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Dear Readers,

It is fact that standards swarm
the market for embedded com-
puting. And it�s also fact that
there are many so called standards
that it needs some effort to find
the right standard for a given ap-
plication. Probably it started all
with x86, the first standard com-
ing from the PC world and will
certainly not end with COM Ex-
press ,one of these actual stan-
dards which gained great mo-
mentum and therefore impor-
tance in embedded computing
launched in 2004. In the COM
Express COM.0 specification, the

PICMG defines the standard for a Computer-on-Module (COM) as
a bootable host computer in the form of a single large-scale integrated
component. The vendor-independent specification of interfaces and
form factors for Computer-on-Modules gives designers and solution
providers a firm basis on which to develop products for the market
that are future-oriented and promise long-term availability. PICMG
continues along the right path with the Rev 2.0 of the COM Express
specification. You�ll find the new features and differences between
COM Express COM.0 specification and the actual Rev. 2.0 in an
article at page 24.

But back to x86 systems. Many of the standards in embedded com-
puting are based on this primary standard but nevertheless there is
still room for proprietary embedded computing systems. It is well-
known in the industry that standardization of x86 systems for
industrial applications dates back to the nineties, when the first
PC/104 systems and ISA slot cards were introduced. Standardization
here refers to the form factor and the joint bus system, in this case the
ISA bus. The advantage for the user was readily apparent in the large
number of exchangeable or complementary systems by various
vendors. Over the years, additional bus systems, such as the PCI bus
and now PCIe bus, were added, leading to new standards. The most
recent version of a corresponding system with PCI and PCIe bus is
COM Express.

If, however, the application is closer to a direct machine control, dif-
ferent interfaces and functions play a role. Serial interfaces, GPIOs
and field buses are important here. In the PC world, these interfaces
are implemented through in part elaborate additional cards. This is
exactly where ARM-based processors apply - the combination of PC-
based basic functions coupled with special machine-oriented interfaces.
The significantly lower power loss is invoked by processor manufac-
turers as an additional criterion. The diversity of processor variants
outside the x86-world for which module solutions and so-called stan-
dards are offered is almost limitless. An article starting at page 30
 describes that proprietary systems are useful in the non-x86 market
since they provide the full functionality and strengths of the chosen
processor on the one hand and, to a certain extent, offer the advantages
of the interchangeability of x86 systems.

Yours sincerly
Wolfgang Patelay
(Editor)
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ATCA is now ready for defence 
and aerospace applications Page 5

This article explains why ACTA is an ideal platform for system
developers seeking rapid development at low cost. Further, the
flexibility of  the architecture gives ATCA the ability to meet many
different military networking needs, helping ensure interoperability
among diverse systems for information exchange and avoiding
stovepipe installations.

CompactPCI cards for advanced 
avionics systems development Page 8

CompactPCI is a first choice for
 modernizing legacy test equipment
or developing a new system. Its mod-
ular hardware design, wide range of
COTS I/O options, good instrumenta-
tion control, and clear migration path
to future technology make it a smart,
cost-effective and flexible solution
able to support avionics systems development for years to come.

Will Ethernet be the only train bus 
in the trains of the future? Page 13

This article discusses the various train busses used today and the
possibility that Ethernet could become the train bus of the future.

Modular controllers enable platform
concept for custom applications Page 20

Despite the varied purposes that
industrial controllers serve, an analy-
sis of  several hundred enquiries and
projects has revealed correspondenc-
es between the detailed require-
ments. On this basis EDM has devel-
oped a modular platform concept
adaptable to particular customer needs.

Can proprietary ARM-based systems
exist alongside the x86 standards? Page 30

This article reviews the proliferation of
standards  following x86, so that it is
now difficult to define a standard in the
clear x86 market and even more so in
the non-x86  market, and argues that
 proprietary systems have a role in the
non-x86 market,  providing the full
functionality of the chosen processor on one hand and the
 interchangeability of x86  systems on the other. 

Software development optimised
through unit testing Page 35

Unit test tools have long  provided commercial benefit for the team
developing the highest integrity applications. Now these tools can
also streamline the efforts of their peers working in less critical
environments – even those charged with the  ongoing develop-
ment of undocumented legacy code.
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n A significant change in the military equip-
ment market is a shift in focus for equipment
development. Electronic warfare driven by
C4ISR is gaining favour over big-ticket weapons
systems. Winning unconventional conflicts re-
quires that both the warfighter and upper
command have rapid access to actionable in-
telligence. And that requires high-performance,
data networking. Ideally, this data networking
would operate across the entire force structure
so that all service branches can exchange C4ISR
information. Further, the networking should
operate across multi-national forces. This need
for wide interoperability calls for networking
solutions that stem from open standards rather
than proprietary designs. The ideal solution
would be a single architecture that could serve
a wide variety of nodes across the services and
be able to evolve as application needs change.

These COTS infrastructures do not necessarily
need to handle the extreme conditions of the
battlefield, however. Shipboard computing cen-
ters, airborne communications platforms, and
theatre command centers are much more be-
nign environments than field equipment must
handle, and equipment for these installations
do not need the same extreme levels of ruggedi-
zation. The network operations center of a
naval vessel, for instance, resides on an isolated
deck deep within the ship in an environment
similar to commercial IT installations. While

this environment is more demanding than
faced by typical consumer electronics, it is not
as harsh as that faced by UAVs, tanks, Humvees
and the like. While such installations can utilize
equipment with less than full military ruggedi-
zation they still demand that the equipment
provide highly reliable operation. To achieve
this, the COTS designs must incorporate high
availability features such as fault tolerance, au-
tomatic switchover to redundant systems dur-
ing hard failures, and support for rapid, hot-
swap component replacement. Fortunately, the
evolution of the AdvancedTCA or ATCA COTS
networking design architecture from its original
backplane bandwidth of 1 GbE to the now
widely-deployed 10 GbE and emerging 40
GbE performance addresses all these opera-
tional  requirements.

The ATCA architecture is an open industry
standard originally developed to offer an alter-
native to proprietary designs in the telecom-
munications industry. The standards allow
multiple vendors to develop individual system
components that are interoperable, allowing
construction of systems through the mix-and-
match of components. The approach is field-
proven, with numerous examples of installed
ATCA-based systems with more than seven
years of operating history. To meet the operat-
ing needs, including compliance to telecom
Network Equipment Building System (NEBS)

standards, ATCA was designed from the ground
up with a number of key features, all of which
are applicable to the military requirements.
The architecture is modular, allowing consid-
erable functional diversity to arise from the as-
sembly of relatively few component pieces.
The architecture is also highly flexible, sup-
porting a wide variety of networking standards
over a configurable serial backplane.

The ATCA architecture is also more robust
than typical industrial computing structures.
ATCA targets high-reliability installations with
specifications that require built-in support for
live insertion and hot swap of modules and
boards as well as system components such as
power supplies and cooling fans. Fault detection
and system control are built in, allowing mod-
ule-level isolation and replacement as well as
support for fail-over operation when using re-
dundant designs. Even the system software
targets high reliability, with a robust real-time
operating system and high-availability mid-
dleware available as a standard software base.
ATCA specifications also call for system oper-
ation in harsher environments than the typical
home or office. Because telecommunications
equipment must often run unattended for
months at a time in tight quarters such as
small cinder-block buildings, the ATCA speci-
fications call for operation at sustained tem-
peratures as high as 55°C, with the ability to

ATCA is now ready for defence 
and aerospace applications
By James B. Doyle, Emerson Network Power

This article explains why ACTA
is an ideal platform for system

developers seeking rapid
development at low cost.

Further, the flexibility of  
the architecture gives ATCA

the ability to meet many 
different military networking
needs, helping ensure inter-

operability among diverse 
systems for information
exchange and avoiding
stovepipe installations.

Figure 1. Application Spectrum - the ideal
COTS solution to the military networking
needs would be able to tie together diverse
nodes across all service branches.
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maintain operation for several hours even in
the event of failures in the cooling system. For
shock and vibration, the specifications require
that equipment survive and continue func-
tioning through a major earthquake.

A high-level look at the ATCA architecture re-
veals how it achieves these goals. The basic
building block of an ATCA system is the blade,
which inserts into a high-speed switched serial
backplane. Each blade has access to as many
as 21 serial channels, called lanes, with each
lane handling data at rates as high as 12
Gbit/sec. This gives a combined data through-
put capacity of 2.4 Terabit/sec for an ATCA
system. The switched-serial backplane is pro-
tocol-agnostic allowing it to support a variety
of serial communications formats, including
10 Gbit/sec Ethernet (10 GbE), Serial RapidIO,
and PCI Express. An ATCA backplane can
support virtually any serial connection to out-
side equipment in its native format and pro-
vides guaranteed bandwidth for inter-blade

communications. The appeal of Ethernet-based
networking in the digitized battlefield is clear.
And with the advent of 10 GbE and beyond,
Ethernet is no longer limited to the command
and control fabric in systems. It can also func-
tion as a fat pipe that reaches all the way down
to high-bandwidth sensors. So it is not sur-
prising that 10 GbE is being designed into
more and more defence applications, both in
the main network and as the pipe to and from
sensors or effectors. 10 GbE-based ATCA sys-
tems can also support a wide range of military,
aerospace and government applications in-
cluding sophisticated adaptive beam-forming
for satellite communications, test equipment
with multiple processing elements, long-range
radar systems, and high-bandwidth low-latency
wireless test beds.

An integral part of an ATCA system is its
built-in system management. Each ATCA blade
or AMC module on an ATCA blade communi-
cates with a shelf manager for monitoring,
setup, and control. Other field-replaceable
units, such as cooling units and power modules,
also have management controllers. The man-
agement controllers have the ability to deter-
mine module type for electronic keying. They
can also detect failures and shut down opera-
tion of their client to prevent a single failure
from affecting system operation. AMC modules,
for instance, have independent power connec-
tions for the MMC and the rest of the module,
with the MMC having control over the I/O
drivers on the AMC. This allows the MMC to
disconnect the AMC from the system backplane
and power it down in the event of failure or
the need for hot-swap replacement. Similar
capabilities are built into the cooling units
and power modules. Higher-level software can
use this infrastructure to implement such func-
tions as fail-over to redundant hardware for

high-availability operation. The goal behind
the creation of ATCA was to give networking
equipment providers a robust alternative to
proprietary designs to both speed development
cycles and reduce cost while maintaining the
ability to implement product differentiation.
Fulfilling that promise required the creation of
a robust COTS ecosystem to provide multiple
sources for system components while ensuring
interoperability among the offerings. This ecosys-
tem is now both substantial and well-established.
The PCI Industrial Computer Manufacturer
Group (PICMG) developed and maintains the
ATCA standard standards, including definition
of chassis, modules, boards, and system man-
agement operation. More than 60 companies
belong to PICMG and provide a wide range of
ATCA blades, AMC modules, chassis, and full
systems. This diverse supplier base not only
gives developers multiple sources for many sys-
tem components, it allows developers to choose
the best in class for each component. The Com-
munications Platform Trade Association (CP-
TA) provides definitions and test procedures to
ensure thermal and system management inter-
operability among these ATCA products. Other
industry organizations provide standards and
reference implementations for operating systems
and high-availability middleware.

In addition to its telecommunications origin,
ATCA has also proven itself in applications
such as medical systems, enterprise data centers,
financial systems, and the military. For example,
an ATCA-based system is currently providing
ISR support in the Multi-mission Maritime
Aircraft (MMA) system. Systems based on
ATCA are also under evaluation for programs
such as CANES. Northrop Grumman recently
performed afloat shock testing, better known
in the defence industry as barge testing, on
two Emerson Network Power ATCA systems
to verify their continual operation in a ship-
board environment throughout a blast scenario.
The equipment showed no faults over a series
of tests involving multiple blasts and a variety
of equipment mounts and orientations.

Along with being a proven architecture, ATCA
is continually evolving to take advantage of
new technologies as well as expand its applica-
tion range. The modular nature makes up-
grades of processors and adding new interfaces
a relatively simple matter. The architecture
itself is also seeing upgrades through the con-
tinual efforts of the PICMG organization,
which has established a new subcommittee to
develop the standard – named ATCA Exten-
sions. The brief for ATCA Extensions is fairly
wide-ranging, encompassing from simple
changes to make existing blades more cost-op-
timized for non-central office environments,
through to supporting new higher compute-
density system configurations, including dou-

Figure 2. ATCA includes a built-in system management function that provides the essential fea-
tures of fault-tolerant, high reliability system design, as illustrated by the architecture of the
Emerson Network Power Centellis 4440 40Gbit-ready ATCA system platform.

Figure 3. Tests by Northrop Grumman
demonstrated that ATCA equipment is able
to survive barge testing, showing its suitabili-
ty for deployment as shipboard systems.
MIL-S-901D Heavyweight Shock Test
Photographs courtesy of National Technical
Systems in Rustburg, VA.
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ble-wide server blades to make use of bigger
heat sinks to further increase CPU power, and
back-to-back enclosures to make more use of
typical data center rack depths. However, back-
wards and forwards compatibility remains a
key driving principle, preserving existing in-
vestment and the ability to make use of other
components in the ecosystem to arrive at the
best solution. ATCA backplane speed increases
are also under development. The PICMG or-

ganization has already adopted an approach
for providing a 10 Gbit/s serial channel across
the backplane using four 2.5 Gbps lanes oper-
ating together. It is now developing new speci-
fications for connectors and backplanes that
would allow the same structure to utilize 10
Gbit/s speeds on those four lanes to create a 40
Gbit/s channel. In anticipation of this specifi-
cation, Emerson Network Power is now offering
chassis systems that are 40 Gbit/s-ready to

 simplify system upgrade when corresponding
blades and AMC modules become available.
Such development efforts by the PICMG or-
ganization reflect a commitment within the
ATCA ecosystem to continually improving the
specification and keeping abreast of new tech-
nology opportunities. For military applications,
this commitment translates to assurances that
ATCA-based systems will be upgradeable to
track the state-of-the-art for many years to
come. Routine upgrades can be handled through
module and blade replacement and, while major
upgrades may occasionally require chassis re-
placement, blades and software should remain
compatible across most such replacements.

The ATCA architecture thus meets all the key
criteria for COTS-based military system designs.
It is designed specifically for high-availability
applications in moderately harsh environments
similar to many military infrastructure instal-
lations, and is undergoing extensions to add
ruggedization options for even harsher envi-
ronments. Its modularity gives it the flexibility
to adapt to a wide variety of data protocols
and I/O interfaces, while simplifying mainte-
nance and supply by minimizing the number
of building blocks needed across multiple
 system designs. n

Figure 4. The current ATCA specification allows the combination of four lanes to provide a 10
Gbit/sec link between boards, and specifications are under development to extend this to achieve
40 Gbit/sec

http://www.dcc-web.com/test/B


n The CompactPCI (cPCI) form factor has
continued to allow avionics system designers
to keep development costs low through the
use of commercial off-the-shelf (COTS) prod-
ucts. It remains a very popular form factor
choice for systems requiring multiple and
modular I/O capabilities, specifically avionics
protocols, such as MIL-STD-1553 and ARINC
429. In the defense/aerospace sector, some
sample applications are system simulation/in-
tegration, production/automated test (ATP),
portable test equipment, and rapid prototyping
of custom hardware designs.

The cPCI specification was developed by the
PCI Industrial Computer Manufacturers Group
(PICMG) in the mid 1990s to incorporate
PCI-based technology into industrial comput-
ers. It is electrically a superset of desktop PCI
with a different physical form factor. Com-
pactPCI leverages the Eurocard form factor,
popularized by the VME bus, and supports
both 3U (100mm x 160mm) and 6U (160mm
x 233mm) card sizes. Though mainly used in
lab environments, a conduction-cooled form
factor variant exists to support harsh shock,
vibration, and temperature conditions, while
maintaining the same electrical PCI character-
istics and signaling. Since cPCI uses a chassis
rack-mountable backplane and is physically
similar to VME, it was quickly adopted by the
avionics community, which had been domi-

nated by VME since the early 1980s. The cPCI
form factor maintains core system requirements
such as vertical card orientation, positive card
retention, excellent shock and vibration
 characteristics, and front or rear I/O options.
What really added to its appeal was the use of
standard PCI silicon, which was already being
manufactured in large volumes for use in the
desktop computer marketplace. This greatly
reduced the cost of manufacturing cPCI cards
compared with VME cards. As VME designs
become more difficult to manufacture and
support, cPCI offers an ideal alternative to
support the needs formerly handled by VME
cards.

Once the test and measurement community
started to adopt cPCI, it was clear that they
needed more capability to meet timing and
synchronization requirements across multiple
devices. Previously, VME cards addressed this
need with the VXI Bus enhancement. This re-
sulted in the creation of the PXI (PCI eXten-
sions for Instrumentation) platform. The PXI
platform added an additional optional con-
nector to the already defined cPCI form factor.
This connector enabled integrated timing and
synchronization that is used to route synchro-
nization clocks and triggers internally through
the chassis backplane. Today, most test appli-
cations that previously would have required
VME cards now rely on lower cost cPCI cards.

Data Device Corporation (DDC) provides
CompactPCI/PXI cards for MIL-STD-
1553/1760, ARINC 429, and synchro/resolver
with many cards combining different types of
I/O on one board to save even more power,
space, weight, and cost. For example, the latest
generation of Multi-IO CompactPCI/PXI cards
BU-67107T would require only a single 3U
card to support 4 dual-redundant MIL-STD-
1553 channels, 8 ARINC-429 receivers, 4
ARINC-429 transmitters, 6 user-programmable
digital discretes, 2 RS-232 channels, and 2 RS-
422/485 channels. Using only single-IO solu-
tions, an equivalent system would require 4
separate devices, greatly increasing the cost
and installation time expended by system
 designers.

With respect to the MIL-STD-1553 protocol,
DDC gives more control to the system designer,
by offering two levels of functionality. Its latest
1553 generation, AceXtreme, now comes in
single and multi-function configurations. The
single-function configuration offers emulation
of a bus controller (BC) or up to 31 remote
terminals (RTs). Either mode can concurrently
execute the bus monitor (MT), to capture all
data on the bus. The multi-function configu-
ration, targeted for test and simulation systems,
adds the ability to concurrently run the BC,
up to 31 RTs, and MT, and also includes the
1553 test and simulation toolkit. The toolkit

CompactPCI cards for advanced 
avionics systems development

DEFENCE & AEROSPACE

By Michael J. Randazzo, DDC

CompactPCI is a first choice
for modernizing legacy test
equipment or developing a

new system. Its modular hard-
ware design, wide range of

COTS I/O options, good
instrumentation control, and

clear migration path to future
technology make it a smart,

cost-effective and flexible
solution able to support

avionics systems development
for years to come.

Figure 1. Example of a
CompactPCI chassis
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adds error injection, internal/external triggering,
and the ability to test out-of-bounds 1553
 parameters (such as intermessage gap). The
BU-67210T 1553 multi-function series are 3U
CompactPCI/PXI cards with up to 4 dual-
 redundant 1553 channels, 8 digital and 8 avion-
ics-level discretes, and IRIG-B input/output.

Since it is relatively easy to assemble and pro-
cure a CompactPCI system with COTS hard-
ware, it is a great choice for prototyping custom
embedded systems. This allows system design-
ers to configure a system with identical hard-
ware and software functionality as the final
system, except using the CompactPCI form
factor. It also enables any software development
to begin before initial prototype hardware is
available so that the designer can address any
system level concerns before mass production.
All DDC software development kits (SDKs)
for MIL-STD-1553 and ARINC-429 are hard-
ware independent and have a common API.
This enables software to be developed and
tested using one form factor (such as cPCI),

and reused in its entirety on a different form
factor (such as PMC or component-level
 solution). Designers using this approach have
benefited from shortened development sched-
ules, less system troubleshooting, and avoiding
costly board re-spins.

To simplify the software development process
even further, DDC offers code generation
 capability with its BusTrACEr BU-69066S0
MIL-STD-1553 data bus analyzer. The tool al-
lows the user to configure a 1553 bus controller,
multiple remote terminals, and a bus monitor
with an easy-to-use point-and-click graphical
interface. Once the 1553 configuration is com-
plete, a single click will generate ANSI C source
code to duplicate the same configuration using
DDC 1553 SDK. The generated source code
then can be used with any operating system
(Windows 2000/XP/Vista/7, Linux, VxWorks,
etc.) and any DDC board or component, saving
the designer many hours of additional pro-
gramming time for the embedded system that
would otherwise be required.

Figure 2. 6U (Synchro/Resolver) vs. 3U (MIL-STD-1553) CompactPCI cards

Figure 3. DDC Multi-IO MIL-STD-1553/ARINC-429 3U cPCI/PXI card
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