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incorporates new techniques that change the basis of
the algorithm. MPEG-4 AVC/H.264 is a video coding
standard still under development. The description
here reflects the present status as specified in the
Committee Draft.

Like many previously standardized codecs, MPEG-4
AVC/H.264 design follows the so-called block-based
hybrid video coding approach. The basic source-coding
algorithm is a hybrid of inter-picture prediction to uti-
lize temporal redundancy and transform coding of the
prediction error signal to reduce spatial redundancy.
The improvement in compression efficiency in relation
to prior video coding standards is achieved by the inclu-
sion of a set of techniques that add a considerable gain.

These techniques include various block sizes
(16x16, 8x8, 4x4) and shapes for Motion
Compensation (seven block sizes and shapes for the
segmentation of the macroblock); 1/4-PEL Resolution
and Multiple Reference Picture Motion Estimation;
new kind of Integer Transform closely approximating a
DCT, which does not have the mismatch problem in

the inverse transform; Entropy Coding can be per-
formed using either a single Universal Variable Length
Codes (UVLC) Table or using Context-based Adaptive
Binary Arithmetic Coding (CABAC); Logarithmic Step
Size Control, In-loop Deblocking Filter; 13 new Intra
Prediction Modes; and Distinct Network Adaptation
Layer (NAL) design for network transport.

The result is a high-performance video coding stan-
dard, providing up to 50 percent in bit rate savings for
the same fidelity, compared to H.263v2 (H.263+) or
MPEG-4 Simple Profile at most bit rates. This work
also tries to achieve delay reduction, enhanced error
and packet loss resilience and network friendliness
that facilitates easier packetization and better infor-
mation priority control. The drawback is that these
techniques substantially increase the complexity of
the standard; to exploit its potential performance a
powerful DSP is needed.                                          ◆

The authors can be reached at aduenas@prodys.net,
ggomez@prodys.net or fmartin@prodys.net

Real-Time MPEG-4

Designing Multistandard
Communication Devices 

For algorithms, you need to figure
out whether the basic requirements
and layer 1 protocols are met. More
importantly, you must optimize the
amount of resources needed for
implementation, specifically, fixed-
point arithmetic implemented in
hardware.

Multiprocessor architectures for
communication systems need to
adhere to strict real-time constraints
in order to meet layer 2 and up soft-
ware protocols. Moreover, there are
product throughput requirements
that differentiate a final product
from its competition. Determining
those requirements early in the
design cycle is important because it
will influence HW/SW partitioning or

even the selection of the right
processor cores.

Here’s the background
Modern consumer products exhibit
very advanced communication fea-
tures. If the remote control for a TV
represents consumer device “com-
munication” decades ago, then a
multiport, wireless residential gate-
way is what  you see today. Cost
requirements for consumer prod-
ucts typically require specialized
chips containing one or more
processor cores.

Good examples of such system-
on-chips (SoCs) are products based
on TI’s OMAP platform, in which a
DSP and a RISC processor are inte-

grated and enhanced with applica-
tion-specific hardware. 

Making sure that such SoCs per-
form according to the requirements
specification involves dealing with
all aspects of the system specifica-
tion very early in the design process.
Design and product managers want
to  know that the system specifica-
tion is correct before they give the
go-ahead for SW engineers and HW
designers to implement the applica-
tion software and the chip.

Designing such a system sequen-
tially, namely building chips and
boards first and writing application
software and then experimenting in
the lab is no longer an option. No
one can afford to risk an extra
$500,000 and more for a chip re-
spin, if the design has specification
bugs.

Is there a problem?
Let’s take the example of a residen-
tial gateway, one  that receives In-
ternet traffic through ADSL and
routes it through 802.11 WLAN out-
puts. The system level design chal-
lenges for such a consumer product
are immense. They range from the
design of the 802.11 transceivers to
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the optimization of the routing from
the ADSL to the 802.11 outputs.

Are there any problems with a
particular design? With growing
complexity the answer is becoming
harder and harder to establish. It is
becoming impossible to answer sys-
tem performance or system compli-
ance questions with low-level repre-
sentations of the system, such as
using Register-Transfer-
Level (RTL) descriptions
of the hardware. 

Consider the algorith-
mic design of such a sys-
tem. For a long time,
individual algorithms
have been investigated by
computer simulation or
in terms of their response
to certain test sequences.
Today it is no longer suf-
ficient to treat a filter
algorithm in isolation;
you must consider a com-
plete sequence of pro-
cessing functions—such
as framing, channel
encoding, modulation,
transmission, demodula-
tion, synchronization,
channel decoding and de-
framing—to find out,
whether an algorithm in
this chain performs as
expected. 

Of particular challenge
is the correct and effi-
cient modeling of the
physical transmission
media and the analog sig-
nal processing in this
chain. Without proper
models for those compo-
nents, the digital signal
processing evaluation
becomes entirely mean-
ingless. Besides the mod-
eling know-how of the
system designer, the
capabilities of a tool such
as System Studio will

determine success. Optimized static
scheduling and execution of multi-
rate models, which are used to
model the system behavior, are
important to end up with the neces-
sary high simulation speed. 

Designing analog/digital systems
with enough margins based on the
imperfections of the analog compo-
nents belongs to the “fine art” of

algorithm optimization, which can
only be done with a combination of
designer experience and simulation
tool.

Given the project pressure, the
system designer may treat simula-
tion speed for modeling accuracy, if
the tool has limitations. Insufficient
modeling of an oscillator can cause
the receiver SoC to never acquire

frequency lock during
system integration in the
lab.. Imagine the project
manager coming into
your lab and asking: “Is
there a problem?”

SoC architectures are
evenly challenging. In
many cases, designers
will have already picked a
certain RISC processor,
DSP and bus, such as
AMBA or OCP, to imple-
ment their desired algo-
rithms and protocols in
SW. 

Typically, the decision
is more driven from a
commercial,  rather than
technical, aspect. Yet, it
needs to be proven, that
the overall requirements
can be met. The typical
parameters which design-
ers need to optimize are
memory sizes, memory
system architectures,
number of buses, inter-
rupt priorities, and
processor balancing.

The problem with
these aspects is the com-
plex interaction of hard-
ware and software com-
ponents. Even if the sys-
tem architect tries to esti-
mate bus loading and
memory sizes using static
analysis on a spreadsheet,
it will not give enough
security that the complex
dynamic situations are
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Figure 1: BER Performance Graphs in System Studio

Figure 2: WLAN Reference Design in System Studio

handled correctly. A typical exam-
ple for this is a multi-processor sys-
tem. Typically, the users observe
that the bus might still have idle
cycles in the range of 10-30, per-
cent, but the overall system perfor-
mance goes down because the
processors cannot access the mem-
ory in time, when the bus is taken. 

So a static analysis of this system
would result in the assumption that
with 30 percent idle cycles, the
processors still have their full pro-
cessing power and will not wait for
data. In the final system, the proces-
sors  could be stalled most of the
time. Transferring this to the system
integration in the lab, you can imag-
ine listening to your MP3 audio and
,once in a while, hear the audio
become interrupted. “Is there a
problem?” 

What is Algorithm Closure?
Let’s take the wireless algorithms in
the residential gateway example and
discuss the answers we need to get
at the algorithmic level before we
can proceed to look into a possible
implementation. The input of this
step is a paper spec of all possible
channel characteristics supported
by the supported standards, the
frame formats at the input and out-
put of the physical layer (PHY) and
the expected bit error rate (BER)
performance at the output of the
receiver. The target performance is
typically a set of values, which char-
acterize the BER over the channel
characteristic. The channel charac-
teristic is given by the signal-to-
noise ratio (SNR). 

The output of this step is an exe-
cutable specification for the trans-
mitter and receiver algorithms,
which meets the specified BER per-
formance. The executable specifica-
tion contains distinct blocks, typi-
cally in the complexity of a matched
filter, an interpolator and a decima-
tor. Characteristic value for bit error

rates are 10-6-10-8, which results in
the need of at least 100x106
(100x108) input values for a suffi-
cient statistic. Figure 1 shows an
example for two BER curves. One
only partly fulfills the targeted per-
formance. See the red graph, which
is partly above the expected perfor-
mance curve (purple graph). 

Why is it possible that one or mul-
tiple bits are not correctly received?
There are two problems, which
need to be addressed during  algo-
rithm development. First, frequency
selective fading occurs in addition
to other transmission distortions
like noise and Doppler shift.
Second, the system contains at least
two physically distinct clocks, one
in the receiver and one in the trans-
mitter, with  frequencies that may
differ slightly or  greatly. 

A system model  that describes
these effects, is key for success. As
part of the transmission scheme, the
algorithms inside transmitters and
receivers perform a tremendous
amount of up and down sampling
operations because either more
than one bit is transmitted per
information bit (coding) or the mod-
ulation requires filtering. Besides
the up- and down-sampling opera-
tions, most of the receiver struc-
tures have feedback loops, for exam-
ple, to adjust dynamically to fre-

quency shifts in the system. If those
frequency loops are not fast or accu-
rate enough, the error performance
of the receiver degrades. 

Timing information
Algorithm development is typically
associated with pure functional
models, without timing information;
however, latency in feedback loops
has a crucial impact on the perfor-
mance of the system. How much
timing information is needed to
explore different algorithms but still
get realistic performance values? C
function calls do not have enough
information about time, and a
detailed RTL model simulates too
slowly. To be able to address these
issues and efficiently build opti-
mized algorithms requires a  data
flow paradigm.  Here, the user does
not model timing explicitly, but
looks at how many tokens are need-
ed at the input of each block, for
example, to interpolate between
multiple values and how many
tokens are sent to the next block for
further processing.

System Studio provides a stream-
driven simulation engine that is
optimized for high-speed execution
of data flow systems—essential to
run 1010 samples. Therefore a sim-
ulation runs more than 1000 times
faster than the detailed RTL model.

Figure 3: Burst_read functioncall using the DesignWare AMBA bus model
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Figure 2: WLAN Reference Design in System Studio
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mance goes down because the
processors cannot access the mem-
ory in time, when the bus is taken. 
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time. Transferring this to the system
integration in the lab, you can imag-
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the residential gateway example and
discuss the answers we need to get
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can proceed to look into a possible
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mitter and receiver algorithms,
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filter, an interpolator and a decima-
tor. Characteristic value for bit error

rates are 10-6-10-8, which results in
the need of at least 100x106
(100x108) input values for a suffi-
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example for two BER curves. One
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mance curve (purple graph). 

Why is it possible that one or mul-
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There are two problems, which
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to other transmission distortions
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factor of 100 in simulation speed,
compared  with RTL simulation, to
be able to run enough test vectors
though the system and get reliable
performance values.

How much details are needed to
explore different architectures? To
identify the communication bottle-
neck described above, a cycle-accu-
rate model of the bus is essential.
Only with a cycle-accurate model of
the bus and the processor cab the
behavior of the SW running on the
processor and interacting with the
rest of the system  be explored.

Identifying bottlenecks
A cycle-accurate bus model han-
dling the data accesses with a single
function call (also called transac-
tion, implemented as interface

method call—IMC) gives enough
simulation speed and enough details
to identify the communication bot-
tleneck. See Figure 4 for a typical
multiprocessor platform using
Synopsys’ DesignWare ARM and
AMBA transaction-level models.

Here,  you can see the utilization
of the bus (right) and the packet loss
rations (left) as a pie chart. The
packet loss ratio is too high, even
with 30 percent idle cycles. Looking
into the transaction trace in Figure
5, the MP3 processor (trans_3) gets
preempted before the transmission
is finished, because it has a lower
priority than the IP router processor
(trans_1). 

The MP3 processor gets stalled
during data access and cannot finish
data processing in time. This means

that its memory fills up, data from
the IP router cannot be stored and
at some point in time the IP router
needs to drop packets. Possible solu-
tions are more memory for the MP3
processor, higher priority for its
data access or a smaller bust size of
the MP3 data accesses. The options
need to be explored. 

Beside the priorities and the
memory sizes for the header and
payload memory, #wait cycles per
read and write access for the memo-
ry, bus bandwidth or burst size for
the MP3 stream are important para-
meters in this system. With these
parameters  you can run multiple
simulations with the same exe-
cutable, but different configurations
for a full architecture exploration.
The code fragment in Figure 3 shows
a function call to the AMBA bus. 

The function call is implemented
in the AMBA bus model in a cycle-
accurate data access. The bus han-
dles the address decoding and the
arbitration, when multiple masters
accessing the bus at the same time.
The bus will be occupied for the
same amount of cycles as the final
HW implementation. The Design-
Ware AMBA bus model implements
also the 1-stage pipeline, defined in
the AMBA specification. When the
configurations are explored and the
architecture meets the targeted per-
formance  you close on the archi-
tecture.

Never without again!
With Synopsys’ System Studio sup-
porting C/C++/SystemC modeling
and extremely fast simulation,  you
and your system design team are
equipped to attack very complex
executable specifications in a short
amount of time. Synopsys’ Ref-
erence Design Kits (RDK) for algo-
rithm optimization for standards
such as 802.11 help to quickly
develop according to a particular
communication standard. Critical
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Figure 2 shows the block diagram
for the 802.11 WLAN standard,
modeled in System Studio using the
data flow paradigm. The transmitter,
the channel and the receiver are
modeled as multiple blocks. In the
receiver there are multiple blocks
for the analog front end and for
baseband processing. More details of
block diagram of the baseband
receiver block are shown at the bot-
tom of the figure, with blocks  such
as the matched filter, a burst detec-
tion block and multi-stage frequen-
cy estimators.

Other key elements
Other key elements for algorithm
exploration are the set of parame-
ters chosen for exploration.
Parameterized channel blocks with
configurable SNR, frequencies and
frequency shifts are one set of para-
meters to characterize multiple dif-
ferent channel states, which can be
characterized through clock shifts
and distortions. 

On the other hand, configurable
filter coefficients allow to modify the
filter characteristics and to explore
different algorithm. If the user does
not only target floating point algo-
rithms but also looks into fixed-
point implementations, the bit
width of input and output values as
well as for internal variables can
have huge impact on the overall per-
formance. 

With the System Studio Tcl script
you run multiple different iterations
with the same executable, but vari-
ous different configurations. In
these models, you can adjust the
clock deviation as well as the trans-
mission rate of the channel. In the
same way  you can adjust filter coef-
ficients and/or the bit width of the
filter input port. 

### variable: Bit rate in Mbit/s, either 54,
48, 36, 24, 18, 12, 9 or 6

set BitRate                                     6

### variable: C/N ratio on the channel
set C_by_N                                      20

### PSDU length in bytes
set_value PSDU_Length_Bytes                  1

### Length of gaps in between bursts
set_value Tx_gaplength_samples  

[ expr 640*4+20  ]

### Mixer frequency and sampling clock
are derived from same oscillator

### but to be able to simulate the influence
of both separately single

### parameters for each are introduced
### Clock deviation between Tx and Rx

oscillator max 40ppm = 20ppm+20ppm
### influence on sampling clock
set_value ClockDeviation_ppm                 40

### Total clock deviation between Tx and
Rx carrier 

### oscillator max 40ppm =20ppm+20ppm
set_value CarrierDeviation_ppm               40

When the configurations are
explored and the system meets the
targeted performance, you  close on
the algorithm.

What is Architecture Closure?
In the case of the residential gate-
way, the target architecture is a plat-
form containing multiple HW, but
also multiple SW parts. The goal of
the architecture exploration phase
is to find the trade off between algo-
rithms mapped to the dedicated HW
(exclusive bus and memory access
for high data throughput, limited
flexibility) and algorithms mapped
to SW (shared resources in terms of
processing power, bus and memory
access and high flexibility as well as
access to late changes). 

The residential gateway architec-
ture has hard and soft real-time con-
straints and the target performance
is specified in terms of packet delay.
This is either specified through
quality of service requirements for

specific connections or due to a lim-
ited amount of buffers to store
incoming data. If the processing
power in one component in the
architecture is too low, this will
result in higher packet loss than tol-
erable.

The input of the architecture
exploration step is the algorithm
specification, preferable as an exe-
cutable specification and a set of
real-time constraints. The output is
a detailed macro-architecture with
latency constraints for each block,
as well as a detailed specification of
the communication infrastructure.

Why is the communication infra-
structure so important? In the case
of the residential gateway, we are
not talking about one processor con-
nected through an internal bus with
the program and data memory,
maybe with an additional DMA con-
troller to allow data access from the
outside. Instead, the situation
involves multiple processor systems
and dedicated co-processor compo-
nents and multiple DMA controller
accessing one or multiple buses.

In multiprocessor systems, at any
time during data processing of one
processor, one of the other proces-
sors with higher priority on the bus
can demand the bus. In this situa-
tion the processor, which currently
uses the bus, has to stop the data
transfer and has to wait until it can
resume processing. This can have
significant impact on the overall sys-
tem performance. This means in
multiprocessor designs, the data
communication infrastructure, if
not carefully designed, is a potential
source for bottlenecks. 

RTL is too slow
The fact that problems occur during
data processing means that  you
have to apply about 104-106 test
vectors to the system to identify
these bottlenecks. Here again RTL is
too slow.  You need to have at least a
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Figure 4: Multiprocessor architecture analyzed in System Studio.
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factor of 100 in simulation speed,
compared  with RTL simulation, to
be able to run enough test vectors
though the system and get reliable
performance values.

How much details are needed to
explore different architectures? To
identify the communication bottle-
neck described above, a cycle-accu-
rate model of the bus is essential.
Only with a cycle-accurate model of
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different algorithm. If the user does
not only target floating point algo-
rithms but also looks into fixed-
point implementations, the bit
width of input and output values as
well as for internal variables can
have huge impact on the overall per-
formance. 

With the System Studio Tcl script
you run multiple different iterations
with the same executable, but vari-
ous different configurations. In
these models, you can adjust the
clock deviation as well as the trans-
mission rate of the channel. In the
same way  you can adjust filter coef-
ficients and/or the bit width of the
filter input port. 

### variable: Bit rate in Mbit/s, either 54,
48, 36, 24, 18, 12, 9 or 6

set BitRate                                     6

### variable: C/N ratio on the channel
set C_by_N                                      20

### PSDU length in bytes
set_value PSDU_Length_Bytes                  1

### Length of gaps in between bursts
set_value Tx_gaplength_samples  

[ expr 640*4+20  ]

### Mixer frequency and sampling clock
are derived from same oscillator

### but to be able to simulate the influence
of both separately single

### parameters for each are introduced
### Clock deviation between Tx and Rx

oscillator max 40ppm = 20ppm+20ppm
### influence on sampling clock
set_value ClockDeviation_ppm                 40

### Total clock deviation between Tx and
Rx carrier 

### oscillator max 40ppm =20ppm+20ppm
set_value CarrierDeviation_ppm               40

When the configurations are
explored and the system meets the
targeted performance, you  close on
the algorithm.

What is Architecture Closure?
In the case of the residential gate-
way, the target architecture is a plat-
form containing multiple HW, but
also multiple SW parts. The goal of
the architecture exploration phase
is to find the trade off between algo-
rithms mapped to the dedicated HW
(exclusive bus and memory access
for high data throughput, limited
flexibility) and algorithms mapped
to SW (shared resources in terms of
processing power, bus and memory
access and high flexibility as well as
access to late changes). 

The residential gateway architec-
ture has hard and soft real-time con-
straints and the target performance
is specified in terms of packet delay.
This is either specified through
quality of service requirements for

specific connections or due to a lim-
ited amount of buffers to store
incoming data. If the processing
power in one component in the
architecture is too low, this will
result in higher packet loss than tol-
erable.

The input of the architecture
exploration step is the algorithm
specification, preferable as an exe-
cutable specification and a set of
real-time constraints. The output is
a detailed macro-architecture with
latency constraints for each block,
as well as a detailed specification of
the communication infrastructure.

Why is the communication infra-
structure so important? In the case
of the residential gateway, we are
not talking about one processor con-
nected through an internal bus with
the program and data memory,
maybe with an additional DMA con-
troller to allow data access from the
outside. Instead, the situation
involves multiple processor systems
and dedicated co-processor compo-
nents and multiple DMA controller
accessing one or multiple buses.

In multiprocessor systems, at any
time during data processing of one
processor, one of the other proces-
sors with higher priority on the bus
can demand the bus. In this situa-
tion the processor, which currently
uses the bus, has to stop the data
transfer and has to wait until it can
resume processing. This can have
significant impact on the overall sys-
tem performance. This means in
multiprocessor designs, the data
communication infrastructure, if
not carefully designed, is a potential
source for bottlenecks. 

RTL is too slow
The fact that problems occur during
data processing means that  you
have to apply about 104-106 test
vectors to the system to identify
these bottlenecks. Here again RTL is
too slow.  You need to have at least a
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Figure 4: Multiprocessor architecture analyzed in System Studio.
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as well are accurate architecture
models from silicon vendors. Using
early versions of TI’s SystemC
OMAP models we demonstrat-
ed to users of System Studio
how architecture design based
on OMAP can be done.

The answer of project teams
being asked to design complex
products without completing
the executable system level
specification should always be:
“Never without again!”          ◆
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Figure 5: Transaction Trace

OMAP Solutions

Embedded Edge July 2003 21

Application 
Programming Strategies 
forTI’s OMAP Solutions

W ith great power comes great
responsibility.”—Uncle Ben,

a character from the movie,
Spiderman.

This quote succinctly describes
the situation of an engineer tasked
with the job of designing the soft-
ware for a system based on the TI
OMAP processor. The difficulty pre-
sented by the unique dual process-
ing capability of the OMAP is how to
design software to use it effectively.
This is particularly troublesome if
the software in question is being
ported from a system that is already
working on traditional single-
processor architecture. How can
such software be adapted to effec-
tively use the OMAP?

This paper explores these ques-
tions and gives some suggestions as
to how either new applications can
be created or existing code can be
adapted to take advantage of the
OMAP resources.

OMAP from an application
programming point of view
There is a great deal of documenta-
tion available from TI regarding the
detailed system architecture of the
OMAP processors. These details are
of great interest to programmers
involved in the creation of device

drivers or operating systems, as well
as hardware engineers that create
systems around OMAP processors.
In general, from the point of view of
an applications programmer most of
this documentation can be summed
up as “too much information.”

There are several points that are
pertinent, though. The most obvious
one is that there are two separate
processors within this chip. There
are communications paths between

them, but in general they are capa-
ble of (almost) completely indepen-
dent operation. There are excep-
tions to this independence, which
we will get into later.

These two processors have very
different architectures. One of them
is a relatively powerful general-pur-
pose compute engine. This is the
TI925 MegaCell side of the chip.
This processor is based on the
ARM9 design, as licensed by TI from

By Natalie Kloss

Figure 1: Example OMAP Partitioning for a Set-Top Box
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