


WWS provides the ability to detect
weapon fire; determine azimuth, elevation,
and range measurements; and identify the
type of fire using high-performance image
processing from IR sensors that detect the
heat plume of a muzzle flash. This detection
technology is deployed at fixed sites utilizing
a commercial-off-the-shelf (COTS) system
based on eight tightly coupled Power PC™
processors running concurrently to provide
real-time image processing.

However, there is also a need for sniper-
detection systems to be mounted on mobile
platforms such as ground vehicles, helicop-
ters, and unmanned aerial vehicles – or pos-
sibly worn by individual soldiers. This
necessitated a miniaturized version of this
technology, which prompted the next gener-
ation of the system combining all of this
processing capability into a single FPGA. 

Radiance met the requirements for a
low-cost, lightweight, low-power, next-
generation WWS with the use of the
Xilinx® Virtex™-II Pro 2VP100 FPGA as
the main processing engine. We chose the
Virtex-II Pro device over competing
FPGAs because of the hard-core processor,

ple phases of each frequency used in sec-
tions of the design. The first problem the
team encountered was that EDK and
System Generator do not directly support
differential clock inputs. 

The LVDS input primitives were
instantiated directly in the VHDL code.
When this code was imported into an EDK
PCORE, a simple modification to the asso-
ciated MPD file was all that was required
to allow the design to properly compile.
Clocking requirements for the high-speed
I/Os, DCMs, and BuffG allocation were
also explicitly defined in the clocking mod-
ule and its associated UCF file. The devel-
opment of this clocking module allowed
our developers to consistently use defined
clocking resources in any of the Xilinx
design environments.

Algorithm Analysis, Development, and Testing
At first glance, we assumed that the design
would require multiple FPGAs to replicate
the high processing throughput of the eight
processors in the original system. One real
challenge for the team was to implement
proven existing C code that ran on the
COTS Power PCs into a System Generator
bitstream model.

To better understand the timing require-
ments, we tested each section of the existing
algorithms using the Xilinx ML300 proto-
typing board. Using System Generator

high-speed I/O, and wide
array of IP cores available
within the FPGA, as well as
the support software.
Additionally, Xilinx develop-
ment tools allowed this com-
plex processing system to be
consolidated into a single
FPGA, as pictured in Figure 1.

Parallel System Development
System development speed
was a high priority for our
design team. The system
design was broken into sever-
al logical sections that best fit

the available staff and design groups. Xilinx
System Generator for DSP, ISE™ soft-
ware, and EDK are well suited to this form
of modularizing. Key modules that would
be required for the development of others
were developed first. Frameworks for the
remaining modules were created to allow
each engineer to develop their section in
high-level MATLAB, ISE, or EDK envi-
ronments. 

An example of this technique was the
development of a standard clocking and
DCM resource module that could be used
as either a black box for Simulink, PCORE
for EDK, or used directly in ISE design
tools. The design required the use of three
separate clocking frequencies, with multi-
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Figure 1 – System chassis and 
a single FPGA board

Figure 2 – High-level System Generator model
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models to understand the processing, we
employed several methodologies to test
the algorithm’s timing and resource uti-
lization. We developed drivers to stimu-
late the algorithms and used System
Generator’s hardware-in-the-loop testing
to quickly analyze the results.

As a result of the up-front testing, we
determined that the entire design code
could be placed into a single FPGA, which
dramatically reduced the size, cost, and
complexity of the system. The high-level
model of the System Generator core is
shown in Figure 2.

We used the System Generator’s black-
box module to encode modules that were
better expressed in interfacing VHDL
code. The WWS design required the use of
several black-box modules that interfaced
with other subsystems. One of these sub-

systems was a high-bandwidth QDR exter-
nal memory for the image processing chain
(IPC) in our System Generator PCORE.
The memory is connected through black
boxes. Configurable subsystem modules
allowed us to use simulation code, replicat-
ing the functionality of the black box in the
MATLAB environment without having to
recompile the model.

Hardware Integration and Testing
The project required interfacing to several
external subsystems, including:

• External memory for program and data
store – DDR2

• External memory for high-bandwidth
processing – QDR

• Infrared camera interface – HotLink 

• High-speed data recording and play-
back – Fibre Channel

• External master clocks – Differential

We used ISE design tools to test and
implement these interfaces.
ISE software and the
ChipScope™ Pro analyzer
provided a rapid methodology
for subsystem development
and testing. Individual proj-

ects were set up to create cores that could
be “wrapped” for importing into EDK or
System Generator. By using this approach,
our hardware engineers were able to realize
these subsystem interfaces with minimal
system integration time because they were
completely tested using the ChipScope Pro
analyzer to ensure system compliance.
Several subsystem interfaces had extremely
tight timing constraints; in many cases we
used Xilinx Floorplanner software to man-
ually place and route the components.

Meeting the physical size constraint of
the WWS design necessitated that we elim-
inate as many discrete functions as possible.
The Radiance team leveraged several Xilinx
application notes to accomplish this. One
obstacle was the video input to the process-
ing engine, which comprised two 400
MHz serial streams. This normally requires
the use of a dedicated PHY and a parallel
interface to the processor. With the use of
the high-speed I/O in the 2VP100 FPGA,
as well as several Xilinx IP solutions, the
design team was able to completely elimi-
nate the need for an external PHY. The
Radiance Technologies design approach to
this is shown in Figure 3.

The team decided early on in the proj-
ect that DDR2 would be the best memo-
ry choice for use with the embedded
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Figure 4 – High-level system layout
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Power PCs. Because Xilinx lacked an
available IP core for the selected memory
part, and because of the short time-to-
working-product schedule, Radiance
decided to use Xilinx Design Services to
provide the memory interface. The inter-
face was delivered and integrated into the
system in a timely manner.

FPGA System Integration Using EDK
The WWS team chose EDK to be
the overall integration tool, allowing
for quick generation of the down-
load bitstream. The FPGA design
was implemented using two Power
PCs, three MicroBlaze™ processors,
and several PicoBlaze™ processors
integrated with the System
Generator developed PCORE. The
block diagram shown in Figure 4
details the integration methodology
using EDK as the top layer. 

The C programs executed on
the Power PCs and MicroBlaze
processors using a “roll-your-own”
operating system. The two
MicroBlaze processors provided  an
interface to the System Generator-
rendered IPC. (During the design,
the need to have two MicroBlaze
processors connected to the IPC
became apparent.)

A simple workaround for the
System Generator limitation of only
having one MicroBlaze processor per core
is to design the core’s single MicroBlaze
interface to have multiple FSL buses. You
can then connect the additional FSL links
to other MicroBlaze processors using the
add/edit cores function in EDK.

Two MicroBlaze processors perform
dedicated processing, such as communica-
tions with the IPC, while the third served a
Java-enabled website to display system diag-
nostics. The server uses a memory file sys-

tem (MFS) library to maintain the website.
One problem we encountered was the

64 KB contiguous block RAM limit
imposed on the OPB bus. Because the Web
server required larger address space, we
solved this problem by working with the
Xilinx factory and field engineers to create
“make files” that distributed the code and
data over multiple block RAMs. This

approach allowed us to create programs
that were up to 256 KB in size running on
the MicroBlaze processor.

We implemented several PicoBlaze
processors in the design to allow the IPC
running in the fabric to communicate
with external subsystems using standard
serial protocols through transmit and
receive UARTs. Figure 5 shows a typical
connectivity of the PicoBlaze processors.
These subsystems could then inject low-

level input data, such as GPS position
updates, directly into the metadata of the
video stream.

Conclusion
The Radiance engineering team exceeded
the requirements of the next-generation
WWS and accomplished the task on an
accelerated schedule by leveraging the ben-

efits of all Xilinx development tools
– both hardware and software. Using
System Generator for the modeling
and implementation of complex
algorithms – versus hand-coding
VHDL – significantly reduced sys-
tem design and development time,
saving several man years of work.

ISE and EDK design tools pro-
vided the framework that allowed a
very complex system COTS to be
placed on a single FPGA. By acquir-
ing the Xilinx ML300 prototype
boards, we were able to work out
design issues such as critical timing
constraints. Another advantage was
the ability to determine maximum
system loading early in the process. 

Employing EDK as the main sys-
tem integration tool is a viable
option to consider, especially when
several processors are employed in
the design. Exploiting all Xilinx
development tools, especially the
System Generator-MATLAB pro-

gramming model, will promote rapid
understanding and development of com-
plex system designs. 

Radiance Technologies is a 100% employ-
ee-owned small business specializing in the
application of emerging technologies to deliver
government and commercial solutions.
Radiance Technologies ranks #214 on the
2004 Inc. Magazine’s 500, and ninth among
defense contractors on the list.
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The Radiance engineering team exceeded the requirements of the next-generation

WWS and accomplished the task on an accelerated schedule by leveraging the 

benefits of all Xilinx development tools – both hardware and software.

Figure 5 – Typical PicoBlaze layout
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