layered approach, which resem-
bles open systems interconnection (OSI) lay-
ers in communication stacks, permits dis-
tinct abstraction between layers of func-
tionality, reduces dependencies between
software components, and speeds up plat-
form reconfigurations, development, and
integration of new software components. 

The software architecture also introduces
the Ericsson Mobile Platforms Component
Model, which the platform-management
software employs to integrate and register
new software functionality.
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Conclusion
Since 2001, we have witnessed a rapid in-
crease in the multimedia capabilities of mo-
bile phones. The market has shown that the
mobile phone is a natural multi-functional
device, which in all likelihood, will serve as
disruptive technology for many traditional,
portable consumer electronic devices, such
as digital cameras and music players. Cur-
rent trends in technology will provide solu-
tions for pushing multimedia capabilities
forward at the same rapid pace for another
four or five years. 

From a hardware viewpoint, it is clear that
the amount of memory required for storing
and processing multimedia content will not
stand in the way of mobile phones becom-
ing rich, multimedia-centric devices. 

Processing performance is certain to in-
crease thanks to faster clock frequencies and
more advanced CPUs. 

Baseband processing chips will host com-
plex hardware accelerators for dedicated,
performance-demanding algorithms. 

Advancements in display and camera
technologies will make their way into
phones, and algorithmic and coding trends
will pave the way for more and richer multi-
media functionality. This and coming ad-
vancements in mobile network multimedia
services will open the way for enriched con-
tent sharing, more advanced streaming and
broadcast services, and much more. 

Ericsson has been part of the technology
evolution since the beginning of the mobile
phone era, driving advancements in cellular
access technologies, through standardiza-
tion as well as research and development.
Ericsson’s mobile platform products are well
prepared for the upcoming multimedia evo-
lution described in this article. 
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Figure 8
Ericsson Mobile Platform software archi-
tecture.
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