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-40°to +85°

Features XE-900

CPU Via Eden

Clock speed 400 MHz; 733 MHz; 1.0 GHz
BIOS General software

DRAM support  to 256 MB

~ Compact/Flash  Type | or |l
_COM1 RS-232
COM 2 RS-232
RS-232
RS-232
RS-232/422/285
RS-422/485/TTL

CRT 1600 X 1200
Flat panel LVDS

Digital 1/0 24-bit prog.
Ethernet 10/100 Base-T
Expansion PC/104 & Plus
Power 3.6A operating
Temp. range -40°to 70/85° C
Shock/vibration 40/5g

XE-800

AMD Geode GXI
300 MHz
Phoenix

to 256 MB

Type lorll
RS-232/422/485
RS-232/422/485

1280 X 1024
yes

48-bit prog.

Dual 10/100 Base-T _ 10/100 Base-T

PC/104 & Plus
1.6A max.
-40°t0 80°C
40/59

Type lor |l

RS-232/422/485

0S Embedder™ kits

Our kits are the shortest path to a successful OS on an Ocatgon
embedded computer:

® Pick your Octagon SBC
® Pick the OS you prefer: Linux or Windows®

Octagon delivers a high performance, total solution.

XE-700
STPC

133 MHz
Phoneix
32/64 MB

RS-232

RS-422/485

Linux kit includes:

& Target CPU card

& 256 MB industrial CompactFlash

© 256 MB SO-DIMM module

& Interface cables

& Hard copy of manual

& Mouse

& CPU 0S bootable CD

& Optimized OS Version

& Full driver support for on-board hardware
& X-Windows support

& Example applications and source code
& Extra documentation

1280 X 1024
yes
24-bit prog.

PC/104

1.6A max.

-40° to 80/85° C
40/59
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Needaniout=or-the=box:mobilesservery:

XMB

The XMB is part of Octagon’s line of Core Systems™ that offer
out-of-the-box solutions for transportation, military and secu-
rity applications. The XMB is a “no compromise” design for
a mobile server that optimizes the electrical, thermal
and mechanical components for maximum reli-
ability. The result is a powerful, yet fanless
system in a rugged extrusion that
provides 24/7 service even in harsh
environments.

The basic unit includes the processing
power, power supply, memory and I/O for
most applications.Yet, it can be easily ex-
panded using PC/104 1/O function blocks
or Octagon’s XBLOK™ half-size PC/104
expansion modules. Generated heat is
effectively channeled directly to the case
to help prevent internal hot spots.

XMB mounting options

Standard mounting plate Shock and vibration Quick-release
dampening system mounting system Please call today for a datasheet

We offer three mounting options for the XMB.The standard mounting plate

303-430-1500
is designed for benign environments with low—stress vibration.The shock and

vibration dampening system is ideal for use in trains, buses, planes and other

mobile applications. especially where shock and vibration is more or less con- o‘ 'A GON
stant. The quick—release mounting system provides a convenient way to quickly SYSTEMS —
remove the XMB enclosure from a bulkhead or overhead location.


http://www.octagonsystems.com

GE Fanuc
Embedded Systems

Imagine what we can do
for you now.

Our vision is to offer you the kind of products and services you've only dreamed of.

If you could build the perfect embedded products company, communications, and fully integrated systems — which is

it might be something like the one we've created by exactly what Condor Engineering, SBS Technologies, and

combining the imagination, energy, and expertise of the GE Fanuc bring to the table.

people at GE Fanuc Embedded Systems, Condor Engineering

and SBS Technologies. By creating this new company, we've taken a giant step
toward our vision of a different and better kind of embedded

It would be a company with the experience, resources and company. So we invite you to open your mind and let your

courage to develop truly innovative products — which is a imagination run wild. Because our goal is to be right there

cornerstone of the General Electric Company. It would be a with you helping make your inspirations into realities.

company with a wide range of available products — every-

thing from avionics and industrial controls to networking, www.gefanucembedded.com

@ICONDOR /SBS

k= ENGINEERING Technologies

FANUC

Now a part of GE Fanuc Embedded Systems

© 2006 GE Fanuc Embedded Systems, Inc. All rights reserved.
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Technobox produces custom
and off-the-shelf PMCs.
Our extensive range of
solutions includes versatile
FPGA-based digital 1/O,
async I/O, SATA, Ethernet,
and IDE controllers. Plus

a variety of adapters, ex-
tenders, and tools for PMC

development or integration.

Make us your first stop for
PMC Solutions.

www.technobox.com

Your Source for PMCs,
Adapters, and Tools.
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could spell trouble ahead for the military market. Since the
early "90s, when it comes to revenue and development, the
military embedded market has had to take a back seat to the com-
mercial market. Back then we had a couple “open systems” buses
and a few handfuls of “pseudo open systems” buses. The market

Turmoil and turnover in the standards-based open bus realm

quickly. One that has enjoyed years of being at critical mass will
take years to decline and fade away.

Prior to the emergence of the COTS, military market life was
simple. Every five or so years, buses that achieved critical mass
would start to peak and something else would be on the horizon
to take its place. Embedded suppliers as well as users would start

The Military, Juggling and Buses

for the pseudo open buses was usually driven and controlled by a
major system or silicon manufacturer. With the backing of that
one large manufacturer, the bus got a sort of built-in critical mar-
ket mass and could prosper, usually until it was no longer needed
or replaced by that manufacturer. During its existence, however,
many smaller suppliers would provide a variety of products, fill-
ing the various needs of the users.

In contrast, open buses are a little more like a cooperative
that may be or has been established by several larger systems or
silicon manufacturers. And, in some cases a group of smaller em-
bedded suppliers may modify and spin off an open bus architec-
ture from a proprietary or pseudo bus. A third case might just be
a group of companies seeking a technological solution to a set of
broad or unique problems. This may all sound like motherhood
and apple pie, but it needs to be stated in order to understand why
the military market may be in trouble.

This “buses” thing is a juggling act—one that on occasion
works for a while, but eventually the balls start to fall. This jug-
gling act consists of three “balls” in the air at once. First, is a
community of suppliers that need one another—while still this is
purely for individual gain. Second is a technical issue that needs
continual resolution and update. And thirdly, are users with an al-
most unlimited variation of needs that evolve with time while still
requiring ties with the past. Most of the time buses don’t get off the
ground because the bus doesn’t achieve a critical mass in all those
three elements. Without achieving a critical mass, the bus lasts as
long as the perception that it will achieve critical mass is accepted
by the users—in other words, good marketing. When buses fail or
die they have limited effect in the commercial marketplace, but for
the military market the effects can be devastating.

When a bus architecture that was employed starts to show
signs that it will fade it begins a death spiral. Suppliers quickly
stop designing new products for that architecture and shift their
development funds to up and coming technologies. The time line
as to how quick or long the death spiral is depends on how large
an installed base there is and how long the architecture has been
in place. One that was punched up by a lot of hype in the media,
but with limited acceptance by users, will drop from the scenes

to shift their IP and in-house engineering talent to a new technol-
ogy—a substantial investment for each organization. The system
developer’s products would start incorporating the new technol-
ogy and there was limited intertwining of their shippable prod-
ucts, resulting in limited adverse effects to the ultimate customer.

The military has all the same problems the commercial mar-
ket has, plus it has a much tighter intertwining of legacy systems
along with much longer deployable systems life than the com-
mercial market. The stodgy manner in which the military goes
through its design and development cycle has kept it relatively in-
sulated from buses and technology that had a false start and never
achieved critical mass. Unknowingly the military has been an
enormous asset to the commercial embedded market, through its
use of varying established bus technologies it has slowed—and in
the case of VME completely nullified—the death spiral for many
architectures.

So, where’s the problem? This decade has seen an explosion of
new architectures and design schemes and the rate of introduction
will only increase rather than decrease. Since the vast majority of
growth is in the commercial world, the military as a percentage of
the total continues to decline. Buses and architectures that don’t
make it are easily absorbed and forgotten. Military designers are
getting younger and are more eager to incorporate the latest and
the greatest technology and buses. That’s all good as long as some-
one analyzes the broad picture and is assured that the bus tech-
nology they plan to use can continue to juggle all the balls and
has longevity. Remember, except for military-specific buses, the
military has no input to the juggling. This whole process requires
three-dimensional thinking and good management decisions.
And when linear thinking along with bad decisions are made, the
problems or failures can’t be blamed on COTS or open systems.
It’s just inadequate decision making. 1l
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200 WATT COTS AC-DC SWITCHER FOR
MISSION CRITICAL APPLICATIONS

ABBOTT’S NEW AS200 MODEL

* Universal Input with PFC * Meets Mil-Stds 704, 1399,

« Output voltages from 12VDC DO160
to 28VDC * Meets Mil-S-901, Mil-Std 810F
* Meets Mil-Std 461D, CE101,  + Small size (3.5 X 6” X 1.25”)
CE102
r/
Abbott7,

TECHMOLOGIES, INC
1-800-367-8200
www.abbott-tech.com

Battle-proven,

from the cold war

to the war on terror.

For nearly 50 years, Behlman COTS and build-to-print
power products have performed in even the most
hostile environments on the ground, at sea and in
the air. Behlman meets Military requirements for
low-cost, fast-turnaround, ultra-reliable power
solutions, and offers proven expertise in
reverse engineering and modernizing
*AC-AC obsolete power supplies.

* Frequency
converters We meet MIL-STD-461 5

e Inverters MIL-STD-704, MIL-S-901,
«DC-DC MIL-STD-810 and other
«AC-DC military specifications. For a free
«DC-AC consultation call 1 800 874-6727,
- UPS or email sales@behlman.com.

Behiman Electronics Inc.
www.behimancots.com
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We've Slashed Slow
Boot-Up Times

We don't pussyfoot around. Your
embedded application needs to
come up and execute quickly.
Micro/sys CPU boards are optimized

to cut through the boot code, which
slashes the time from start-up to
application readiness for maximum
performance over a wide range of
hardware platforms.

When you use Micro/sys
boards, you gain the
value of more than 30 years
experience in embedded
applications. Our sales team
will help you match your boot
time requirements with the
best board, BIOS, and operating
system combination. If you have
a tough spec, give us a call....
We welcome the challenge.

MCB58 Compact microcontroller SBC1 586 Headless, Low-Power
with CAN, 32 DIO, 4PWM D/A, PC/104 Pentium with Compact
Temp. Sensor, RTC, 16K Serial Flash, 4 COM ports, USB, and
EEPROM, 60K Flash, and 4K RAM. Ethernet. Boots in under 4 seconds.
Boots in 160 microseconds.

MICRO/SYS SBC1625: r.ow-Power ARM SBC4495: 4s6/586 EPIC CPU
processor with Dual Ethernet, 4 with GPS, Ethernet, 24 bit I/O,

3730 Park Place, Montrose, CA 91020 COM ports and 24 Digital /O on 14 bit A/D and D/A. Boots in under

Voice (818) 244-4600 Fax (818) 244-4246 PC/104. Boots in under 14 seconds 4 seconds.

info@embeddedsys.com to Linux Prompt.

www.em be d d Ed Sys. com ©2006 Micro/sys. All brand and/or product names listed are registered trademarks of their respective owners.


http://www.embeddedsys.com

ENGINEERED LIKE NO QLE ERS

FROM CONCEPTS TO DEPLOYMENT

C265 "coNpoR”

High Performance, Upgradeable Pentium® M Processor

* Up to 2GHz Pentium® M processor with 2MB of L2 Cache

» Field upgradeable CPU module to deploy latest Pentium® M
including the new Dual Core processors

* Ultra-low power requirements as low as 12W Max

= Highest performance per watt procassor module available

* Up 10 2GB of 266MHz DDR SDRAM via SODIMM module

= Dual Gigabit Ethemet ports to front panel, rear or PICMG 2.16 PSB

« Dual Video to support two DV monitors or DVI & RGB together

+ 2D/3D video acceleration with OpenGLE and Direct-X& support

* One PCI-X compliant PMC site with rear I/O

= Onbeard support for one IDE HDD or Compact Flash

* One SAM™ 110 expansion module for Audio, 1394 or custom /O

= Four USB-2.0 ports and two serial ports

* 1600 Gate user configurable CPLD, with 32 GPICQ lines

= Up to 512KB of BIOS/user Flash

* RTC with field-replaceable battery

+ CPU temperature and voltage monitaring for safe operation

* Fully Hot Swappahble 64-hit/66MHz CPCI bus

= Available in standard 0°-55°C or extended temp. -40® 1o 85°C

« Support for Windows® XP/2000, VxWorks® and Linux®

*Also available in VME

S620 "HawKk"
Mini-ITX with Dual PMC Pentium® M System

+ Ultra small footprint system, Only 2° x 7" x 10" and 4.5 |bs.
* Up 1o 2GHz+ Intel Pentium® M processor with up to 2MB of L2 Cache
+ Figld upgradeable CPU module to deploy latest Pentium® M processors
* Ultra-low power requirements as low as 10W max
* Up to 2GB of 266MHz DDR SDRAM
* Dual Gigabit Ethernet with TCP/IP Offleading Engine
= High performance dual video display (RGB and DVI) with 64MB RAM
« Dual Video to support two DVI monitors or DVI & RGB together
= 2D/3D video acceleration with OpenGLE and Direct-X8 support
* Two PCl-Mezzanina-Carrier (PMC) sites for high-speed O expansion
* Dual channel Line-In/fOut/Mic with CD audio for full Multi-Media support
* Dual 13944 and quad USB-2.0 ports via front/rear /0 panels
= Ultra quiet fan for Desktop applications
* Full power management control:
-ACPI 1.0 compliant (suspend to memoryfdisk etc.)
-Geyserville® |l support (speed and voltage stepping)
-Support for battery operation and standby power
* CPU, system temperature and voltage monitoring for safe opearation
* Up to 100GEB ATA HDD and CD-BW/DVD£RW Drive
+ Support for Windows® XP/2000, VxWorks® and Linux®

LEADING THE EMBEDDED MARKET SINCE 1278,

COMPUTENG ENEITNES

PERFORMANCE, RELIABILITY, LONGEYITY

GENERAL MICRO SYSTEMS, INC.
TEL(800) 3074863 - gmsdsbc.com
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Quantum3D Wearable PC Chosen for Mounted Warrior Demo

Telephonics has selected
Quantum3D’s Thermite Tacti-
cal Visual Computer (TVC) for
use in Telephonics’ Multi-Me-
dia Communications Technol-
ogy Demonstrator for the U.S.
Army Mounted Warrior (MW)
Ensemble. The MW Ensemble
(Figure 1) is an integrated
soldier-fighting ~ system in-
tended to enhance the lethality,
battle-command  compatibil-
ity, survivability, mobility and
sustainability of mounted and
dismounted Stryker Brigade
Combat Team (SBCT) infantry
soldiers. When equipped with
Multi-Media Communications
Technology, the MW Ensemble
facilitates the sharing of battle-
field multi-media information
between soldiers, vehicles and
command elements and further
integrates individual soldiers
into the chain of command by
providing interoperability with
the digital command and con-
trol of other platforms.

The purpose of the MW
Multi-Media Technology Dem-

Northrop Grumman
Presents Platinum
Source Award to
Phoenix International

Phoenix International has
received Northrop Grumman’s
Platinum Source Award, reflect-
ing the Company’s sustained
excellence as a supplier of quality
products and on-time delivery to
Northrop Grumman Integrated
Systems (IS) Sector. The award
was presented to the Phoenix

Figure 1

The Mounted Warrior Ensemble
is an integrated soldier-fighting
system intended to enhance
the lethality, battle-command
compatibility, survivability,
mobility and sustainability of
mounted and dismounted Stryker
Brigade Combat Team (SBCT)
infantry soldiers.

onstrator is to assess the benefits
of integration of low-data-rate
battlefield video sources includ-
ing driver enhanced video, FBCB2
data, situational awareness and
reconnaissance data and weap-
ons targeting video into a Stryker

International executive team at
the Company’s headquarters in
Orange, California, by executives
from Northrop Grumman Inte-
grated Systems El Segundo, Cali-
fornia headquarters. Phoenix
International, an ISO 9001:2000-
certified manufacturer and
Service Disabled Veteran Owned
Small Business (SDVOSB),
designs and manufactures rug-
ged data storage systems ranging
from multi-terabyte Fibre Chan-
nel RAID, NAS, SAN and array
configurations to Solid State

unit. A key component of the sys-
tem is the Therrmite TVC, which
is optimized for man-wearable,
battery-powered  applications,
and enables dismounted soldiers
using software to relay specific
multi-media data including video
and images via Telephonics Trul-
ink wireless intercommunica-
tions system to and from Stryker
or other vehicles as well as to
other MW Multi-Media Commu-
nications-equipped soldiers. The
Thermite TVC also enables the
video/image data being captured
and/or relayed to be displayed
on the soldier's monocular HMD
monocle or via a handheld LCD
available for the MW Ensemble.

Telephonics
Farmingdale, NY.

(631) 755-7000.
[www.telephonics.com].

Quantum3D

San Jose, CA.

(408) 361-9999.
[www.quantum3d.com].

plug-in VME and Compact PCI
storage modules.

Phoenix International
supplies Northrop Grumman
Integrated Systems Sector with
high-performance data storage
systems used in Joint STARS
aircraft as well as in training
and support applications. The
Platinum Source Award was
made in recognition of Phoenix

International’s demonstrated
distinction in meeting perfor-
mance standards—outstanding
quality, commitment to meeting
delivery schedules, and focus on
customer satisfaction.

Phoenix International
Orange, CA.

(800) 203-4800.
[www.phenxint.com].

L-3 Chooses 0SI
Geospatial COP System
for Navy’s DDG 1000
Program

OSI Geospatial will provide
its Common Operational Picture
(COP) product to L-3 Com-
munications Marine Systems for
integration into the bridge sys-
tem of the DDG 1000 (formerly
called DD (X)), the U.S. Navy’s
next-generation destroyer. OSI’s
subcontract includes a Linux
version of its current COP

Figure 2

Developed under the DD(X) destroyer
program, Zumwalt is the lead ship
of a class of next-generation multi-
mission surface combatants tailored
for land attack and littoral dominance
with capabilities that defeat current
and projected threats and improve
battleforce defense. The ship will carry
the designation and hull number DDG
1000. The image shown here is an
artist's rendering of the DD(X) next-gen
destroyer.

Get Connected with companies mentioned in this article.
www.cotsjournalonline.com/getconnected
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product, plus testing, training
and support services.

The integration of the COP
product into the bridge systems
of the DDG 1000 vessels will
deliver enhanced situational
awareness and support improved
decision-making capability at
strategic, operational and tacti-
cal levels. Raytheon Integrated
Defenses Systems is the prime
mission systems equipment
integrator for all electronic and
combat systems aboard DDG
1000 Zumwalt Class naval de-
stroyers. L-3 Marine Systems was
selected by Raytheon to provide
the integrated bridge system
component for the DDG 1000
program. An integrated bridge
system automatically collects,
processes, controls and displays
vital navigation sensor and con-
trol data in order to maximize
ship efficiency and safety. OSI
will be a third-tier vendor under
the program.

OSI Geospatial

North Vancouver, BC
Canada

(604) 904-4627.
[www.osigeospatial.com].

Ultra-DNE Wins $18.4
Million Order from U.S.
Marine Corps

Ultra Electronics-DNE
Technologies, a manufacturer of
tactical voice and data com-
munication systems, announced
that the United States Marine
Corps (USMC) has placed an
$18.4 million order with the
company as part of the USMC’s
AN/MRC-142 Product Improve-
ment Program (PIP). Ultra-
DNE will provide high-speed
tactical access concentrators and
protocol converters to the pro-
gram, with scheduled deliveries
through 2008.

The AN/MRC-142 system
is a medium-range, Ultra-High
Frequency (UHF) line-of-
sight radio system used by
the Marines to communicate

[12 ] COTS Journal October 2006

between deployed troops and
Command and Control centers.
The AN/MRC-142 PIP replaces
obsolete tactical communica-
tions equipment, enabling the
Marines to access a wider variety
of data—such as video and
imaging—at faster speeds. The
program will improve com-
munications between deployed
units at speeds up to eight times
faster than the currently fielded
systems, improving throughput
from 2 Mbits/s to 16 Mbits/s.
The new system will now inter-
face with other communications
systems, such as the TRC-170
and Transition Switch Module
(TSM), which will operate at
speeds up to 16 Mbits/s.

The company holds IDIQ
contracts with both the U.S.
Army (CECOM) and the U.S.
Navy (SPAWAR) to provide
communications equipment
throughout all four branches of
the U.S. DoD. Ultra-DNE’s sister
company, Ultra-TCS, is also pro-
viding high-speed line-of-sight
radio systems to the AN/MRC-
142C improvement program.

Ultra-DNE
Wallingford, CT.

(203) 265-7151.
[www.ultra-dne.com].

Lockheed Martin Selects
Aonix PERC VM for Aegis
Weapon System

Lockheed Martin has
selected the Aonix PERC Ultra
virtual machine (VM) for the
Aegis Weapon System Open
Architecture Program. The Aegis
Open Architecture team aims
to enhance the capabilities and
service life of the U.S. Navy’s
premier surface combat system
while also reducing its cost.
Lockheed Martin reportedly
selected the Aonix PERC VM
based on its ability to provide
deterministic, real-time perfor-
mance and high productivity
development.

The Lockheed Martin Aegis
team was faced with program-

Figure 3

The Aegis Weapon System is a radar
and missile system seamlessly
integrated with its own command
and control system, capable of
simultaneous operation defending
against advanced air, surface and
subsurface threats.

ming language selection for its
Open Architecture Program.
Java was selected for several
critical subsystems due to its
superior tool and library support
along with its superior produc-
tivity and portability. However,
traditional Java offerings could
not meet the challenge of the
critical timing requirements for
the Aegis project. In contrast

to its competitors, PERC Ultra,
with its deterministic capabili-
ties and ahead-of-time compila-
tion, offered Lockheed Martin
the responsiveness it needed

to meet its most demanding
timing requirements. In addi-
tion to real-time threading and
deterministic garbage collection,
PERC Ultra provided the instru-
mentation and VM management
tools necessary to support the
mission-critical real-time re-
quirements of the Aegis Weapon
System.

The Lockheed Martin-devel-
oped Aegis Weapon System is the
world’s premier naval defense
system and the sea-based ele-
ment of the United States’ Ballis-
tic Missile Defense System. The
Aegis Weapon System is a radar
and missile system seamlessly in-
tegrated with its own command
and control system, capable of si-
multaneous operation defending
against advanced air, surface and
subsurface threats. Currently,

Aegis Weapon System capabili-
ties are on 80 cruisers, destroyers
and frigates on station around
the world, with more than 25
under construction or planned.

Aonix

San Diego, CA.
(858) 457-2700.
[www.aonix.com].

General Dynamics Selects
Virtutech’s Tool for NASA
GLAST Project

General Dynamics C4
Systems has deployed Virtutech’s
Simics to develop and test
mission-critical embedded
flight software for the NASA
Gamma-ray Large Area Space
Telescope (GLAST) project.
Virtutech Simics simulates the
spacecraft hardware to create
a robust training tool for the
GLAST mission operations team
to prepare for normal spacecraft
operations. By injecting faults in
the simulated flight hardware,
the mission operations team can
implement efficient responses
to possible failures or anomalies
in the actual system prior to the
launch, which provides com-
prehensive training opportuni-
ties and invaluable insight into
the activities of the real system
long before the actual hardware
arrives.

Virtutech Simics provides
a virtualized software develop-
ment environment, minimizing
the need to build multiple multi-
million-dollar test models of real
flight hardware. Using Virtu-
tech Simics, General Dynamics
simulates satellite processors and
other spacecraft avionics hard-
ware so that the flight software
cannot detect the difference
from running on real produc-
tion hardware. With simulation,
developers have full control
over the code for extensive and
thorough testing.

Virtutech

San Jose, CA.

(408) 392-9150.
[www.virtutech.com].
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tion, medical, military and telecom markets,
the PCI Industrial Computer Manufacturers
Group (PICMG) has moved way beyond that.
With the advent of fabric-based transports,
PICMG specs have continued to evolve.
This has resulted in a series of specifica-
tions that include CompactPCl, ATCA, AMC,
CompactPCl Express, MicroTCA, COM Ex-
press and SHB Express. Now that many of those have gained some
degree of acceptance in defense applications, PICMG ranks as a key
consortium for the military market to keep tabs on.

Founded in 1994, PICMG today is a consortium of over 450 com-
panies who collaboratively develop open specifications for high-per-
formance embedded computing applications. The members of the

e N tifier. And the PICMG Web site provides details

/ These specifications are represented by many
; leading-edge products from PICMG member
companies, details of which can be found in
* our Product Directory. A members-only por-
tion of the Web site provides enhanced access

to information and ways to participate in the consortium’s activities.
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FPGAs for Software Radio

FPGA Tech Advances
Propel Software Radio Forward

Advances in FPGA density, speed and DSP capabilities are enabling portable software
radio designs that can meet the size, weight and power needs of tactical radios.

Jeff Child
Editor-in-Chief

F or a variety of military applications,

FPGAs have become a core enabling

technology—as critical as proces-
sors, memory and I/O interface silicon.
But no segment is perhaps so dependent
on advances in FPGAs than Software De-
fined Radio. While first-generation soft-
ware radios used a mix of ASICs, FPGAs,
digital signal processors (DSPs) and
general-purpose processors, the trend
now is toward relying mostly on FPGAs.
Advances in FPGAs—in gate density,
speed, and in digital signal processor

architectural enhancements, have been
a huge boon to the development of SDR
technology. FPGAs in particular are criti-
calin handheld/manpack varieties of soft-
ware radios where size, weight and power
concerns are a gaining factor. System de-
signers are relying on advanced FPGA de-
vices like the Virtex-4 and Virtex-5 family
from Xilinx, and Altera offers low-power
solutions through its MAX II, Cyclone II
and HardCopy II device families.
Embedded board vendors are keep-
ing pace with board-level FPGA-based so-
lutions. An example, released earlier this
year, is a pair of boards from VMETRO
designed around the Xilinx-5 family of

=~ ieujoly
o
0 -
=]

and Virtex-5 LX110.

I Figure 1
Useful for development work or deployed software defined radio systems, these two
boards—one PCI, one PMC—from VMETRO are based on the Xilinx LX50 Virtex-5 FPGA
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FPGAs. The products, based on open
standard form-factors including PMC
and PCI (Figure 1), are targeted for de-
ployed embedded applications as well as
development platforms. For PCI-based
development platforms, VMETRO’s DEV-
FPGAO5, based on the Xilinx LX50 Virtex-
5 FPGA, will be bundled with a software
support package to allow Virtex-5 applica-
tions to be evaluated and developed at low
cost. For deeply embedded applications,
the PMC-FPGAO5 PMC module with a
Virtex-5 LX110 is available.

Reusing and Porting Waveforms
SDR provides an efficient and low-
cost solution to the problem of building
multifunctional, multimode, multiband,
wireless devices that can be enhanced via
software upgrades. SDRs also allow the
reuse of waveform code from platform to
platform, which requires a software in-
frastructure supporting code portability.
That capability is critical for the DoD’s
Joint Tactical Radio System (JTRS) pro-
gram that mandates future radios be-
come interoperable with one another and
support the different waveforms across
the Armed Forces branches. SDR tech-
nology also eases the chore of porting ap-
plications to future hardware. That’s a big

(\é Get Connected
V127 with companies mentioned in this article.

www.cotsjournalonline.com/getconnected
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The Joint Tactical Radio System:
Reorganized and Rescoped

After nearly a year on hold, the DoD’s Joint Tactical Radio System (JTRS) program went
back in motion earlier this year, after a significant management restructuring and rescoping
of the program. First off, the various Clusters that make up JTRS were renamed. The Army’s
portion of the JTRS program is to be known as “JTRS Ground Systems.” Cluster 1 becomes
“Ground Mobile Radio,” while Cluster 5 will be known as “Handheld/Manpack/Small Form
Fit (HMS) radios. Meanwhile, Cluster AMF separates into AMF Small Airborne (AMF-SA) and
AMF Maritime (AMF-M). Table 1 lists the domains of the restructured JTRS program.

JTRS Domain Descriptions

Ground Domain

Airborne, Maritime
and Fixed Domain

Network Enterprise
Domain

Special Radio
Systems

Table 1

Ground Mobile Radio (GMR) (formerly
Cluster 1) - Support requirements

for Army and Marine Corps Ground
Vehicular platforms. Handheld/
Manpack/Small Form Factor (HMS)
(formerly Cluster 5) - Support
requirements for JTRS handheld and
manpack units and forms suitable for
integration into platforms requiring a
Small Form Fit radio

Airborne, Maritime and Fixed Site (AMF)
- Support requirements for airborne
(including rotary wing), maritime and
fixed station platforms for all Services.

Multifunctional Information Distribution
System—-JTRS (MIDS-J) - Migrate the
current MIDS-Low Volume Terminal

to MIDS-JTRS compliance producing
the next-generation data link and
communication terminal for joint and
coalition tactical platforms

Waveform Program Office - Responsible
for waveform development,
cryptographic equipment applications,
architectural integrity of JTRS,
gateways and common network
services

JTRS Enhanced Multi-Band, Inter/Intra
Team Radio (MBITR) (formerly Cluster
2) - Managed by Special Operations
Command. Supports requirements for
handheld radios for the Army, Navy,
Marine Corps and Air Force Special
Operations Forces

Described here are the various domains that encompass
the restructured JTRS program.

Beyond those name
changes, the biggest change
in JTRS is a dramatic par-
ing back in the number of
waveforms to be included.
In the initial ORD there were
32 waveforms—many of
which were key to interoper-
ability with legacy radios.
The reorg—under ORD
3.2.1—reduces that list
of waveforms down to six.
They haven't ruled out doing
all 32 at some point, but
the goal now is to focus on
six. The six include WNW,
SRW, SINCGARS, EPLRS,
MUOS and Link-16. What
that suggests is a focus on
empowering the networked
battlespace—Soldier
Radio Waveform (SRW)
and Wideband Network-
ing Waveform are the two
networking waveforms.
Meanwhile, only limited
backward compatibility with
old radios—SINCGARS and
EPLRS waveforms—is in-
cluded. MUQS and Link-16
are included for the airborne
form-factors. Satellites
supporting MUOS haven't
been launched yet, but are
expected to be in the next
year or so.
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deal for the defense sector where applica-
tions can be deployed for a long period
of time, extending beyond the lifetime of
the hardware.

While the deployment phase for JTRS
is still years away, the military nonetheless
is making a shift to software radios. In a
recent example, Harris, a major supplier
of software defined tactical radios, was
awarded a $1.9 million contract from the
U.S. Navy Expeditionary Combat Com-
mand (NECC) for Falcon III AN/PRC-
152(C) multiband handheld radios. The
radios will be deployed to satisfy the U.S.
Navy’s urgent operational requirement
to support Explosive Ordnance Disposal
(EOD) and Naval Coastal Warfare Group
operations in Iraq and Afghanistan.

The Harris AN/PRC-152(C) is a
next-generation, multiband handheld
radio that offers military users advanced
capabilities for critical operational re-
quirements. The AN/PRC-152(C) is the
first NSA-certified radio to implement
the government’s Software Communica-
tions Architecture (SCA). SCA is the soft-
ware architecture mandated in the JTRS
program radios. 11

Altera

San Jose, CA.
(408) 544-7000.
[www.altera.com].

JTRS Joint Program Executive Office
San Diego CA.

(619) 524-4601.

[jtrs.army.mil].

Harris

Rochester, NY.
(585) 244-5830.
[www,harris.com].

VMETRO

Houston, TX.

(281) 584-0728.
[www.vmetro.com].

Xilinx

San Jose, CA.

(408) 559-7778.
[www.xilinx.com].
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FPGAs for Software Radio

FPGAs Muster Up Solutions for
Software Radio

Timing, data formatting, digital conversion, DSP—the list of software radio duties suited
for today’s crop of FPGASs continues to grow, elevating them to the role of the enabling
technology for military software radio designers.

Rodger Hosking, Vice President
Pentek

oftware defined radio technology
Shas been widely adopted for new

military and aerospace platforms,
government signal intelligence and
homeland security systems, and now
more extensively in commercial wireless
voice and data networks. Most of these
communication systems employ digital
signaling, and as signal bandwidth in-
creases to handle more video, voice and
data traffic, the sampling rates increase
accordingly. The need to squeeze more
channels of traffic into an expensive
slice of precious radio spectrum has led
to advanced code modulation schemes
such as CDMA and its more complex de-
rivatives.

Government requirements for se-
cure communications mandate real-time
encryption and decryption schemes that
must be increasingly more resistant to
interception. Multinational theater of
war combat operations must selectively
ensure certain specific communication
links and reliably deny others. All of
these factors drive the need for faster,
flexible and more powerful DSP process-
ing resources.

FPGAs and Software Radio: A
Winning Team

For many years, hardware design en-
gineers have taken advantage of FPGAs
for connecting high-speed software ra-
dio peripherals like wideband A/D and
D/A converters, digital receivers and
communication links to programmable
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processors in embedded real-time sys-
tems. Figure 1 shows an example software
radio from Rockwell Collins, one of the
producers of the first Joint Tactical Radio
System (JTRS)-compliant software de-
fined radio communications system for
the U.S. Army.

FPGAs are especially well suited to
handle the clocking, synchronization,
and other diverse timing circuitry needed
to tame these specialized devices. In ad-
dition, FPGAs are excellent for data for-
matting tasks like serial-to-parallel con-
version, data packing, time stamping,
multiplexing and packet formation.

With shrinking die geometries and
other advances in chip technology, FPGA
silicon became much faster and denser.
But more importantly, the addition of
new high-performance DSP resources
marked a watershed event that dramati-
cally changed the architectural paradigm
of software radio systems. FPGAs are now
incorporated in software radio products
primarily for their digital signal process-
ing engines, thus stealing the spotlight
from the more mundane traditional roles
that they still serve admirably.

Third-Gen DSP Blocks

Without exception, the latest device
offerings from major FPGA vendors offer
second- or third-generation DSP blocks.
They include extended precision multi-
plier/accumulators, advanced arithmetic
units, logic engines and flexible memory
structures that can be tailored into block
memory, dual-port RAM, FIFO memory
and shift registers.

While these DSP capabilities of new

FPGAs are truly remarkable, several
other significant features add even more
benefits to software radio applications.

I Figure 1
FPGAs are ideal for connecting high-

speed software radio peripherals like
wideband A/D and D/A converters,
digital receivers and communication
links to programmable processors in
embedded real-time systems. Shown
here are some example software radios
from Rockwell Collins, one of the
producers of the first Joint Tactical Radio
System  (JTRS)-compliant ~ software
defined radio communications system
for the U.S. Army. The top image is a
prototype of a JTRS Airborne radio, the
bottom image is a prototype of a JTRS
Ground radio
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Embedded systems are about to take a major leap forward. Boards and systems
based on the VPX and VPX-REDI standards redefine the limits of performance
and ruggedization with unprecedented backplane I/O connectivity and greatly
improved thermal management. And Curtiss-Wright is right where you'd expect,
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An example platform solution targeting software radio designs is Pentek’s Model 7142 PMC module. Real-time DSP tasks such as
digital up- and down-conversion, modulation and demodulation, encoding and decoding, and other operations on the board are
performed using FPGA-based DSP resources.

Onboard serial gigabit transceivers and
channel coding/decoding engines sup-
port the emerging switched serial fabric
protocols that are quickly replacing con-
ventional parallel buses and backplanes
for high-speed inter-chip and inter-board
data transfers.

Other new features include onboard
programmable RISC processors that can
execute code for local supervision and
control functions, thus greatly reducing
the need for an external host processor.
These processors slash loop latencies to

systems. Finally, Ethernet MACs (me-
dia access controllers), incorporated as
I/O resources for the latest-generation
FPGAs, simplify TCP/IP communication
links to a wide range of host processors
and various operating systems.

deliver much tighter real-time control
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Uses for FPGA Resources in Software Radio
Systems

Interfacing to ASICs including A/Ds and

v D/As

v Digital down-converters (DDCs) and
digital up-converters (DUCs)

v Modulating and demodulating for precise
frequency spectrum utilization

v Encoding and decoding for complex
multichannel standards

v Encryption and decryption for secure
communication

v Signal identification and tracking using

FFTs and adaptive control loops

Receive and transmit beamforming
v for directional control and signal
enhancement

High-speed interconnects between

4 devices and between system components
v Localized high-level control using onboard
processors for autonomous operation
v Simplified communication to host
networks using onboard Ethernet MACs
Table 1

The current crop of FPGAS provides useful
connectivity and processing resources for
software radio. Listed here are ten key ways
that FPGA resources offer a direct benefit
for such systems.

New FPGA Device Examples

Competition for design wins is stron-
ger than ever, leading to an exciting race
among FPGA vendors for features that de-
liver maximum performance and specific
benefits. Winning this race, however, is a
complex and elusive goal. With so many
different types of resources—block RAM,
distributed RAM, DSP blocks, logic blocks,
microcontrollers, gigabit ports, I/O drivers
and pins and so on—balancing a single opti-
mum ratio is futile because each application
requires a different blend. For example, the
design engineer selecting the best part for
a logic-intensive application will avoid an
FPGA heavily burdened in cost and power
with a wealth of powerful DSP blocks. As a
compromise, vendors have developed multi-
pronged product offerings, each targeting
different classes of applications.

One example of such a family is the
Xilinx Virtex-4 FPGA. Unlike the previous
Virtex-1I Pro family, Xilinx has split the sev-
enteen Virtex-4 product offerings into three
subfamilies, each emphasizing distinct

Main Feature

strengths. For the recently announced
Virtex-5 family, there are a total of four
distinct subfamilies, but detailed infor-
mation on only the first of these has been
made public to date.

The Virtex-4 uses a 90 nm process
and a core voltage of 1.2V, while the Vir-
tex-5 shrinks the feature size down to 65
nm and drops the core voltage down to
1V. This allows an improvement in maxi-
mum clock speed to 500 and 550 MHz,
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respectively, while reducing power con-
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with carry-look-ahead functions. The
Virtex-5 uses 6-input LUTs instead of the
4-input LUTs in the Virtex-4, providing
additional logic functions, fewer levels of
logic for faster speed and less power due to
simpler routing.

Twenty different user-configurable
interface standards for the device I/O pins
offer flexible connections to a diverse range
of external hardware devices. New in the
Virtex-4 and continued in the Virtex-5 is

the active termination feature that not
only provides programmable termination
within the FPGA to drastically reduce the
number of external discrete resistors, but
also dynamically adjusts termination im-
pedance to track changes in drive levels
due to process, temperature and device
variations.
Source-synchronousinterfacesinclude
serializer/deserializer blocks that match
faster data rates on external data buses to

fiemovabie PMG Storane
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solution that enables the quick and easy removal
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slower, wider buses inside the FPGA to help
reduce power. Interfaces to a wealth of fast
external memory devices include DDR and
DDR2 SDRAM, QDR and QDR II SRAM
and RLDRAM II. These interfaces are
made easier with programmable clock and
data skew circuitry to match complex setup
and hold time requirements.

Digital clock managers allow differ-
ent regions of the FPGA to be operated at
different clock frequencies that can be syn-
chronized from various external clock ref-
erences. Frequency synthesizers with mul-
tipliers and phased-matched clock dividers
precisely align external timing signals with
data sources and destinations.

Different Mixes of Resources

All of the resources described so far
are available in all Virtex-4 and Virtex-
5 devices, but the ratio of these resources
differs significantly among the subfami-
lies. The LX subfamilies for the Virtex-4
and Virtex-5 deliver the most logic and
I/O. The Virtex-4 SX subfamily aims at
DSP with 512 XtremeDSP slices, and the
FX subfamily offers generous memory and
three other important resources found only
in FX devices. The first of these are onboard
IBM 405 PowerPC processor cores that can
be used as local microcontrollers to imple-
ment complete systems on a chip, often
eliminating the need for an external CPU
for high-level supervisory functions.

The second resource is a set of serial
gigabit transceivers capable of handling bit
rates up to 10 GHz and backed up with se-
rializer/deserializer logic. By configuring
these interfaces through available IP cores,
the FPGA supports popular high-speed se-
rial standards and switched serial fabrics in-
cluding Serial RapidIO, PCI Express, Fibre-
Channel, SATA, SONET, and many others.

The third resource unique to the FX
family is a set of 802.3-compliant Ethernet
media access controllers (MACs). These
support 10/100/1000 Base-x transmit/re-
ceive interfaces to system peripherals,
and are especially useful to the embedded
PowerPC processors as a standard commu-
nication link to the outside world. While
no Virtex-5 subfamilies beyond the LX de-
vices have been announced at this time, it
is logical to expect that enhanced versions
of these last three resources will be found
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on at least some of the future subfamily of-
ferings. Table 1 lists ten key ways that FPGA
resources offer a direct benefit for software
radio systems.

Software Radio Product Example

Harnessing these resources for a high-
performance software radio product illus-
trates the usefulness of the subfamily dif-
ferentiation. The product shown in Figure 2
is the Model 7142 PMC module suitable for
use in many different types of embedded
computer systems, including PCI, VME and
CompactPCI card cages. The new XMC ex-
tension to PMC defined by VITA 42 offers
Gbit serial links supporting the new popu-
lar switched fabric protocols.

Four 125 MHz 14-bit A/D converters
and one 500 MHz 16-bit D/A converter pro-
vide analog IF (intermediate frequency) sig-
nal interfaces to external analog RF up- and
down-converters and RF amplifiers for ulti-
mate connection to the antenna. Real-time
digital signal processing tasks such as digital
up- and down-conversion, modulation and
demodulation, encoding and decoding, and

other operations are often all performed
using FPGA-based DSP resources.

As a PMC module, a PCIbus inter-
face must be provided along with DMA
controllers and FIFO buffers to move
data efficiently between the PCI bus and
the many peripherals on the module. As
an XMC module, the unit must include
gigabit serial transceivers and some facil-
ity for implementing a serial fabric and/
or protocol.

Delivery of the Model 7142 was re-
quired prior to Virtex-5 device availability,
so the Virtex-4 family was chosen to meet
the module requirements. Since only the
versatile FX subfamily provided all of the
necessary features, it becomes an obvious
choice for this product. Nevertheless, the
FX family is quite limited in DSP capabil-
ity compared to the SX family. Even the
largest member of the FX family has only
the same number of XtremeDSP slices as
one of the smaller SX devices. Since cus-
tomer access to ample DSP horsepower
was a critical factor, an SX55 device was
added to the PMC module, significantly
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boosting the total quantity of DSP slices
from 192 to 704.

Because software radio technology
drives such a diverse array of commercial,
industrial, military and government elec-
tronic systems, the new features and inher-
ent flexibility afforded by FPGAs deliver an
excellent solution. The increasing quality
and quantity of IP core offerings for highly
optimized algorithms, interfaces and proto-
cols help embedded board vendors shorten
their time-to-market, and help systems
integrators add critical functions to these
FPGA-based products for specialized turn-
key applications. EDA tool vendors race to
digest and tame the increasing complex-
ity of these new hardware offerings, and
compete with each other in reducing de-
sign time, improving design integrity, and
maintaining portability to next-generation
devices. 11
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FPGAs Cater to a
Diverse Set of Military Needs

FPGAS are becoming essential building blocks in the implementation of many diverse
military applications. Meeting the broad and unique demands of the military market is a

challenge for FPGA vendors.

Amr El-Ashmawi, Strategic Customer Manager
Military/Aerospace Business Unit, Altera

ilitary applications where pro-
IVI grammable logic is key span a di-

verse range, including handheld
radios, heads-up displays, battlefield sen-
sors, unmanned air and ground systems,
multi-function radar and electronic
warfare systems, tactical and strategic
missiles. They are also used in large air-
craft with subsystems such as electronic
warfare, radar and communications. All
these widely differing applications have
fundamental requirements based on the

functions and operational environment
of the electronics system. As a result, the
military electronics sector can’t be viewed
as a single sector, but rather many with
some important things in common.

No one family of FPGAs can fit all
military contractors’ design needs. The
range of requirements is very broad. Sup-
pliers can cater to one specific segment
with a single product offering, but what
is desired by prime DoD contractors is a
diverse offering of FPGAs meeting the re-
quirements for a range of military applica-
tions. The mix should include high-den-
sity, high-performance devices as well as

FPGA
Channel
Decoding

Receiver
ADC

FPGA
Channel
Coding

Transmitter
DAC

Figure 1

FDR Modum Using Low-Power, Low-Cost FPGAs

Source
Decoding
(DSP)

Source
Coding
(DSP)

Because most military software radios are battery powered, FPGAs must be sensitive to
power requirements. They must also be cost-sensitive since military radios are needed in
relatively high volumes. Shown here is an example of a software defined radio design using
low-cost, low-power FPGAs.

low-cost, low-power devices. Meanwhile,
combining varying device types with a
structured ASIC that provides a manufac-
turing path from design-to-production
process reinforces the value this market
segment requires. Using structured ASICs
in production volumes can add another
level of robustness while reducing cost,
lowering power requirements, adding se-
curity to mitigate IP tampering, as well as
increasing performance.

Software Radio Requirements

Take for example the challenges
in designing programmable logic into
handheld, combat radios. These systems
merge the needs for high-speed, multi-
waveform processing while operating
on a single battery charge with 48-hour
operation requirement. An FPGA able to
process numerous waveforms such as Sol-
dier Radio Waveform (SRW) and Wide-
band Networked Waveform (WNW) is
required, but it must also be able to man-
age the low power requirements of the
application as well as be cost-effective at
projected system volumes.

The right FPGA for the task must be
sensitive to power requirements since it is
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RADAR System Using High-Performances High-density FPGAs
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Figure 2

In military radar systems, the trend is toward moving processing closer to the radar antenna
where pre-processing and high speed on-chip processing of the data signal is required.
Implementing both on a single device could increase the risk of device failure. Partitioning
tasks in two different devices ensures lower risk for thermal dissipation and flexibility.
Today’s FPGAs provide DSP capabilities plus high-speed 1/0s capable of 6 Gbits.
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battery powered. It must also be cost-sen-
sitive since military radios are needed in
relatively high volumes. Figure 1 shows an
example of a software defined radio design
using low-cost, low-power FPGAs.

While low-cost, low-power FPGAs fit
the military software radio market seg-
ment, that class of device is limited in
processing and performance for other
military applications such as radar, imag-
ing systems, ballistic Aegis systems and
strategic missile systems. Those applica-
tions require a full-featured device with
prodigious digital processing power and
high density allowing execution of large,
complex algorithms. The requirements for
signal processing in pre-processing (next
to the antenna) and post-processing (for
rapid reaction) combat the information
requirements. Arrays of high-performance
FPGAs, employing embedded transceiv-
ers that allow data on and off the device
quickly, are often used in these sophisti-
cated applications.

Focus on DSP

Radar systems demand large amounts
of DSP power supplied by FPGAs, espe-
cially when used in target tracking and
designation. These systems provide posi-
tion and velocity with respect to the radar
unit. In some advanced systems it is even
possible to determine the shape of the ob-
ject being tracked. The military requires
all-weather, day-and-night imaging sen-
sors for supplying reconnaissance, surveil-
lance and targeting information.

Current design efforts bring the pro-
cessing closer to the radar antenna where
pre-processing and high-speed on-chip
processing of the data signal is required.
Implementing both on a single device
could increase the risk of device failure.
Partitioning tasks in two different devices
ensures lower risk for thermal dissipation
and flexibility. Today’s FPGAs provide the
military systems designer with DSP capa-
bilities plus high-speed 1/Os capable of 6
Gbits per second. Figure 2 shows a block
diagram of a military radar system based
on high-density FPGAs.

In electronic warfare, the military
must suppress enemy air defenses to ac-
complish its objectives and survive. The
military achieves this by using specialized
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Critical Requirements for
Military FPGA Users

v Areliable supply chain

<

State-of-the-art packaging

v/ Device offerings for multiple
market segments

v/ Military temperature support
v/ Die business support

v Timely product EOL
notifications

v/ Obsolescence protection
v Anti-tampering design security

Table 1

As FPGAs become ever more critical for
military system designers, chip suppliers
must meet a complex set of needs particular
to the defense market.

aircraft to neutralize, destroy, or tempo-
rarily degrade enemy air defense systems
by either physical attack or electronic
warfare (EW). Specially equipped aircraft
temporarily suppress enemy air defenses
by transmitting electronic signals that dis-
rupt enemy radar and communications.

Other specialized aircraft use anti-
radiation missiles that hone in on enemy
radar that supports surface-to-air mis-
siles and anti-aircraft artillery systems by
physically degrading or destroying them.
FPGAs are used in these specialized air-
borne systems to provide essential process-
ing power for these demanding situations.
These FPGAs also include software pro-
ductivity tools to help ensure production
schedules for the applications are met. A
methodology of reuse also ensures mili-
tary algorithms previously developed can
be effectively reused, resulting in signifi-
cant cost savings.

Unique Demands of Military FPGA
Users

Because military prime contractors
have essentially a single customer—the De-
fense Department—they face clearly differ-
ent electronics purchasing and application
design requirements from the commercial
sector. Among the challenges military con-
tractors face is acquiring mil-grade FPGAs
from an industry where the main empha-
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sis is decidedly not military applications.
In fact, the military represents less than 1
percent of North American semiconduc-
tor sales. As a consequence, the military
does not have much leverage with FPGA
vendors to address its specific needs. These
needs include eliminating the risk of de-
vice failure or underperformance in harsh
operating environments, highlighting
reliability and productivity concerns, se-
curity and device lifecycle questions, and
overall access to technology to maintain
operational advantages over potential op-
ponents.

Reliable service in extremely de-
manding operational environments typi-
cally requires operational specifications
between -55° to 125°C, in high altitude,
high and low humidity, during extreme
vibration and shock, and in potentially
corrosive conditions. Another aspect of
reliability is device packaging. The com-
mercial market is racing toward environ-
mentally friendly lead-free packaging.
However, using RoHS-compliant devices
can adversely affect device reliability in
some military applications. Addition-
ally, extended end-of-life (EOL) solu-
tions are needed for military applications
with 10-plus years of product use desired.
Comparatively, the shelflife of most com-
mercial devices is only 2-3 years. Military
contractors need a significantly improved
solution over any commercial supply
scenario. Table 1 lists the essential needs
particular to military users of FPGAs.

FPGA vendors must engage and ad-
dress morerecent criteria developed by the
Aerospace Qualified Electronics Compo-
nents (AQEC) working group. They have
produced the GEIA-STD-0002-01 stan-
dard, scheduled for release in the near fu-
ture. FPGA vendors must apply the GETA
standard as part of an approach that pro-
vides military industry access to products
at an acceptable cost while addressing the
added requirements listed above. Clearly,
going well beyond traditional commer-
cial-grade requirements should be the
future direction. 1l
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DSP Pipeline Scheme Enhances
FPGA System Performance

Getting the most out of an FPGA-based military system design is no straightforward
matter. Using a DSP pipelined system architecture helps exploit the full capabilties of
today’s FPGAS.

Ramon Mitchell, Principal Engineer
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applications. Today, system architects can DSP algorithms.

use a more hardware-oriented approach
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Inthis typical DSP system made up from FPGA devices and DSP processors, the time taken
for data to propagate through the system is made up of processing time (Tproc) and time
taken to move data from one node to another (Tmove).

by integrating leading-edge FPGAs with
high-performance CPUs to handle high
data throughput and tight performance
budgets while preserving the ability to
improve functionality over time.

FPGA technology is capable of per-
formance boosts for certain types of data
processing, which are orders of magni-
tude beyond those possible from general-
purpose processors. It’s no wonder that
systems designers throughout the mili-
tary and aerospace market are looking to
FPGA technology as the silver bullet that
will make all things possible.
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Roadblocks to FPGA Adoption

But if adoption of FPGA technology
is not yet as widespread as might be ex-
pected, there are good reasons. To really
leverage the power and capability of an
FPGA, three distinct skill sets are re-
quired. The first is the domain expert—
the source of knowledge about the ap-
plication, and the problem to be solved.
The second is the mathematician—the
source of expertise in developing and
delivering fast, efficient algorithms. And
the third is the FPGA expert—the source
of the understanding it takes to trans-
late the requirement and the algorithm

Pipelined DSP
Implementation
Using FPGAs

The diagrams shown here illustrate how
the FPGA reconfigurable DSP pipeline could be
used to maximize system throughput in a typical
DSP-oriented scenario. The example shows an
IP support infrastructure with two IP sockets and
three memory banks. During each of the frame
times shown, four simultaneous operations are
performed at once.

Frame Time 1

In frame time 1 it has been assumed that
data has been preloaded into one bank of SRAM
and that the previous frame time has completed
its operation on the data in another SRAM bank.
The following four operations are performed
simultaneously:

1. The next frame of data can be transferred us-
ing a dedicated DMA engine from its source
into a free bank of SRAM.

2. The last frame of data on which all the
pipelined operations have been performed
can be transferred out using a dedicated
DMA engine to its destination.

3. Socket 1 is being re-loaded with a new IP
core to provide FIR functionality.

4. Socket 2 is running an FFT algorithm on a
previously loaded frame in a separate SRAM
bank, under the control of the user CPU.

Frame Time 2
The following four operations are performed
simultaneously:

1. The next frame of data can be transferred us-
ing a dedicated DMA engine from its source
into a free bank of SRAM.

2. The last frame of data on which all the
pipelined operations have been performed
can be transferred out using a dedicated
DMA engine to its destination.

3. Socket 1 is running an FIR algorithm on
the frame loaded in frame time 1, under the
control of the user CPU.

4. Socket 2 is being re-loaded with a new IP
core to provide DDC functionality.
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Figure
I Shown here is an IP support infrastructure with two IP sockets and three memory banks. During each of the frame times shown
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Frame Time 3
The following four operations are performed simultaneously:

1. The next frame of data can be transferred using a dedicated DMA

engine from its source into a free bank of SRAM.

2. The last frame of data on which all the pipelined operations have
been performed can be transferred out using a dedicated DMA
engine to its destination.

3. Socket 1 is being re-loaded with a new IP core to provide FFT
functionality.

4. Socket 2 is running a DDC algorithm on the frame loaded in frame
time 2, under the control of the user CPU.

Frame Time 4
The following four operations are performed simultaneously:
1. The next frame of data can be transferred using a dedicated DMA
engine from its source into a free bank of SRAM.
2. The last frame of data on which all the pipelined operations have
been performed can be transferred out using a dedicated DMA
engine to its destination.

3. Socket 1 is running an FFT algorithm on the frame loaded in
frame time 3, under the control of the user CPU.

4. Socket 2 is being re-loaded with a new IP core to provide FIR
functionality.

One of the key benefits of this approach is that multiple tasks
can be performed simultaneously. One of the inherent problems with
using FPGA technology in a heterogeneous system is the issue of
streaming the dataflow from different parts of the system without
wasting valuable processing time. This architecture allows data
streaming both in and out of the FPGA while maintaining the ability
to operate on pre-loaded data at full speed. This is possible because
of the support provided by the FPGA embedded processors, which
when linking with dedicated DMA engines provide an excellent
resource for traffic/data management. In this way it is possible to
avoid the typical processor bus bottleneck that encumbers so many
alternative architectures.
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into something the FPGA can execute at
maximum speed.

It goes without saying that those
three skill sets rarely, if ever, exist in the
same individual. Moreover, the interac-
tion between what are likely to be three
experts in translating the problem into
the solution is likely to be inherently inef-
ficient and cumbersome.

For the industry to truly derive the
full benefit from the potential of FPGA
technology and still be able to deliver
timely solutions, a way needs to be found
of easily harnessing what FPGA silicon
can do—a way that ideally, if theoreti-
cally, would allow the domain expert to,
in effect, create an effective, efficient sys-
tem without needing recourse to either
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the mathematician or the FPGA guru.

So what are the alternatives? The
way things stand, the tools exist that
would enable, for example, the FFT to
be easily executed on a PowerPC. The
problem is, the PowerPC lacks the nec-
essary horsepower. The FPGA has the
requisite horsepower—but putting in
place the infrastructure necessary to
enable it to run is, today, an inordi-
nately complex and time-consuming
process. What is needed are system
solutions—beyond those that are rou-
tinely provided by the FPGA vendors,
and beyond even the software develop-
ment kits that FPGA resellers typically
deliver—that make the power of FPGA
technology accessible to developers
who are not familiar with the intrica-
cies of FPGA programming.

FPGA Reconfigurable DSP
Pipeline

One possible approach is a precon-
figured “pipelined DSP FPGA proces-
sor” that is programmed using famil-
iar software programming tools and
requires little detailed knowledge of
FPGA design fundamentals. The block
diagram in Figure 1 illustrates what this
might look like.

The FPGA reconfigurable DSP pipe-
line would comprise a preconfigured IP
support infrastructure. The infrastruc-
ture would be built around an embed-
ded PowerPC system encompassing two
embedded processors and a number of
“IP sockets,” which can be loaded with
one of a selection of FPGA-optimized
DSP algorithms. This is done using par-
tial reconfiguration techniques, under
the control of the socket manager, im-
plemented using one of the embedded
PowerPC processor cores. Each socket
can be loaded independently with-
out affecting the run-time operation
of the other sockets or the rest of the
FPGA. The other PowerPC processor
core would be available to the applica-
tion software to control and manage the
overall application.

Each IP support infrastructure
would support multiple memory banks.
Each memory bank can be accessed by
all the sockets through a multi-port
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DMA memory controller, facilitating
simultaneous operation of all memory
banks and allowing one bank to load
the next frame of data; a second bank
to read out the last frame of data; and
the remaining banks to be operated on
by the algorithms loaded into the IP
sockets.

A range of IP support infrastruc-
tures would be available that would al-
low the use of a small number of larger
IP sockets or a larger number of smaller
IP sockets. The memory banks may
also be configured to assign multiple
banks to IP sockets requiring larger
frame sizes.

Part of each of these infrastructures
would be dedicated to managing data-
flow. This would be done under the con-
trol of the user CPU, but actually man-
aged by the socket manager. The socket
manager would direct the operation of
an array of DMA engines that link the
very high-speed off-chip I/O with each
memory bank. In this way, the embed-
ded processors would orchestrate the
DSP pipeline operation, pulling data in
before it is needed and pushing data out
when it has been finished with.

Thelibrary of FPGA-optimized DSP
algorithms would be stored as FPGA bit
images in an off-chip flash memory de-
vice. The library would consist of all the
typical DSP-orientated functions (FFTs,
FIRs, convolutions/correlations, etc.)
and a number of the more specialized
functions (QR decomposition, Cholesky
decomposition, etc.). A variety of cores
for each function could be provided to
enable the full range of options. Each
core is also likely to provide a certain
amount of configurability to reduce the
total number of cores required. These
cores could be loaded into the IP sockets
using partial reconfiguration techniques
under the control of the PowerPC socket
manager.

It would also be possible for bespoke
functions to be pre-implemented and
included in the library. These functions
may have been modeled in the Matlab or
C environment and then ported into the
FPGA domain using specialized tools
that are being developed by the FPGA
vendors.

Thus, the FPGA reconfigurable DSP
pipeline would be reconfigurable at three
levels:

«IP support infrastructures — choose
from a variety of preconfigured op-
tions

+ IP sockets — choose from a library of
optimized FPGA implementations

« IP configuration — each IP block can be
configured within certain constraints

Main Feature

Each of these can be changed dy-
namically by the user PowerPC CPU.

The user PowerPC CPU would re-
main a fixed feature of the FPGA re-
configurable DSP pipeline. Code can be
developed and debugged using industry
standard tools and the processor is capa-
ble of running an RTOS (e.g., VxWorks).
The board can be run as a stand-alone
DSP node, or it can be incorporated into
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Main Feature

The FPGA reconfigurable DSP pipeline represents one possible way of making

the power of FPGA technology available to a DSP engineer who is unfamiliar

with working in the FPGA development world.

a higher-level DSP system management
tool suite, such as Radstone’s AXIS Ad-
vanced Multiprocessor Integrated Soft-
ware development facility. The sidebar
“Pipelined DSP Implementation Using
FPGAs” illustrates how the FPGA recon-
figurable DSP pipeline could be used to
maximize system throughput in a typical
DSP-oriented scenario.

Additional Advantages

Being able to implement more of the
various functions within a single device
has a number of other advantages that
should be considered. These advantages
are mainly due to the reduced transpor-
tation of data between functional nodes.

Figure 2 shows a typical DSP system made
up from FPGA devices and DSP proces-
sors. The time taken for data to propa-
gate through the system is made up of
processing time (Tproc) and time taken
to move data from one node to another
(Tmove). Although these two operations
can be performed at the same time, for
a system that has double buffered frame
storage at each node, the overall latency
is calculated by adding all these frame
times together.

Using the pipelined FPGA system
described in this article, all the transpor-
tation times (Tmove) are removed from
the calculation because the data stays in
the same memory devices and the FPGA

Innovative
Integration
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is reconfigured to be able to perform the
next required function. The system la-
tency is reduced by a factor of approach-
ing 50% for large systems.

As well as reduced latency, this ap-
proach consumes less of the available
backplane bandwidth and requires less
actual hardware to perform the same
functions. This means reduced cost,
power and space requirements, which
could be used for additional functional-
ity in the system. It should also be noted
that Tproc3 in the FPGA implementation
is likely to be less than Tproc3 in the pro-
cessor implementation.

Reconfigurable Implementations

The FPGA reconfigurable DSP pipe-
line represents one possible way of mak-
ing the power of FPGA technology avail-
able to a DSP engineer who is unfamiliar
with working in the FPGA development
world. Some exciting new technologies,
including FPGA partial reconfiguration,
multi-port DMA engines and algorithm
to RTL toolsets, are pulled together by the
proposed approach to provide the DSP
engineer with a hugely powerful and flex-
ible DSP Engine.

Beyond providing FPGA DSP ca-
pability to a developer unfamiliar with
FPGA fundamentals, the approach also
allows reconfiguration so that the pipe-
line can be optimized for various appli-
cations: this can be changed dynamically
by the software to be a different pipeline
as and when appropriate. Another key
benefit of this approach is the ability to
stream data in and out of the FPGA with-
out impacting the raw performance of the
embedded algorithms. 1l

Radstone Embedded Computing
Billerica, MA.

(800) 368-2738.
[www.radstone.com].
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Signal Processing Options

FPGAs Boost Processing
Capabilities of Complex Signal
Environments

Commercial hardware featuring multi-channel A/D converters with scalable FPGA-based
processing systems permit the design and fielding of demanding real-time signal processing
systems, while adhering to strict SWAP constraints.

Craig Petrie, Product Manager
George Carr, Senior Systems Engineer, Nallatech

ncreasingly, complex modern signal
I environments are placing greater de- 1 1 1 1
mands on signal processing systems azit | 1201 Rl Mo
employed across a variety of Command, ADC  ADC ADC  ADC
Control, Communications, Computers, I I 0SC I I
Intelligence, Surveillance and Reconnais-

sance (C4ISR) applications. The chal-
lenges of reducing the size, weight and

power (SWAP) properties of new sensor [ i1
systems, while also improving band- [ 1 m
width, signal fidelity and efficiencies in [ | XILIN);;’:;TEX"‘ i1l
spectrum usage, are forcing military sys- [ | il
tem designers to reassess selection of sys- [ | il f‘ﬂ‘f:’:'ﬁ:"
tem architectures and technology. [ | il DO2DAPETIAL
The use of complex sensors and
. - -
processing of the data produced are key DDA DORU
elements of successful embedded de- SRAM SRAM

fense systems such as radar and software
defined radio (SDR). The clear aim of
complex sensor systems is to sense faster, l Figure 1

more accurately, over a wider range of 02 o1y converter Xilinx Virtex-4 FPGA modle.
conditions and with guaranteed levels of
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reliability. Such requirements force sys-
tem designers to incorporate a variety of
complex sensors in greater numbers.
Until relatively recently, the first
stages of radar signal processing systems
were performed in the analog domain.
The trend has been to move the A/D
converter closer to the radar antenna in
the signal processing chain and perform
more processing in the digital domain.

Digital hardware offers robust system
stability, flexibility in waveform and fil-
ter design, the ability to develop adaptive
processing algorithms and an effective
upgrade path.

As front-end radar signal processing
functions move into the digital domain,
the signal processing requirements of
the digital hardware increase dramati-
cally. This increase is driven by the direct
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sampling of analog data streams at rates
well into the GHz range. The increased
sampling rates and increasingly complex
signal environments force more com-
plex front-end algorithms, such as digital
up/down conversion and filters, which
further drive computational require-
ments of the digital processing engines.
FPGA-based systems are well suited to
meet the SWAP and environmental con-
straints as signal processing systems are
fielded on rugged platforms ranging from
armored vehicles to UAVs.

FPGA-Based Digital Signal
Processing

The general complexity of input
signals and increased data rates result
in a substantially greater processing
requirement that exhausts the capabil-
ity of traditional processing technolo-
gies such as DSPs. Such limitations have
been well documented in recent years,
with alternative technologies and signal
processing techniques proposed to alle-
viate the processing bottleneck. During
this time, FPGAs have rapidly gained
acceptance in military defense applica-
tions as a preferred processing technol-
ogy. They are well suited for very high-
speed parallel multiply and accumulate
functions and are therefore an ideal
processing device for DSP operations
such as Fast Fourier Transforms (FFTs),
Finite Impulse Response (FIR) filters,
digital down-converters (DDCs), digi-
tal up-converters (DUCs), correlators
and pulse compression.

The transition of FPGAs from a “dis-
ruptive technology” to the technology of
choice for many new military programs
has reshaped the competitive landscape
of commercial hardware and software
solutions used in military applications.
An ecosystem of new companies offering
FPGA solutions and professional design
services has flourished, while established
players with product portfolios built
around RISC processor technologies have
evolved their product offering to include
both DSPs and FPGAs.

Building Compact Sensor
Processing Systems Using FPGAs
The Xilinx Virtex-4 family of FPGAs
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boasts computational density and high-
throughput capabilities that allow the
placement of the processing engine to
be integrated with the A/D converter
front-end. This permits immediate pro-
cessing of the digital data with a number
of significant advantages. These include
processing raw sensor data in real time,
the ability to operate DSP algorithms
at appropriate arithmetic word lengths,
superior SWAP properties compared to
RISC processors, the ability to scale the
number of input channels with relative
ease and the ability to distribute complex
DSP algorithms over multiple FPGAs.

The power and density savings of
FPGA-based digitization and processing
systems allow military design engineers to
build embedded systems with one to four
FPGA cards that would typically require
hundreds of DSP or PowerPC/Altivec pro-
cessors partitioned across multiple racks.
Distributing the digital data from an A/D
converter to hundreds of PPCs in a VME
system can be the bottleneck to building
a complicated processing system. The re-
duction in the number of processing de-
vices achievable using FPGAs and the use
of multi-gigabit connections help solve
the data distribution issue.

A DSP-based radar processing sys-
tem built with the goal of capturing and
processing a 100 MHz bandwidth may
need a sampling rate of 250 MHz with a
12-bit sample. Transmitting the sample
data in chunks to a farm of 100 PPC pro-
cessors can max out even a robust inter-
connection network. Often, this sample
data becomes 8 bytes as it is processed in
an FFT or other transform. Feeding the
transform output to other downstream
processing devices can be tougher than
getting the sample data to the hundreds
of processors to begin with. The resul-
tant product out the back-end can be
several orders of magnitude less than the
digital data rate coming in, but the pro-
cessing system must be built to handle
multiple gigabyte/s networks required by
the number of discrete processors in the
system.

An equivalent radar processing sys-
tem built using commercial FPGA hard-
ware and IP cores from Nallatech illus-
trates the benefits of sensor processing

Tech Recon

Figure 2

VITA-41 carrier card supporting eight A/D converter channels directly coupled to four

Xilinx Virtex-4 FPGASs.

systems featuring multiple A/D converters
with attached scalable FPGA-based archi-
tectures.

The Nallatech BenADC DIME-II
module featuring four A/D converters
directly coupled to a Virtex-4 FPGA can
digitize four analog inputs at the rate of
250 Msamples/s at 12 bits (Figure 1). The
onboard Virtex-4 FPGA handles much of
the front-end data processing that would
have been dealt with by multiple PPCs
in the previous configuration. A Virtex-
4 1LX160 FPGA implementing floating-
point FFTs can process sensor data at a
rate of approximately 40 GFLOPs/s while
consuming only 15W.

A/D converters can be added to the
system to accommodate additional input
channels by populating another BenADC
module onto the VITA-41 DIME-II car-
rier card (Figure 2). This example con-
figuration illustrates the use of eight A/D
converter inputs and external clock inputs
directly coupled to each of the Virtex-4
BenADC FPGAs. The VITA-41 carrier
card supports three module sites, provid-
ing the system designer with the luxury
of additional FPGA processing resources
or memory depending on the complex-

ity of the signal environment. The result
is a much simpler architecture requiring
orders of magnitude less power, cooling,
weight and cost.

The latest generations of commercial
hardware featuring multiple A/D convert-
ers with scalable FPGA-based processing
systems permit the design and fielding
of compact systems to handle both the
increased data load and processing re-
quirements of today’s complex sensor
processing systems. Front-end processing
using FPGAs tightly coupled to multiple
A/D converter channels can dramatically
reduce the amount of data that must be
transmitted across a system. Complex
real-time processing applications such as
radar, SDR and signal characterization
can be processed within the FPGA fabric
at close proximity to the sensor, resulting
in a significant simplification of system
architecture while improving overall per-
formance. 1l
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Signal Processing Options

Selecting Architectures for
Signal Processing in Military
Applications

When it comes to signal processing, choosing the appropriate application partitioning
as well as the right combination of devices depends on both technology and economical

criteria.

Ram Sathappan, Software Defined Radio
Business Manager, Leon Adams, Catalog DSP
Marketing Manager, Texas Instruments

eal-time signal processing is a
Rdriving element in the evolution
of many military applications,
such as software defined radios, weap-

ons navigation systems and early warn-
ing radar systems.

Each of these applications works
with a signal or stream of data. Process-
ing these signals in the digital domain of-
fers significant advantages over working
with analog signals. Digital signals main-
tain their integrity over longer distances
than analog signals and can also be pre-
cisely reproduced without degradation.
Additionally, working with signals in the
digital domain simplifies enhanced signal

Figure 1

SDR System Block Diagram

DSP functions GPP functions

o TX - FEC encoder, interleaving, o Network processing
modulation o Application processing

® RX - Equalizer, Channel estimation, o User Interface/Control
Demodulation, de-interleave, etc.

FPGA/ASIC functions

® Pre-processing of IF data

e Digital Up/Down conversion

o Forward Error Correction Decoder

An example SDR system block diagram implements multiple architectures, including
ASIC, FPGA, general-purpose processor (GPP) and DSP.
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processing, adjustment of resolution or
bit rate and movement between different
codec formats to increase device interop-
erability. Execution of effects, such as au-
dio echo cancellation and noise reduction
algorithms, is also facilitated by digitally
processing signals.

Signal filtering and cleanup is also
simplified when working with digital, as
filtering analog signals requires closely
matched and expensive components
whereas digital filtering is implemented
in flexible code. Furthermore, improving
digital signal quality or channel density is
a matter of increasing the performance of
the processor, and programmable proces-
sors, such as DSPs, enable developers to
continually improve quality without re-
designing hardware.

Developers have a variety of archi-
tectures to choose from when develop-
ing digital signal processing applications.
Embedded systems generally use four
different types of advance processing de-
vices to execute digital signal processing:
ASICs, FPGAs, general-purpose proces-
sors (GPPs) and DSPs. When selecting
architectures for military applications, de-
velopers must balance cost, power, perfor-
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Decision Table for Designers of Real-Time Applications

u’:&;‘: Performance Price
ASIC Poor Excellent Excellent
DSP Excellent Excellent Good
FPGA Good Excellent Poor
GPP Good Good Fair

Table 1

D e Power Fea'tqr.e Summary
Ease Flexibility
Fair Good Poor Fair
Excellent Excellent ~ Excellent Excellent
Excellent Poor Good Fair
Good Fair Excellent Good

The criteria used to evaluate these different architectures in real-time applications such as
signal processing are listed across the top, according to the importance of the criteria and the
effectiveness of individual choices in meeting those criteria.

mance, flexibility and reliability to meet
the demands of their mission-critical op-
erations. For each architecture, there is a
different set of tradeoffs (Table 1).

Picking the Right Foundation
Architecture

With ASICs, like FPGAs, develop-
ers can tune all the different parameters
of the processor to meet the needs of the
design, offering high application-specific
performance. ASICs can achieve decent
power efficiency when the design is tar-
geted for low power. Also, standard cell
logic gates with no overkill or underkill
are the most efficient and smallest semi-
conductor chip size, thus likely to offer
a low recurring price. ASIC commoditi-
zation can also drive down the price per
gate of ASIC chips.

It is important to note that, by their
nature, these devices take a unique ap-
proach to a target application so they
are very limited in flexibility. The de-
velopment cycle is long and expensive,
typically running more than $1 million
in non-reoccurring engineering (NRE)
charges. If any design parameters change
in the development cycle, the entire ASIC
must be respun, a process that can con-
sume additional months and significant
additional NRE costs.

FPGAs can be optimized for specific
applications and provide powerful per-
formance without the delays and costs
associated with respinning an ASIC.
FPGAs also offer more flexibility than
ASICs and can be field-reconfigured for
additional features or changes. Develop-
ers should consider the fact that hardware

reprogramming of an FPGA can be sig-
nificantly more difficult than software
programmable solutions. FPGA devices
come with a price premium, which is
a factor when developing high-volume
applications. Due to FPGA circuit tech-
nology, as well as the overhead power of
unused gates in the array, FPGAs are not
very power efficient.

GPPs offer programmability and
therefore flexibility, allowing faster de-
velopment cycles for the desired function
versus ASICs. With proper use of high-
level programming and/or use of stan-
dard code modules, development time
can be cut significantly, thus saving in
development cost.

GPPs are often not oriented toward
embedded applications, focusing instead
on general computer purposes such as
database management and protocol pro-
cessing. They typically are not efficient
in multiply/accumulate-intensive digital
signal processing applications. In order
to keep silicon costs down for these ap-
plications, GPPs typically offer a moder-
ately efficient multiplication instruction
that takes several cycles to complete. In
addition, adding the result of each mul-
tiplication requires another instruction.
This ultimately limits the performance
and power efficiency of the GPP.

DSPs are optimized for signal pro-
cessing applications and offer many ar-
chitectural features that reduce the num-
ber of instructions necessary for efficient
signal processing. In other words, com-
paring performance is much more than
counting instructions. What really needs
to be measured is how much work is
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actually done. For example, the VLIW
architecture of TT’s TMS320C64x gen-
eration of DSPs can initiate up to eight
operations per clock cycle and execute
up to eight 16-bit multiply/accumulates
per cycle.

Integrated specialized compute en-
gines increase performance by executing
complex functions in hardware. DSPs
are also optimized for specific applica-
tions by providing a balanced mix of
performance, integrated peripherals and
on-chip memory. The programmable
flexibility of DSPs enables developers to
implement complex algorithms in soft-
ware. Not only can a DSP support a video
codec like MPEG-2 and easily handle dif-
ferent resolutions with a simple software
upgrade, it can implement emerging co-
decs and standards as they arise without
a hardware redesign. The same DSP can
also include software defined radio (SDR)
modem processing.

Combining Architectures to
Actualize Complex Designs

As systems become increasingly
complex, developers are turning to mul-
tiple architectures to meet their design
needs. For example, the Joint Tactical
Radio System (JTRS) program for devel-
oping next-generation military commu-
nication devices envisions the use of SDR
technology with standardized hardware
to support a varied range of voice, data
and wideband networking waveforms, or
protocols, used in military radios.

To achieve abalance between reduced
costs, lower power consumption and the
support of multiple waveforms, the right
combination of GPPs, DSPs, ASICs and
FPGAs is needed for baseband, network-
ing and application processing. For ex-
ample, an SDR system block can imple-
ment multiple architectures (Figure 1).

For the processing of the physical
layer in SDR systems, a combination of
high-performance logic and digital signal
processing is needed to support the dif-
ferent methods of digital up/down-con-
version, modulation and demodulation.
Digital up/down-conversion can be pro-
cessed using ASICs in the case of single-
protocol radios for best-in-class cost and
power, but in SDR systems supporting

Tech Recon

multiple waveforms, this requires flexible
logic and thus involves the use of FPGAs.
The dynamic real-time processing of the
DSP then takes over from the FGPA in
implementing modulation and demodu-
lation of the signal.

The system of error control for data
transmission in wireless modems, called
forward error correction, can be imple-
mented in either DSP or hardware gates,
depending on the type of encoding/de-
coding algorithms used. For example,
Reed-Solomon encoding and decoding
algorithms, along with encoding for con-
volutional and turbo codes, can be pro-
grammable and is better implemented
on DSPs for best cost/power benefits.
The more complex, cycle-intensive tech-
niques, such as decoding convolutional or
turbo algorithms, are best implemented
using hardware gates, such as an ASIC or
an FPGA.

The media access control (MAC)
layer for network processing involves
encoding and decoding packets into bits
and transmission to and from the net-
work interface as well as flow and con-
flict management of data packets within
a channel. This networking processing
requires an RTOS and involves a lot of
control functions. The best processing el-
ement to implement MAC functions, as
well as the memory management needed
in RTOS, requires GPPs or microproces-
sors/controllers.

Thus an optimal combination of
GPP, DSP, ASIC and FPGA components
defined by the critical parameters of
power, performance and cost are a neces-
sity in real-time signal processing systems
for military applications such as software
radios. 1l
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Signal Processing Options

FPGAs and DSPs
Make a Complete Signal
Processing Solution

The best solution for military signal processing applications is a hybrid architecture that
takes advantage of the strengths of both FPGAs and DSPs.

Jeffry Milrod, President and CEQ
BittWare

year, the question of whether FPGAs
will replace DSPs in various applica-
tions, including signal processing, has
been posed ad nauseam. Although this
may be an interesting topic of discussion,
the truth remains that DSPs and FPGAs
are, in fact, very different technologies
with different strengths and weaknesses.
FPGAs can be very good at solving well-
defined, high-speed, repetitive problems.
DSPs are better at implementing highly
complex algorithms as well as applica-
tions that involve some sort of decision-
making, adaptive processing or algo-
rithms that may change frequently.
Real-world, embedded military sig-
nal processing applications often require
both of these types of processing and
would benefit from having access to both
technologies. Therefore, the optimal solu-
tion for a general-purpose signal process-
ing board should include both FPGAs and
DSPs, thus creating the need for develop-
ing hybrid signal processing architectures
that leverage the strengths of both.

I n technical publications over the past
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Issues to Overcome in Hybrid
Architectures

Although hybrid architectures are
simple in concept, i.e., integrating DSPs
and FPGAs onto one board, significant
issues must be addressed for the final ar-
chitecture to be effective. The crux of the
problem is how to best handle data flow
both between the FPGA and DSP com-
pute elements, and to and from the hy-
brid architecture through real-world data
interfaces. Another noteworthy compli-
cation is how to best enable the host ac-
cess to the compute elements for com-
mand and control.

One of the biggest challenges faced
when designing a hybrid architecture, i.e.,
the one that most directly impacts signal
processing performance, is how to handle
the communication between the FPGA
and DSP compute elements. Of course,
these interfaces must be tightly coupled,
have low latency and be deterministic.

Less obvious is the fact that, in most
scenarios, the communication speed
between the DSP and the FPGA must
be significantly faster than the board’s
I/O bandwidth since it is possible that
the data will need to move from DSP to
FPGA several times before signal process-
ing is complete.

On BittWare’s GT-3U-cPCI Hybrid
Signal Processing board (GT3U), all data

enters the board through the FPGA I/O
interface (Figure 1). Once the data has
entered the FPGA, the option exists to
provide pre-processing before sending it
along to the DSP(s) via dedicated com-
munication link ports.

At this point, depending on the pre-
processing algorithm being used, the data
rate may decrease, remain the same or in-
crease slightly. The transfer rate between
the FPGA and DSP(s) must, then, at min-
imum, equal the I/O data rate. More op-
timally, that transfer rate must be many
times faster that of the I/O. Each link port
provides 500 Mbytes/s bi-directionally
for a total of 8 Gbytes/s of data transfer
between the DSPs and the FPGA.

Given the advantages of using the
FPGA for straightforward, repetitive pro-
cessing, it makes sense to have all onboard
I/O enter through the FPGA. In addition
to providing powerful front-end process-
ing, system designers also gain the ability
to support a wide variety of data transfer
mechanisms and protocols. Many newer
board formats that support high-speed
serial interfaces (SerDes) can benefit
greatly from this architecture, since the
FPGA can implement several different
protocols. The I/0O flexibility provided by
the FPGA has become increasingly im-
portant as the days of one or two domi-
nant I/O standards has faded.
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Hybrid signal processing block diagram details communication paths between the FPGA and DSPs.

RS232/422
Interface

User Defined Pins
(J2 Connector)

SharcFINe
Bridge

CompactPCl 32-bit, 66MHz Bus
(J1 Connector)

Control Plane

both a high-density FPGA and a DSP processing cluster.

Another challenge for a hybrid archi-
tecture is how to seamlessly integrate the di-
verse compute elements into a system. This
is primarily a requirement for host interface
and control mechanisms that connect the
hybrid compute resources to standard host
interfaces. In most systems today, this is
done via PCI and/or Ethernet.

An optimal solution is to route all host
communication through a separate control
plane, orthogonal to the data flow. In the
GT3U, this is handled by the SharcFINe
host bridge, implemented in an Altera Cy-
clone IL. This bridge connects the PCI bus to
an onboard command and control bus that
extends to each onboard FPGA and DSP.

Figure 2
I A ruggedized 3U CompactPCl hybrid signal processing board, designed for demanding |  Since the control bus is independent of the
multiprocessor-based applications requiring complete flexibility and adaptability, combines

data link ports, it allows the host to directly
access and control each onboard compute
resource without impacting data flow.
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Using a Hybrid Architecture

Although the DSPs might do much of
the heavy lifting in regard to signal pro-
cessing, the FPGA is responsible for han-
dling all transfer of data on and off the
board, and between itself and the DSP(s),
while also providing user-defined pre-,
co- or post-processing. Developing the
application processing IP is challenging.
Integrating it into an FPGA in a hybrid
architecture with fixed pinouts and ex-
ternal interfaces is even harder.

An FPGA framework that can facili-
tate this is required, one that also supports
software-controlled data routing between
all modules within the FPGA and enables
the user to easily insert processing mod-
ules at any point in the data flow. With
an FPGA framework such as this in place,
the command and control bus can config-
ure the data flows for a given application
among the I/O interfaces, IP processing
modules and DSP(s).

The ATLANTIS architecture, im-
plemented in each onboard FPGA on
the GT3U, provides such a framework,
thus enabling the DSP(s) to communi-
cate with all other I/Os connected to the
board in a point-to-point, multicast or
broadcast fashion. The 1/Os can be con-
nected or disconnected from each other
as requirements dictate without the need
for recompiling or changing cables.

This architecture consists of all of
the hardware interface modules along
with one or more data switches that are
connected to a configuration register
controlled by the user via control soft-
ware running on the DSPs or the host.
The routing can be changed at any point
by reprogramming the configuration
registers. Since all I/Os connected to
the board are input into the FPGA, and
thus into the framework itself, standard
and/or custom FPGA processing blocks
can be easily inserted into the data flow
at any point.

The Future in Hybrid Design

The brute force method of adding ei-
ther more DSPs or more FPGAs to a sin-
gle board slot has not only failed to keep
up with the demands of real-world ap-
plications, but also limits military system
designers to the strengths and weaknesses

of a single technology. Signal processing
vendors should be focused on provid-
ing their customers with hybrid signal
processing boards that are architected to
mitigate the weaknesses and risks of each
technology. The GT3U (Figure 2) utilizes
a hybrid signal processing architecture
that features a high-gate count Altera
Stratix II FPGA and four ADSP-TS201S
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Devices, giving system designers the best
of both worlds. 1l
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Data Recorders - Part II

Case Study:
Portable RF Test

System Exploits PXI

An integrated portable RF field test system leverages PXI and

high-speed data recording technology, resulting in an ideal test

solution for military radios.

Lance Butler, Senior Systems Integrator

National Technical Systems

Phil Brunelle, Co-Founder and V.P. of Engineering
Conduant

IVI any designers face the same problem when developing

Radio Frequency (RF) receiving devices such as satel-

lite radios, cell phones and other wireless products.
They need to test their prototypes in real-world environments
although there are several difficulties involved in bringing
their products to the field for testing. Rigorous testing will
lead to improvements in software/firmware algorithms, better
chipset design and overall availability levels. The RF satellite
application discussed in this case study is aimed at general RF
applications, but it is an ideal platform for testing military ra-
dios and other communications devices that work within the
RF spectrum.

A major difficulty in testing RF devices is that the envi-
ronment is constantly changing due to seasonal factors such
as wind, rain or snow or even foliage on trees. The environ-
ment also changes with the construction of buildings and in-
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Sensor Record/Playback
Digital I/0 Board StreamStor DAQ Board
A/D Board Recorder Digital I/0 Board
DSP Board Application

Recording Playback

PCl Bus

I Figure 1
Conduant’s StreamStor Recorder in a typical record/playback
system implementation.

stallation of new broadcast sources. One must also account
for performance while the device is moving in an automobile
or other mode of transportation. These factors can lead to
many visits to the field. In addition, imagine trying to test
for snow effects in July or dry summer heat in December. An-
other important consideration are the logistics involved with
bringing large quantities of product into the field for test-
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I Figure 2
Portable version of a PXI combination record and playback system
with GPS.

ing. Particularly in a production environment, the thought of
testing product in the field is daunting considering the man-
power alone.

Integration to the Rescue

A recently designed system solves all of these problems by
replaying real-world environments in the lab or on the pro-
duction floor. Test personnel can now travel to any given lo-
cation just once and quickly record the RF environment, and
then playback and manipulate that signal set in the lab under
controlled conditions to an unlimited number of units under
test (UUTs).

For example, a company testing satellite radios might re-
cord a set of files in a metropolitan area periodically through the
year to capture effects of various seasons, weather effects and
topology. They might also record under difficult circumstances
in open areas. These files can then be reliably played back re-
peatedly in the lab so that different designs can be tested with
the same signal set in order to compare the strengths and weak-
nesses of those designs.

The open architecture of the PXI platform (an electronic
instrumentation platform) is the key to making this system a
reality. The system is comprised of National Instrument de-
vices that take advantage of their strength in RF and modular
design married together with Conduant hardware that makes
use of their specialization in extremely fast data recording
and playback. PXI allowed engineers at systems integration
firm NTS to marry those technologies and create a solution
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With PXI, users benefit from the
low cost, ease-of use, modularity
and flexibility of PC technology. Use
of this standard allowed NTS to build
and deliver the system described
here on a very tight one-month

schedule.

that was portable and offered high-speed field recording and
in-lab playback.

How it Works

Field RF input signals are routed through a RF Preamp,
when needed, to increase the signal levels so that they are
suitable for recording. The signal is then run through a 2.7
GHz RF Vector Signal Analyzer for down-conversion to an
appropriate frequency. A 14-bit Digitizer then progresses the
IF signal and routes the digital data through a DMA channel.
A Conduant StreamStor card then funnels the data onto a
Conduant Big River DM 4 Recording chassis at 100 Mbytes/s.
If needed, data recording rates of 400 Mbytes/s are possible.
The recording system provides 1.6 terabytes of storage capac-
ity. The diagram in Figure 1 shows how StreamStor works in
a system.

This combination allows massive amounts of data to be re-
corded for over 4 hours without interruption. While additional
drive arrays are available for additional recording time, this
duration was found to be sufficient for this application. For
the playback process in the lab, signals are essentially routed in
the reverse order through playback hardware. The StreamStor
card feeds data from the drives to the DMA channel to a 2.7
GHz Vector Signal Generator with Digital Up-conversion. The
data is then played through a digital to analog converter (DAC)
and restored to the recorded frequency, and sent to the devices
being tested.

A utility is provided to further extend the capabilities of
this system by allowing files to be moved to or from the drives.
In the former case this allows files to be ported into any anal-
ysis package, such as Diadem or Matlab, where they can be
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System Development
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analyzed or modified. The latter case allows for synthesized
signals to be played in order to simulate various effects. As an
example, a user may record a given signal and then modify it
to simulate periodic signal strength loss. This new file can then
be played in order to test the effects of the change versus the
original file.

Flexible PXI Allows for Many Options

The most common configurations involve a recording
system in a portable package that typically includes a shock-
resistant shippable container for the field and a rackmount
playback system for the lab. However, thanks to the modular
nature of PXI and the power of LabVIEW software from NI,
other configurations have been developed for various needs.
PCI eXtensions for Instrumentation (PXI) is the open,
multi-vendor standard for measurement and automation
that delivers more than 10 times the performance of older
measurement and automation architectures. With PXI, us-
ers benefit from the low cost, ease-of use, modularity and
flexibility of PC technology. Use of this standard allowed
NTS to build and deliver the system described here on a very
tight one-month schedule.

An example of this flexibility allows for quick reconfigura-
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tion. When a source signal is readily available at the lab, but the
requirement for testing multiple UUTs with the same signal ex-
ists, the two systems can be combined in one chassis. This ver-
sion uses an 18-slot PXI chassis to house components of both
the record and playback system and uses the same LabVIEW
software as the other systems.

If two channels need to be synchronously recorded, ad-
ditional hardware can be added. In this case the RTSI (Real
Time System Integration) bus inherent in PXI allows very
tight synchronization of the two channels. The two chan-
nels can come from different sources for diversity testing,
or they can be set for different frequencies. The two-channel
playback version of this system maintains the synchronicity
throughout the process. PXI also allows for the integration
of GPS position data into the recording. This can be use-
ful when terrain features are of particular interest. Figure 2
shows a portable version of such a combination record and
playback system with GPS.

Efficiencies of PXI Development Reduced Costs

Because the PXI standard promotes interoperability and
PXI drivers are very easy to develop, this system represents a
significant cost savings over other approaches. Integration of
several vendor subsystems was facilitated by common interfaces
and standards. Impressive field recording speeds were achieved
and high quality and consistent lab playback made this project
a success all around.

To support increasing bandwidth needs for the future,
Conduant is embracing PCI/PXI-Express advancements
and will support data recording speeds of 600 Mbytes/s.
National Instruments will utilize PXI-Express to support
faster digitizers and more advanced arbitrary waveform
generators. 1l

Conduant

Longmont, CO.

(303) 485-2721.
[www.conduant.com].

National Technical Systems
Calabasas, CA.

(800) 270-2516.
[www.ntscorp.com].
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pretty much invented long term program support, helping our customers manage their
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PC/104 & EPIC Boards

Technology Focus

PC/104, EPIC Boards
Target Small Systems

For embedded military designs in small spaces, PC/104 and its larger, younger cousin
EPIC are getting attention from military system developers.

Ann R. Thryft, Senior Editor

hen developers choose an SBC for military applications
Wthey have to think long-term. Not only must the tech-

nology meet the right cost and performance levels, but
it must also be simple, rugged and easily maintained. Since mili-
tary systems are shrinking in size, the technology must also fit
into small spaces, such as military radios (Figure 1). PC/104 and
its cousin EPIC meet all of those needs, and also deliver mature
technology that leverages all facets of the PC.

For new designs and retrofits, chip and system architec-
ture solutions that have already been worked out in the world of
commercial desktop PCs can be leveraged with boards based on
PC/104 and EPIC form-factors.

PC/104’s inherently rugged design stems from its stackable,
no-backplane structure, along with its pin-and-socket mat-
ing connector style. Even more ruggedization can be achieved
by suppliers using a combination of design techniques, such as
soldered-down memory, and thorough test and screening proce-
dures, such as testing a board over the full temperature range.

Newer PC/104 Flavors

Otbher flavors of PC/104 include PC/104-Plus and PCI-104. A
PC/104 card is essentially an ISA bus board reduced in size to 3.6
in. x 3.8 in. A PC/104-Plus module implements PCI on a stack-
able board that maintains the same form-factor. These modules
can include the original PC/104 connectors for the widest range
of possible system configurations.

PCI-104, a PCI-only implementation, was part of the origi-
nal PC/104-Plus spec. Although PC/104’s slot count is unlimited
by the spec, developers typically stack no more than six cards
together. In contrast, PCI-104, like PCI, allows only four cards
along a bus segment. However, PCI-to-PCI bridging is a mature
technology.

The most recent addition is the EPIC form-factor. This larger,
younger cousin to PC/104 has won lots of fans among military
system designers for its superior thermal management and size-
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Figure 1

As military systems get smaller and more mobile, PC/104 and
its cousin EPIC are found in UAVs, aboard aircraft and in military
radios. In Mahmahdiyah, Iraq, a radio operator for the 1st Platoon,
1st Battalion, 320th Field Artillery relays measurements for a
counterfire.

Photo by: SPC Kelly K. McDowell, Courtesy of U.S. Army

to-performance ratio. The EPIC form-factor locates the proces-
sor out in the open away from I/O expansion boards that can be
affected by its heat, and where it can be cooled more easily. Its
larger board size, at 4.528 in. x 6.496 in., also allows mounting
holes for a cooling arm on the CPU’s sides.

In this year’s crop of PC/104 and EPIC SBCs, shown in the
next few pages, the amount and type of I/O continues to grow.
Fast Ethernet or Gigabit Ethernet, various types of graphic
support and USB are now common, reflecting the increase in
networked small systems and use of displays. 11
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Technology Focus:
PG/104 & EPIC Boards Roundup

SBC Targets Rugged Mil Apps

For rugged applications that require high
performance in a compact module, it’s hard to
beat an architecture that accommodates both.
With those needs in mind, Ampro Computers
offers its CoreModule800. The board is a
RoHS-compliant, rugged Celeron M PCI-104
SBC that features ultra-low-power Centrino
performance combined with advanced
networking, high-performance graphics and
all of the necessary PC-compatible component
subsystems.

The board comes with either the 600 MHz
or 800 MHz ULV Celeron M, 512 Kbytes (600
MHz) or 0 Kbytes (800 MHz) of L2 cache, up
to 1 Gbyte of PC2700 DDR333 SODIMM, the
Intel 855GME/ICH4M chipset, 400 MHz FSB
and Gigabit Ethernet. PC-compatible DMA and
interrupt controllers and timers, a battery-
backed RTC/CMOS real-time clock, a watchdog
timer, and a powerfail reset that triggers when
input voltage drops below predetermined
thresholds are provided.

I/0O includes a single PCI-bus Enhanced
Ultra DMA 33/66/100 Synchronous IDE
interface that supports up to two hard drives,
two RS-232/422/485 serial ports, a parallel
EPP/ECP bidirectional port, USB 2.0, I/O for
one or two floppy drives and a PS/2 keyboard/
mouse interface. For video, the integrated Intel
Extreme Graphics 2 controller is provided with
an AGP 4x 128-bit 3D engine, up to 64 Mbytes
of UMA frame buffer and dual-channel LVDS.
The controller supports resolutions up to 2048
x 1536 and 3.3V or 5V flat panels. Volume
pricing starts in the low $800s.

Ampro Computers
San Jose, CA.

(408) 360-0200.
[www.ampro.com].
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Rugged EPIC Board Consumes
Only 2W Typical

For small, ultra-low-power applications,
ratcheting down the amount of power
consumption in a subsystem can be tough.
That’s why Arcom designed its ZEUS EPIC-
sized SBC to consume only 2W typical.
Combined with dynamically adjusted sleep
modes, extensive communications options,

a wide operating temperature range and a
vehicle-compatible power supply, the board’s
ultra-low-power design makes it ideal for
vehicle tracking, mobile terminals and network
communications controllers.

The RoHS-compliant board is based on the
Intel 520 MHz PXA270 XScale RISC processor.
ZEUS has seven onboard serial ports to support
a wireless modem and GPS and provides
traditional hardwired serial I/O functions
for legacy communications. A small adapter
module fitted with a variety of GSM/GPRS,
iDEN and CDMA wireless modem modules is
optional. The board includes up to 256 Mbytes

of soldered SDRAM and up to 64 Mbytes of
soldered AMD MirrorBit flash. 256 Kbytes
of battery-backed SRAM using the onboard
battery are provided.

Other features include a TFT/STN flat
panel graphics controller, analog touch screen
controller, dual 10/100BaseTx Ethernet ports,
I2C controller, dual USB host controller, USB
client, AC97 audio/codec, CompactFlash
interface, SDIO and a standard PC/104 bus
expansion connector. The ZEUS may be
powered from the integrated DC/DC PSU
(10-30V) or from a single +5V input. The
power supply has been designed for use with
vehicle power looms and features transient
suppression and protection. Other options
include a CANbus controller and an LVDS
adapter. The ZEUS is supported with ready-to-
run development kits for Embedded Linux and
Microsoft Windows CE 5.0. Pricing starts at
$410 in quantities of $1,000.

Arcom

Overland Park, KS.
(913) 549-1000.
[www.arcom.com].

Speedy EPIC SBC Targets Data
Acquisition

Military system designers who want to save
space and lower costs with data acquisition
SBCs usually have to compromise. Either
the processor’s performance is lower than
the application needs or the data acquisition
functions are less capable. Fortunately, vendors

such as Diamond Systems are coming to the
fore with workable alternatives. On a single
board, the Poseidon EPIC form-factor SBC
combines the VIA Eden ULV or VIA C7
processor running at speeds of up to 2 GHz
with Diamond Systems’ patented, automatically
autocalibrating A/D circuitry. The connector
board is removable, providing pin headers for a
more rugged interface.

The Poseidon includes 256 Kbytes of on-chip
cache, a 400 MHz front-side bus and up to 512
Mbytes of onboard soldered 533 MHz DDR2
RAM. The VIA CX700 integrated digital media
chipset integrates the VIA UniChrome Pro
2D/3D graphics controller with integral MPEG-
2 hardware acceleration, CRT and LVDS flat
panel support, and dual independent display
capability. The Poseidon SBC also provides
four USB 2.0 ports, two RS-232 ports, two RS-
232/422/485 ports, IDE and SATA hard drive
interfaces, and an Intel 82541 Gigabit Ethernet
controller. Typical power consumption is under
10W.

The board’s data acquisition circuit
incorporates the Diamond MM-32X-AT board,
including 32 16-bit analog inputs with a 250
KHz sampling rate, four 12-bit analog outputs,
24 programmable digital I/O lines and two
counters/timers. With the 1 GHz VIA Eden
ULV processor, Poseidon operates fanless across
an extended operating temperature range
of -40° to +85°C. With the 2.0 GHz VIA C7
processor, it operates with a fan from -20° to
+70°C. Prices start at under $700 in quantities
of less than 10. Volume discounts are available.

Diamond Systems

Mountain View, CA.

(650) 810-2500.
[www.diamondsystems.com].
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Low-Power Board Dynamically
Changes Speed

Mobile military systems encounter constant
change in the field. In those situations,
electronics that dynamically alter processor
speed in response to changing performance
or power needs are a big plus. With that in
mind, Micro/sys has based the design of its
SBC1670 on the Intel PXA270 processor, which
dynamically changes its speed in response to
changing conditions. The SBC1670 combines
an 800 x 600 color flat panel display interface
with the low-power Intel PXA270 processor
in a PC/104 footprint. The CPU’s multimedia
capabilities include support for audio output
and debounced keypad input.

The PXA270 runs at speeds of up to 524
MHz. On-chip cache, a watchdog timer, an
SDRAM controller, a CompactFlash interface
and a USB host controller are integrated on the
same silicon. The SBC1670 features 128 Mbytes
of SDRAM, a 64 Mbyte resident flash array, five
serial ports, four with RS-232 and one with RS-
485, plus a 10/100BASE-T Ethernet controller.
For expansion, a CompactFlash socket supports
storage devices and I/O devices, such as Wi-Fi
cards. Additionally, the SBC1670 has a 16-bit
PC/104 bus interface, providing access to off-
the-shelf boards such as modems, analog I/O
or digital I/O. In its stackthrough version, the
SBC1670 is ideal for plugging into a custom
OEM I/O card.

The SBC1670 can boot Linux, Windows
CE and VxWorks from its onboard flash. A
free development kit includes cables, sample
software and full documentation. Pricing
for the basic SBC1670 starts at $495 in single
quantity. An extended temperature version
operates from -40° to +85°C and is priced at
$675.

Micro/sys

Montrose, CA.

(818) 244-4600.
[www.embeddedsys.com].

Rugged SBC Is Conduction-
Cooled

In many defense and aerospace platforms,
size, weight and power (SWP) are critical
design considerations. Developed for
applications that need all three, Octagon
Systems offers the EPIC form-factor XE-900
SBC, designed to operate in harsh, demanding
environments.

The XE-900 incorporates the 32-bit, low-
power VIA Eden ESP CPU family. Three
versions are available: the 400 MHz and 733
MHz versions operate at -40° to +85°C and
the 1 GHz version operates at -40° to +75°C.

Memory includes 512 Kbytes of surface mount
flash for BIOS, a SO-DIMM socket for up to
512 Mbytes of SDRAM and 1024 bytes of user-
available serial EEPROM. ATA-4 hard drive and
CompactFlash interfaces support up to three
drives: CD-ROM, hard drive, EIDE flash drives
and other EIDE devices. The board includes
CRT and flat panel video, six RS-232/422/485
serial ports, two USB ports, 10/100 Base-T
Ethernet, PC/104 and PC/104-Plus expansion
and 24 lines of bit-programmable, digital I/O
with 16 mA sink/source capability. It features
ACPI 2.0 and PCI power management. The
conduction-cooling system eliminates the need
for a fan even at 1 GHz.

Companion XE-900 OS Embedder kits
are available for Linux 2.6 and WindowsXP.
These kits combine hardware and software for
instant-on operation. The single piece price
is $795 for the 1 GHz version, $745 for the
733 MHz version and $695 for the 400 MHz
version. Volume discounts are available for all
three.

Octagon Systems
Westminster, CO.

(303) 430-1500.
[www.octagonsystems.com].

VLAN-Enabled Switch Meets
MIL-STD-810F

The military has its own unique needs
when it comes to networking. Two of these
that rank especially high are reliability and
communications that are certifiably secure. To
meet these needs, Parvus offers its PRV-1059,
a VLAN-enabled five-port PC/104 Ethernet
switch that has been designed and tested to
MIL-STD-810F. This rugged network switch
features very low power consumption at 1.5W
and highly reliable extended-temperature
operation up to +85°C.

Supporting auto-MDI-MDIX network
installation, the board is designed for
simple plug-and-play operation, enabling
up to five embedded computing devices to
be networked together using 10BaseT or
100BaseTX LAN connections. It also supports
field-programmable, port-based VLAN
functionality, enabling any combination of
ports to be connected together in subnets for

use in a small secure or non-secure network.
Settings are stored in local onboard memory.
The board’s five transceiver ports are fully
compliant with IEEE 802.3 and IEEE 802.3u
and any port can serve as an uplink.

The card integrates fully independent media
access controllers, an embedded frame buffer
memory and a high-speed address lookup
engine, along with support for auto-crossover,
auto-polarity, auto-negotiation and bridge
loop prevention. All versions include mounting
holes to facilitate simple installation, as well
as support for local or remote monitoring of
LED activity for data RX/TX and connectivity.
Pricing for the PRV-1059 is $199 for base
models and $249 for models with VLAN
support. Non-RoHS and RoHS-compliant
versions are available.

Parvus

Salt Lake City, UT.
(801) 483-1533.
[www.parvus.com].
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CPU Module, Controllers Feature
PC/104-Plus, PCI-104

Fitting a high-performance embedded
computer into the limited space available
in many military applications is now easier,
thanks to small footprint form-factors such as
PC/104 SBCs. Even better are small SBCs that
have been ruggedized. Serving just such needs
are RTD’s high-performance PC/104-Plus and
PCI-104 cpuModules and controllers. The
boards are available with either Intel 1.4 GHz
Pentium M or 1.0 GHz Celeron M processors.

Both CPUs support four PCI bus masters
and feature BIOS-selectable thermal throttling,
ACPI (Advanced Configuration and Power

Interface) and APIC (Advanced Programmable
Interrupt Controller). Nonvolatile BIOS
configuration allows storage of CMOS settings
with no battery required. Each SBC features
512 Mbytes of surface-mount BGA ECC DDR
SDRAM and one ATA/IDE disk chip socket for
an onboard IDE flash drive of up to 4 Gbytes
that is natively supported by all major GPOSs
and RTOSs.

RTD’s latest I/O technologies include two
or four USB 2.0 ports and the RTD exclusive
multiPort with BIOS selectable aDIO Advanced
Digital I/O consisting of 18 or 36 digital I/O
bits, ECP/ EPP parallel port or floppy drive.
Standard PCI/O includes SVGA, LVDS flat
panel, 10/100 Mbit Ethernet, AC’97 audio,
BIOS-selectable RS-232/422/485, keyboard,
PS/2 mouse and EIDE controller with
UltraDMA-100. Wake events include aDIO
interrupt, Ethernet, power button, serial
port activity, USB and onboard real-time
clock. The Pentium M also features advanced
power management including Enhanced Intel
SpeedStep Technology. Pricing is $2,795 for the
Pentium M 1.4 GHz version and $1,995 for the
Celeron M 1.0 GHz version.

RTD Embedded Technologies
State College, PA.

(814) 234-8087.
[www.rtd.com].
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Rugged, Low-Power SBC Targets

Harsh Environments

Most military systems require highly reliable
operation under extreme environmental
conditions. The ability to fit into small spaces
and extremely low power consumption are also
high on the demand list. Fortunately, vendors
such as VersaLogic continue to roll out new
products aimed at those needs. The company’s
PC/104-Plus Puma board not only delivers a
highly reliable design and low power draw at
under 5W typical total power consumption,
but also includes a Windows-compatible
suspend-to-RAM power management system
that reduces power draw to less than 900 mW
during standby.

Based on the AMD GX 500 processor, the
RoHS-compliant Puma is fanless with no
moving parts, and is offered in both standard
temperature (0° to +60°C) and extended
temperature (-40° to +85°C) versions. Standard
onboard features include 256 Mbytes of
soldered SDRAM, three COM ports, four USB
2.0 ports, Ethernet, IDE, LPT, audio I/O and
keyboard/mouse/floppy support via USB ports.
The board also includes integrated SVGA video
with LVDS flat-panel support. The PC/104-Plus
interface supports both ISA and PCI add-on
modules. Standard pass-through connectors
allow the board to be used either above or
below other PC/104 modules. By plugging it
into a proprietary baseboard that includes user

I/O circuitry, it may also be used as a CPU
module for a larger system.

The Puma’s customizable, OEM-enhanced
BIOS is field-upgradeable. Windows CE/XP/
XPe, Linux, VxWorks and QNX are supported.
Pricing is approximately $550 in low OEM
quantities.

VersaLogic

Eugene, OR.

(541) 485-8575.
[www.versalogic.com].

Compact Board Needs Only +5V,
900 mA

Although no two military applications are
alike, military designers creating subsystems
for small, lightweight systems need processing
muscle in a low-power, minimum-sized
package. With that in mind, WinSystems offers
its PCM-SC520-G, a PC/104-compatible,
RoHS-compliant SBC that requires only +5V
and, with 32 Mbytes of SDRAM onboard,
draws just 900 mA typical. The board includes
soldered down DRAM and requires no fan for
operation in rugged environments.

The PCM-SC520-G is based on AMD’s
highly integrated, 32-bit, low-voltage, 133 MHz
AM5x86 SC520 CPU, with a complete set of
integrated PC/AT-compatible peripherals. The
CPU core includes a floating-point unit as well
as enhancements to the PCI controller and
synchronous DRAM controller to optimize
it for applications requiring high throughput
and low latency. The PCM-SC520 runs x86-
compatible software over a temperature range
of -40° to +85°C. It supports 32, 64, 128, or 256
Mbytes of SDRAM that is field-upgradeable
from a standard SODIMM socket. For high
shock and vibration environments, the board
can be ordered with 32 Mbytes of soldered-
down SDRAM. Up to 8 Gbytes of flash memory
can be installed as a CompactFlash card or an
M-Systems DiskOnChip flash device.

Included are four serial COM ports and
a 10/100 Ethernet port. The onboard Intel
82559ER integrated Ethernet controller has a
32-bit PCI interface that supports 10/100 Mbit/s
data transfers in full- and half-duplex modes.
Four 16C550-compatible UARTSs support RS-
232 serial asynchronous data communications
up to 115.2 Kbits/s. RS-422/485 levels are
supported on COM 1 and 2. Other onboard
peripherals include a floppy disk controller, IDE
hard disk interface, keyboard controller, line
printer interface, mouse port, battery-backed
real-time clock, precision power-fail reset
circuit and programmable watchdog timer. The
board supports Windows CE, Linux and other
x86-compatible operating systems, including
DOS. List price is $429.

WinSystems

Arlington, TX.

(817) 274-7553.
[www.winsystems.com].
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Host Interface Board Extends PCle Bus at x8 Speeds
In high-performance military applications based on PCI Express, the more downstream PCle boards there are, the slower communications
is likely to be. A new host interface board (HIB) from One Stop Systems installs in a PCle x8 or x16 slot and operates at 20 Gbits/s. It is designed
with re-driver technology, boosting the high-speed signal over a PCIe cable to a downstream board. The downstream system acts as if it resides
in the host system. The HIB2 extends the host bus over a high-speed PCI SIG-specified data cable. This connects to the

host to over 100 add-in boards.

upstream port of the company’s chassis- or rackmounted 1U PCle switch, further increasing the extendibility of the single

The HIB2 also supports a downstream link in non-transparent mode to a second host system. This configuration
allows host-to-host communication with up to two 20 Gbit/s links for a total bandwidth of 40 Gbits/s. The HIB2 is
available in host mode and target mode, using a target backplane and external PCle card. It lists for $433.

One Stop Systems, Escondido, CA. (760) 745-9883. [www.onestopsystems.com].

VME NAS System Takes Aim at Severe
Environments

The more warfighters depend on
communications networks, the more
important it becomes to secure
those networks and their
data, as well as protect
equipment from harsh
environments. The industry’s
first conduction-cooled Network
Attached Storage (NAS) system, the INDEX
VCNAS from General Micro Systems, supports up to 200 Gbytes of rotating
media or a flash drive of up to 128 Gbytes in a single slot (4HP) VME
form-factor. The unit’s operating temperature range is -40° to +85°C and it
complies with MIL-STD-810-F. Embedded error correction and detection
algorithms are employed for the solid state drive that yield a data error rate
of less than 1 bit in 10 bits read. Rapid Purge, MilPurge and Intelligent
Destructive Purge modes provide advanced content protection.

The VCNAS is based on General Micro Systems’ STRONGHOLD
VC266 VME 6U SBC, powered by a 1.8 GHz Intel Pentium M processor
with up to 2 Gbytes of memory for protocol and packet work, and up
to 266 MHz DDR SDRAM and ECC. Dual Gigabit Ethernet ports may
be configured as fiber on the front panel, or via rear I/O or VITA 31.1.
Dual video for RGB or LCD monitors is supplied. The VCNAS supports
Windows XP/2000, VxWorks-Tornado II, Solaris x86, QNX and Linux.
Pricing starts at $4,200 in 100 units.

General Micro Systems, Rancho Cucamonga, CA. (800) 307-4863.
[www.gms4sbc.com].

——

6U VME SBC with Intel Core Duo Targets Mil Apps

Military VME system integrators looking to take advantage of
Intel’s dual-core performance and low power consumption now have a
ruggedized platform designed for harsh environments. The SVME/DMV-
1901 6U VME SBC from Curtiss-Wright Controls Embedded Computing
features the Intel Core Duo processor running at 1.67 and 2.0 GHz. A
single-core Intel Core Solo is also available. The board comes with 2
Mbytes of L2 Advanced Transfer Cache, up to 4 Gigabytes of ECC DDR2
SDRAM, up to 4 Gigabytes of USB user flash, Intel’s E7520 Memory
Controller Hub, Intel’s 6300ESB I/O Controller Hub and onboard ATI
Radeon X300 Graphics with 4-lane PCI Express.
In addition to two PMC/XMC
mezzanine expansion sites,
—_ the SVME/DMV-1901’s
== 1/0 includes two Gigabit
. Ethernet ports, two video
graphics ports, three USB
2.0 ports, six COM ports, two
SATA ports, eight GPIO lines,
AC’97 audio, two PS/2 ports and two
SCSI ports. Air-cooled front panel I/O includes onboard video graphics
and SCSI interfaces. WindowsXPe, Solaris10 and Linux are supported.
The SVME/DMV-1901 L0, L50 and L100 air-cooled and L100 and L200
conduction-cooled configurations are available. Volume pricing for the
air-cooled SVME-1901 starts at under $4,700.

Curtiss-Wright Controls Embedded Computing, Leesburg, VA.
(703) 779-7800. [www.cwcembedded.com].

o Analyzer Supports 5 Ghits/s Per Lane PCle

Military engineers developing systems at faster bus speeds face a lot of challenges. One thing that will

help is a PCI Express protocol analyzer that captures and analyzes second-generation PCI Express bus
traffic at data rates of up to 5 Gbits/s per lane. The PE Tracer Gen2 Summit x16 from LeCroy locates errors
faster and records and displays all traffic, even at high lane widths and data rates. The analyzer’s real-time
monitoring tools analyze response and latency of transactions, data throughput and link utilization. It

works with the company’s PE Tracer software, which features real-time statistics, protocol traffic
summaries, detailed error reports, scripting and creation of user-defined test reports. Ethernet and USB ports are provided for

connection and configuration flexibility.

The PE Tracer Gen2 Summit x16 supports spread-spectrum clocked traffic, lane swizzling for flexibility in board configurations, auto-link sensing for
links of varying width and support for multi-link operations where PCI Express ports are bifurcated into narrower links. Raw Mode Recording records
bytes as they come across the link, allowing debugging of PHY layer problems and combining the features of a logic analyzer format with a decoded

protocol analyzer display.

LeCroy, Chestnut Ridge, NY. (845) 425-2000. [www.lecroy.com].

[ 68 1 COTS Journal October 2006


http://www.cotsjournalonline.com/getconnected

COTS Products

—=n_ PXle Data Acquisition Modules Target High
= B Channel Counts

PXI boards have become entrenched in the military as
solutions for testing complex system designs. Now,
two data acquisition modules from National
Instruments designed for high-channel-count
applications are the first in the industry for PXI
Express, according to the company. The NI PXIe-
6259 and PXIe-6251 M Series modules deliver fast
analog and digital I/O with a dedicated per-slot bandwidth of
up to 250 Mbytes/s. They feature up to 32 analog channels with 16-bit,
1.25 Msamples/s sampling speed, up to four analog output channels with 16-bit, 2.8
Msamples/s update rates and 10 MHz digital I/O on up to 32 lines.

As with other NI M Series DAQ devices, the new PXI Express modules feature the NI-STC 2
system controller, the NI-PGIA 2 amplifier and NI-MCal calibration technology for increased
performance, accuracy and I/O. They work with all existing PXI modules and software. Existing
code written for the NI LabVIEW graphical development platform, NI LabWindows/CVI ANSI C
development environment and NI Measurement Studio for Microsoft Visual Studio can be used
with them. The NI PXIe-6259 and NI PXIe-6251 M Series modules are priced from $1,149.

National Instruments, Austin, TX. (512) 683-0100. [www.ni.com].

Digital RCVR Board Eliminates FPGA Development Tasks

. Developers of real-time DSP and software radio systems often want to avoid the lengthy,
‘I complex programming that can accompany the use of FPGAs. With the GateFlow Model
f}? 6821-422 high-speed A/D digital down-converter (DDC) board from Pentek, now

‘o they can. The board includes a factory-installed wideband digital down-converter
FPGA IP core operating at frequencies of up to 296 MHz. It is a highly optimized,
dual-channel version of Pentek’s GateFlow IP Core 422 tailored to the board’s
various resources. The result is a preconfigured, fully tested digital software radio
subsystem that accepts a front-panel analog RF input and delivers real or complex
digital output samples translated to baseband from any frequency slice of the
input signal. The board has a 12-bit sample rate at 215 MHz and four sets of user-
programmable FIR coefficients for custom filtering.

The Model 6821-422 is supported by Pentek’s C-callable ReadyFlow Board
Support Libraries. ReadyFlow provides development tools for quick startup through
application completion, allows programming at high, intermediate and low levels to
meet various needs, and includes complete source code for all functions. Ruggedized
and conduction-cooled versions of the board are available. Pricing starts at $17,495.

Pentek, Upper Saddle River, NJ. (201) 818-5900. [www.pentek.com].

Mini-ITX Motherboard Features Intel
Core Duo

New military system designs may need faster processing
speeds but be constrained by power and heat limitations. Dual-
core processors can deliver up to twice the performance for far
less than twice the heat. The RoHS-compliant G5C100-N-G
Mini-ETX motherboard from ITOX Applied Computing is
equipped with the Intel Core Duo processor and supports the
Core Solo, as well as the Celeron M and Celeron M ULV CPUs.
It utilizes the 945GM Express chipset paired with an ICH7M
I/0O controller hub, as well as up to 4 Gbytes of 533 MHz or 667
MHz DDR2 dual-channel memory, dual onboard PCI Express
Gigabit Ethernet controllers and Intel GMA 950 graphics. A
single mPGA 479 socket provides support for specified Intel processors with 667 MHz, 533 MHz
and 400 MHz system bus speed.

For connectivity, the board has two Gigabit LAN ports, four serial COM ports, eight USB 2.0 ports,
two PS/2 ports, a VGA port (2048x1536), 1-LVDS DFP Interface (1600x1200), Onboard 5.1 channel
Audio with S/PDIF out, two SATA interfaces, an Ultra ATA 100 interface, a CompactFlash Type II
socket and an FDD interface. List price is $468.

ITOX Applied Computing, East Brunswick, NJ. (888) 200-4869. [www.itox.com].
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Industry Pack 1/0 Modules

If you need a variety of 1/0 functions or have a
slew of signals to process, then Acromag
Industry Packs are your solution. Plug in assorted
/0 modules on a carrier card and you can
replace several boards. Or, insert multiple IPs of
the same type for a single-slot solution with
tremendous capacity. Now that’ flexibility.

Acromag offers the widest selection.

Our Industry Pack modules and carrier cards all
come with an unbeatable combination of
features, performance, and value.

« Choose from more than 100 IP modules
« Carriers for 3U/6U VME, CompactPCI°, PCl
« Software drivers for RTOS and Windows®

Flexibility means options. And Acromag has
more embedded 1/0 options than anyone.

For flexible, capable, and reliable 1/0 solutions,
think Acromag.

Acromag g

THE LEADER IN INDUSTRIAL I/0

www.acromag.com
800-881-0268 or 248-624-1541
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Storage Module Brings Fibre Channel SAN to Rugged Environments
% Using commercial Fibre Channel disks for high-speed, streaming data recording applications in harsh
environments such as aircraft would allow the power, flexibility and ease of use of the Fibre Channel Storage
Area Network (SAN) to be fully exploited. Now this is possible, with VMetro’s
SANbric storage system. The rugged, removable storage device provides 1.8 terabytes of storage capacity in
aJBOD (Just a Bunch of Disks) configuration in only 4U of shelf space.
The SANbric connects to the Fibre Channel SAN via dual 2 Gbit/s Fibre Channel interfaces. Each interface
connects to a loop on the SANbric’s backplane, which is split for the dual-loop operation necessary for 400
Mbyte/s sustained throughput (300 Mbytes/s on the inner tracks). The backplane connects to six 3.5-in. Fibre
Channel disk drives. Utilizing a shock isolation frame, the SANbric is designed to tolerate the shock, vibration,
altitude and temperatures of extreme environments such as image processing and sensor processing applications in
UAVs and other aircraft. Price is $49,900.

VMetro, Houston, TX. (281) 584-0728. [www.vmetro.com].

Two Dual-Core ULV Xeons Fit on Single-Slot 6U SBC

Top performance density and ease of
programming for symmetric
multiprocessing are

two things really
needed by military

engineers developing
computationally
challenging applications.
Both are now available
in a family of SBCs from

Mercury Computer Systems that

incorporates one or two 1.66 GHz Dual-Core Intel Xeon ULV processors
in a 6U single-slot module. The board’s density is made possible by the
ULV processor, with a thermal design power of only 15W. First in the
family of CompactPCI or VME boards is the cPCI Momentum Series
CX6-200. On each board, both dual-core processors are connected in a
symmetric multiprocessing (SMP) configuration, so each processor core
has easy access to 8 Gbytes of shared memory.

PCI Express technology minimizes internal data-flow bottlenecks
and maximizes external I/O throughput for onboard interconnects. I/O
includes quad Gigabit Ethernet, RS-232 serial I/O, high-speed serial ATA-
150, USB 2.0 and SVGA, with most available at the front panel for easy
connectivity. A single-wide PMC/XMC expansion site supports both front
and rear I/O. Pricing for the Momentum Series CX6-200 starts at $6,295
each. Discounts are available for higher volumes.

Mercury Computer Systems, Chelmsford, MA. (978) 256-1300.

[www.mc.com].

Single-Slot Dual Removahle VME Hard Disk Rolls

As military systems continue to push for more and more embedded
computing, the need for rugged storage is accelerating. Feeding such
needs, Phoenix International has added a Dual Removable Hot-Swap Disk
Drives option to its line of Rugged Mass Storage VME plug-in modules.
The new VF1-250-SC-RHD model allows portability in transporting a
data storage device (by itself) for secure or archival storage off-line or
for transferring data files to operating storage arrays, servers or host
platforms. The dual device configuration is ideal for host-based RAID 1
(data mirroring) applications as it is designed to allow the user to hot-
swap either or both hard disk drives from a standard single-slot (4HP) 6U

plug-in VME module.

Other features of the VF1-250-SC-RHD include
transparency to any operating system, Ultra-320
LVD SCSI 1/0, 10,000 RPM spindle speed and an
average Seek Read/Write time of 4.1 and 4.5
msec respectively. SCSI connect is done via front
panel and/or back plane P2 connectors. The unit
supports automatic internal bus termination and

sports front panel device ID select and activity
indicator. The device features rugged steel
construction with internal heat sink. MTBF is
rated at 1,400,000 hours.

Phoenix International, Orange, CA.
(800) 203-4800. [www.phenxint.com].

3U PXI Power Analyzer Module Targets RF Communications

-

Compact test solutions based on PXT are being deployed increasingly in wireless defense communications. One example is the

GX2002 RF Power Analyzer, developed jointly by Geotest-Marvin Test Systems and ZTEC Instruments. The 3U PXI
card provides the ability to perform CW and pulse power measurements, frequency measurements and pulse repetition
period measurements on RF signals from 100 MHz to 3 GHz.

The GX2002 includes a full-featured user interface and drivers for ATEasy and other popular software development
environments. The module includes an onboard DSP engine that can acquire, process and store frequency, pulse
width, pulse repetition interval peak power and time-tag for each RF input pulse in less than 200 microseconds.
Pricing starts at $2,995.

|1

s

s

Geotest-Marvin Test Systems, Irvine, CA. (949) 263-2222. [www.geotestinc.com].
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14-Slot MicroTCA Backplane
Provides More Connections

Interest in MicroTCA continues to build
among military system designers, since the
architecture lets AMC modules be plugged
directly into a backplane to create small,
low-cost but powerful systems. A 14-slot single-star MicroTCA backplane from Elma Bustronic
allows single or redundant virtual carriers to provide power management, platform management
and fabric connections to greater numbers of modules than a single physical carrier card could
support in a classic ATCA application.

The unit has 12 AMC slots, a power module slot and a MicroTCA controller hub (MCH) slot
in the single-width, full-size format. It features a 16-layer controlled-impedance stripline design.
Pricing for the 14-slot MicroT'CA backplane is under $500 depending on volume and configuration.

Elma Bustronic. Fremont, CA. (510) 490-7388. [www.elmabustronic.com].

Passive Backplane SBC Sports Dual Core Xeons

There’s no side stepping the industry trend toward dual-core and multicore processors. Because
pipelining and superscalar tricks can only go so far, all the major microprocessors have dual-core
offerings dominating their future roadmaps. Riding that trend, Diversified Technology (DTT)
announced the release of the LBC9426 single board computer for communications, government and
commercial markets. The LBC9426 is based on the Intel E7520 chipset and utilizes 1 or 2 dual-core
Intel Xeon Low Voltage Processors.
The LBC9426 industrial single board

computer features one or two 65 nm Dual

Core Xeon processors with 2 Mbyte L2

cache Micro-FCPGA processors and

up to 8 Gbytes dual channel, DDR2
SDRAM DIMMs, with full ECC support, on two
sockets. Onboard are two channels of 10 Base-T, 100 Base-TX,
1000 Base-TX Ethernet and dual Serial ATA channels, as well as four
Universal Serial Bus (USB) ports, two serial ports, a parallel port, floppy interface

and a PCI VGA and flat-panel controller with 8 Mbytes of memory. The LBC9426 uses the

Intel E7520 chipset providing a 667 MHz system bus as well as one x4 PCI Express Link. The single
x4 PCI Express link provides access to a dual-port Gigabit Ethernet controller allowing multiple
high-speed offboard data transfers.

Diversified Technology, Ridgeland, MS. (601) 856-4121. [www.diversifiedtechnology.com].

Data Acq System Accommodates Multiple
cPCl Digitizers
It used to require a large rackmounted data acqusition
| apparatus to do high throughput measurements and
d analysis for military systems. Now that same functionality
is possible in a compact system that can be run from a PC.
— ‘ Along such lines, Acqiris now offers the MAQIlink3000,
. 8-, 10- and 12-bit CompactPCI digitizers. Each includes a
- high-speed interface for desktop PCs or laptops so acquired
addition to the PC interface, the MAQlink systems can accommodate up
to 28 high-speed acquisition channels. These channels are all controlled through Acqiris’ unique
With AcqirisMAQS, a client-server software suite, vital information can be seen with a multiple
waveform display on the PC monitor. Data is more accessible with an oscilloscope-like graphical
needed for a specific application and expand to a larger system as needs grow. This helps reduce
instrument obsolescence and increases return on investment. Pricing for a MAQlink system starts

5000 and 8000 systems, which can accommodate multiple
[ !
data can be processed by the highest-speed processors. In
AcqirisMAQS multichannel acquisition software installed on the interfaced PC.
user interface (GUI). MAQlink’s modularity enables users to select only the hardware components
at $5,790.

Acqiris USA, Monroe, NY. (877) 227-4747. [www.acqiris.com].
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PMCI1/0 Modules

Looking for higher performance without
sacrificing the flexibility of a mezzanine format?
Acromag PMCs enable faster data transfer rates
with all the benefits of a P(l interface.

Acromag's wide variety of 1/0 modules
includes high-speed A/D, high-resolution D/A,
high-density digital I/0,and even extended
temperature ranges. Now that’s capability.
New FPGA I/0 means greater capability.
Re-configurable FPGAs let you design custom 1/0
boards much faster and at a fraction of the cost.
Download your unique code into the FPGA for
unlimited signal processing possibilities.

» Virtex-II” FPGA with up to 3 million gates

+ 1TMB on-chip RAM, 9MB on-board SRAM

+ Variety of analog & digital 1/0 configurations

For flexible, capable, and reliable I/0 boards,
think Acromag.

Acromag g

THE LEADER IN INDUSTRIAL I/0

www.acromag.com
800-881-0268 or 248-624-1541
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PMC Storage Solution Provides Secure Erase

Whether it’s ground mobile, shipboard or airborne systems, there’s no room for error when it comes
to protecting classified or sensitive data. ACT/Technico is helping the situation with a new secure storage
solution that provides an effective means to perform secure erasure or write-protection of sensitive data
on a PMC form-factor. The Secure PMCStor provides a unique hardware-based implementation of two
methods of data protection: Secure-Erase, with two levels of data purging; and Write-Protect, preventing
data from being overwritten or modified. It couples a PCI/ATA core with secure-erase and write-protect
logic implemented via an FPGA.

The Secure PMCStor features a hardware-initiated Secure-Erase with two erasure levels—destructive
or non-destructive; a Write-Protect function enabled via an external signal or switch; and the provision for
onboard BIOS supporting system boot directly from the storage device. The new storage solution is available with one or both data security features, and
is suitable for extended temperature in air- and conduction-cooled environments. The air-cooled version ships with a front panel button or switch to
initiate the secure features. The Secure PMCStor is fully tested prior to shipment. Storage capacities range from 2 Gbytes to 16 Gbytes.

ACT/Technico, Ivyland, PA. (215) 957-9071. [www.acttechnico.com].

DC/DC Converter

s, ¥ .. Series Is Designed
@&’ 4 for Battle
Q\"l Battlefield military
& V- . applications put a lot of
. stress on DC/DC converters.

Ensuring smooth operation

G in extreme shock, vibration
\‘-ﬁ and weather conditions is no

W easy task. XP Power has met
those challenges with its new

MTC, a series of 4W to 35W DC/DC
converters designed exclusively for defense and avionics applications.
Available in 5, 15 and 35W ratings, the converter meets the MIL-STD 810F
specification for temperature, shock, vibration, bump, altitude, salt fog
and other key parameters. Input immunity with the complementary filter
module, designated MTF, meets MIL-STD 1275A/B and MIL-STD 704A.
EMI performance meets MIL-STD 461E with the filter installed.
Single output versions are available with output voltages of 3.3V,

5V, 12V, 15V or 28V. The MTC is fully featured to minimize external
circuitry. It includes an inhibit line, the ability to synchronize with an
external frequency source, output voltage programmable by resistor or
external voltage, thermal warning “battle mode” signal on the 35W units,
over-voltage protection and over-current protection. Both the MTC and
MTF are available now. The MTC is priced from $120 each for the 4W
unit to $260 each for the 35W version. MTFs are $170 each. All prices are
based on 100+ quantities.

L S¥)

%
5
o

XP Power, Littleton, MA. (978) 287-7260. [www.xppower.com].

and-hold and analog muxes.
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PCI Card Supports All 1553 Bus Modes

Despite its age, the MIL-STD-1553 data bus standard remains a popular
solution as a deterministic interface control technology. Targeting 1553
system developers, Alphi Technology has announced the PCI-1553-PLX-x.
It implements a complete single-channel, dual-redundant MIL STD-1553
bus terminal on a half-size PCI Card. Operating with 5V or 3.3V VIO
signaling, the board supports Full Bus Controller, Remote Terminal and
Bus Monitor modes. Support is provided for both direct coupled (short
stub) and transformer coupled (long stub) configurations. Features
include a bus master interface, flexible processor to memory interface,
external 64 kword SRAM,
external clock inputs, front panel
I/O connectors and onboard
transceivers and transformers.

The PLX 9080 PCI-x’s
standard operating temperature
is 0° to 70°C, with support for
-20° to 85°C. Non-operating
temp range is -40° to 85°C.
Other environment specs

include an airflow requirement of .5 CFM, humidity from 5 to
90% (non-condensing), altitude range from 0 to 10,000 ft, vibration
capabilities at 0.5G RMS 20-2000 Hz random and shock of 20G, 11 ms,
one-half sine. Software libraries and drivers are available.

Alphi Technology, Tempe, AZ. (480) 838-2428. [www.alphitech.com].

Mixed-Signal ASICs Boast Rad-Hardening

For space applications, there’s no sending a repairman to fix a faulty chip. That’s why radiation-hardened components are
vital for spaceborne systems. Serving that need, Aeroflex has announced the addition of RadHard Mixed-Signal ASICs to
their RadHard product line. Aeroflex’s RadHard Mixed-Signal ASICs combine high-performance analog with digital logic
and will be offered in 0.6 um (5V) and 0.35 um (3.3V to 10.0V). Specializing in precision data conversion products, Aeroflex’s
analog IP includes ADCs—up to 21-bits resolution—and DACs, along with embedded voltage references, op amps, sample-

The RadHard Mixed-Signal ASICs will meet the same radiation-hardened specifications as Aeroflex’s Digital ASICs—100
krad (Si) to over 1 Megarad (Si) total ionizing dose,” said David Kerwin, director, Mixed-Signal ASICs. The company is
currently designing multiple RadHard mixed-signal ASICs in its commercial RadHard 0.35um Triple-Well CMOS process
for customers, with first deliveries in 1Q07. Future plans include a RadHard 0.18um Triple-Well CMOS technology and
RadHard standard data converter products for space applications.

Aeroflex, Colorado Springs, CO. (719) 594-8035. [www.aeroflex.com].
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Batteries Deliver 3.6V at up to +125°C

Cost may be the key factor in consumer batteries, but for
military users it’s all about the energy density. The
more energy the longer the life of the batteries,
and that means longer missions. With that in
mind, Tadiran, a supplier of lithium battery

technology, has just introduced TLH Series
lithium thionyl chloride cells, long life batteries
that provide 3.6V of power in temperatures up to
+125°C.

Available in all of Tadiran’s standard cell sizes: 1/2AA,
2/3AA, AA, C, D and DD cylindrical cells as well as wafer cells, TLH Series cells offer twice the
energy density of other leading chemistries as well as the widest operation temperature: -55° to
+125°C. Maximum service life of the batteries is 20+ year. The small form-factor devices have a
glass-to-metal hermetical seal, rather than the usual crimped elastomer gasket. Tadiran TLH Series
lithium thionyl chloride batteries are also ISO-9001-certified and UL-recognized.

Tadiran, Port Washington, NY. (516) 621-4980. [www.tadiranbat.com].

Multiplexing Converter Unit Targets Tactical Nets
As the DoD transitions to fully Net-Centric operations, fast, reliable networking gear like
multiplexing protocol converters are becoming critical building blocks. Ultra Electronics-DNE
Technologies has announced a new, modular multiplexing protocol converter for use in tactical
networks. The product, called the CV-MCU?2, can be software-configured to perform CDI/NRZ/
Fiber conversions or up to 4:1 multiplexing
in a single 1-RU chassis. The CV-MCU2
allows the tactical user to configure a single
unit as either a multiplexer or a modem,
or any combination of the two, allowing
the circuits to operate independently or be combined as needed
without replacing hardware modules when a reallocation of circuits is required.
A universal copper/fiber/NRZ module used in the CV-MCU?2 provides both an increase in
port density and circuit flexibility to the tactical user, supporting up to five 20 Mbit/s protocol
conversions per 1-RU chassis. In addition, these modules now provide interoperability with
deployed Canoga Perkins 2270 Fiber Optic Modems, allowing the CV-MCU?2 to be a viable space-
saving alternative when installing new modems in tactical communications vans. All cards are hot-
swappable and can be configured via a front-panel LCD interface, or through Serial DB-9 or Telnet
RJ-45 ports.

Ultra Electronics-DNE Technologies, Wallingford, CT. 1-800-370-4485. [www.ultra-dne.com].

Linux Development Platform for XScale
CPU

The Intel XScale processor architecture has become
a popular choice for low-power, high-compute-
density designs. Those characteristics fit nicely into
the emerging demand for nanocomputing in next-gen
military programs. Supporting that trend, Arcom has
released a new entry-level embedded Linux Development
Kit to support its ultra-low-power PXA255 Xscale-based
single board computers. The 400 MHz VIPER and 200
MHz VIPER-Lite are small footprint SBCs powered by
the PXA255 ARM-compatible RISC processor.

The entry-level VIPER / VIPER-Lite Development Kit for embedded Linux features a compact
implementation of the GNU/Linux operating system based on the standard 2.6 Linux kernel
release. This has been optimized for use on Arcom’s PXA255 platforms and is pre-loaded and
configured into the embedded Flash. The Development Kit is available with two board options, the
fully populated 400 MHz VIPER PC/104 single board computer, or the 200 MHz VIPER-Lite. The
Development Kit includes the VIPER-I/O interface board (offering a selection of opto-isolated I/O
ports) and a converter module to drive a regular analog VGA display. Price for the VIPER-Lite for
Linux kit starts at $495.

Arcom, Overland Park, KS. (913) 549-1000. [www.arcom.com].
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Serial ATA Hard Drive Module Climbs onto AMC

It’s too soon to tell whether or not AMC and MicroTCA will make a big splash in military
applications. But all indications are that they have what it takes to gain acceptance there,
particularly in benign, non-harsh environment applications. With that in mind, GE Fanuc Embedded
Systems has announced its new Telum 200-SATA AdvancedMC hard drive module. The Telum 200-
SATA Serial ATA hard disk drive module is designed for use with AdvancedTCA single board computers and
carrier cards from GE Fanuc Embedded Systems’ extensive line of embedded products, and also with those from

The AMC.3-compliant Telum 200-SATA AdvancedMC module provides large capacity storage for AdvancedTCA and

MicroTCA systems. The serial ATA (SATA I) hard disk drive offers capacities up to 100 Gbytes. An onboard multiplexer is
provided for common options region ports two or three. The unit features Intelligent Platform Management Interface (IPMI) and hot-swap capability,
and works in both standard and continuous operating mode. The AMC.3-compliant Telum 200-SATA AdvancedMC module is available in multiple
configurations, including standard or continuous operation (extended duty cycle) hard drives.

GE Fanuc Embedded Systems, Albuquerque, NM. (505) 875-0600. [www.sbs.com].

Gbit Ethernet
Controller Features
Advanced TOE

The military is
entrenched in its growing
affection for Ethernet. It
offers both the ubiquity and
longevity that are critical in
the defense world. Feeding

those needs, Data Device
Corp. (DDC) has announced
the production release of its
next-generation ET-71000
GigExtreme Intelligent Gigabit Ethernet Network Access Controller
(NAC). Featuring DDC’s TCP/IP Offload Engine (TOE) technology, the
extended-temperature NAC is currently being implemented in a USAF
bomber upgrade program.

By offloading the entire TCP/IP stack, DDC’s ET-71000 series’ TOE
reduces host utilization to less than 5%, compared to 50% or higher
processor loading experienced with standard Gigabit Ethernet interfaces.
A transparent host driver implemented using a standard TCP/IP socket
interface, enables operation of the ET-71000 without modification to the
network application. The cards are conduction-cooled, with front and
rear panel network interface options, operate over a wide -40° to +85°C
temperature range, and feature a dual-redundant architecture.

Data Device Corp. Bohemia, (631) 567-5600. [www.ddc-web.com].

PCle Dual PMC Carrier Card Delivers 8 Lanes, FPDP

A new full-length PCI Express carrier card is reputedly the first to
support eight lanes of PCIe I/O and dual FPDP connectors, giving
military system designers higher data transfer rates than are possible
with conventional parallel buses. The ICS-7003 from ICS, part of
Radstone Embedded Computing, provides a platform for subsystem
blades based on two PMCs. It includes a PCI Express to dual
PCI-X bridge, and each of its PMC sites supports PCI-X
(64-bit, 133 MHz), allowing data rates of up to 1
Gbyte/s, or up to 2 Gbytes/s in each direction
simultaneously.

An intelligent switch matrix
provides user-defined Pn4
connections between the
two PMC modules,
entirely
avoiding the
host processor
and operating
system. The switch also
provides support for the
board’s two FPDP II ports.
Installation into 8-lane or 16-
lane PCle systems requires no additional drivers. Pricing begins at $2,964.

Radstone Embedded Computing, Billerica, MA. (800) 368-2738.
[www.radstone.com].
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ATCA, FPGA, Java, RTOS, SwitchFabric Interconnects, Windows, Wireless Connectivity, and much more.

Meet the Experts
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Coming Next Month
Coming Next Month in November COTS Journal

e Power Conversion. Once relegated to an afterthought in the system design process, power supplies and power conversion
electronics now rank as a make or break technical choice in embedded military computer systems. With more and more com- J [] ” H " H L
puting stuffed into smaller spaces, power has direct implications on the size, cooling and mobility of a system. Articles in this
section examine technology trends affecting DC/DC converters, power supply module bricks and slot-card power supplies (VME, cPCl and others).

e Stand-Alone Rugged Boxes. A trend has been gathering momentum in the past couple years whereby traditional embedded board vendors are adding
stand-alone rugged box-level systems to their military market offerings. These complete system boxes—uwhich often support standard form-factor boards
inside them——provide a complete, tested and enclosed computing solution that eliminates complex integration chores for customers. This section looks at

this emerging product class and outlines the problems it solves.

o JTRS HMS Design Considerations. The DoD’s Joint Tactical Radio System (JTRS) has traveled a rocky road, but it's off and running after a major rescop-
ing of the program earlier this year. As part of the reorg, JTRS Cluster 5 radios were redesignated “Handheld/Manpack/Small Form Fit” (HMS) radios. Ar-
ticles in this section focus on this portion of JTRS with an overview of the critical size, weight and power design considerations particular to this category
of radios.

e fibre Channel Boards. Fibre Channel boasts proven success in commercial markets along with a solid set of mature specifications and standards, with
work on-going toward higher performance levels. Fibre Channel remains popular as a back-end link to storage in radar, SIGINT and other military systems.
It's seen as a “here today” alternative like switched fabric storage links. This Tech Focus section updates readers on Fibre Channel boards in PMC and
other form-factors, and provides a product album of representative boards.
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Editorial

Jeff Child-. Editor-in-Chief

an

anxiety during the run up to January 1, 2000. When embed-

ded clock circuitry on chips had to deal with “00” in their
2-digit year registers, many seriously expected the world to stop
working. The problem ended up being more isolated and less
dire than expected. And the phrase “Y2K” faded from view.

In many ways, the general commercial electronics industry
woke up on the morning of July 1 able to put the European Union’s
RoHS behind them just as easily as Y2K. The major semiconductor
vendors have by and large already made their complete shift over to
RoHS compliance. And for the biggest chip markets like consumer
electronics, boards and even end-user devices are now always dis-

I t’s with wry amusement that we look back at the hype and

accommodate the global transition to lead-free electronics.

Three of those documents prepared by LEAP-WG were released
in mid-July. The first one, GEIA-STD-0005-1, Performance Standard
for Aerospace and High Performance Electronic Systems Containing
Lead-Free Solder, gives broad direction to defense and aerospace sup-
pliers and manufacturers on customer “care-abouts” in the form of
objectives, and requires suppliers to document the processes they will
use to satisfy the objectives. Examples of objectives are quality and
reliability, configuration control, repair and rework.

The second document, GEIA-STD-0005-2, is dubbed Stan-
dard for Mitigating the Effects of Tin Whiskers in Aerospace and
High Performance Electronic Systems. Although many aerospace

and defense electronics manufacturers

5 will continue to use tin-lead as an at-
0 s n t n Ot e r tachment alloy for printed wiring as-
semblies, there will be little alternative to

posed of rather than repaired. No issues there of long-term reliability
or of mixing leaded and lead-free components in the same system.

The situation is not so rosy in the defense market. Ironi-
cally, the defense industry, while one of the industries that’s
exempt from the Restriction of Hazardous Substances (RoHS)
initiative, is much more affected by it than other industries. That
doesn’t mean makers of board-level products, for example, are
off the hook, because in this age of COTS most companies craft
board designs targeted for both military and non-military mar-
kets. Even companies purely in the military market can’t escape
RoHS’s effects because these days it would be extremely costly
and inefficient not to use the chips and components designed for
the commercial market. The only alternative would be boards
populated with completely customized silicon.

It’s clear that military and aerospace markets face some unique
requirements. Much higher reliability requirements, extremely
long service lifetimes (decades) and extended temperature ranges
top the list. Add to that the fact that the DoD is among the few
segments that actually repairs embedded computer boards, rather
than just disposing of them when a component goes bad. Mean-
while, lead-free components face solder issues and tin whisker
failures that aren’t acceptable. Strategies to deal with those issues
are immature at this point, and it’s likely to be years before they’re
solved. And I doubt the U.S. DoD or other countries will jump the
gun before there are satisfactory, well-verified solutions in place.

In the year or so leading up to the July 1 RoHS deadline,
the DoD and other major defense industry institutions, quite
frankly, were slow to show leadership on how to deal with RoHS.
That said, there were efforts underway by the Lead-Free Elec-
tronics in Aerospace Project Working Group (LEAP-WG) of
the AIA. Formed in 2004, the group was tasked to develop and
implement documents describing best practices and technical
guidelines to enable the aerospace industry and the military to
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using parts with lead-free alloy finishes,
the most common of which is pure tin. Pure tin finishes promote
the growth of “tin whiskers,” which can cause serious reliability
problems in aerospace and defense systems. While the technical
details of tin whisker growth and control are not completely un-
derstood, their effects must be controlled in aerospace and de-
fense products. This standard provides a framework to do so. It is
structured according to levels of mitigation, which are selected by
aerospace and defense electronics manufacturers and users, based
on the level of control required for the given application.

The third document, GEIA-HB-0005-1, Program Manage-
ment/Systems Engineering Guidelines for Managing the Transi-
tion to Lead-Free Electronics, provides guidance for program and
systems engineering managers for managing the use of lead-free
electronics. Programs may inadvertently introduce lead-free ele-
ments (including component finish, printed wiring board finish,
or assembly solder) if careful coordination between buyer and sup-
plier is not exercised. This handbook is designed to assist programs
in ensuring the performance, reliability, airworthiness, safety and
certifiability of products, in accordance with GEIA-STD-0005-1.

To be released at a later date, the LEAP-WG is also working
on two other documents: Technical Guidelines for Using Lead-
Free Solder in Aerospace and High Performance Electronic Sys-
tems Containing Lead-Free Solder and Finishes, and Technical
Guidelines for Reliability Testing for Aerospace and High Per-
formance Electronics Containing Lead-Free Solder. According
to the GEIA, all these documents will be eventually submitted
to the International Electrotechnical Commission (IEC) for use
as international standards.

So the good news is that the DoD has begun to provide guidance
on dealing with the RoHS beast, although more definitely needs to be
done. The bad news is that, unlike life after Y2K, we have to get used
to the fact that life after RoHS, particularly for the defense industry, is
something we’ll have to deal with long after the morning after. 1l
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GE Fanuc
Embedded Systems

We can save you time. How

you spend it is up to you.

With 50+ single board computers to choose from, we probably have what you're looking for.

Finding exactly the right single board computer
can be a time-consuming task, but it can be lot
simpler when you start your search at GE Fanuc
Embedded Systems. We have such a vast selection
that you're likely to find what you're looking

for, no matter what the form factor, processor,
ruggedization level, I/O or configuration.

This PICMG® 2.16 compliant computer, for example,
offers 3 Gigabit Ethernet ports, 16 programmable
GPIO ports, a 167 MHz MPX system bus, and gives
you the choice between a 1 GHz or a 1.4 GHz
Freescale™ PowerPC® G4 processor. It can be
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ordered with convection or conduction cooling,
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cPCl single board computers, most of which are
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together so you don't have to.
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