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It is said that there is nothing more cer-
tain than change. This is especially true 
of the remarkable advancements made 

in embedded computing. And, nowhere are 
the advancements realized from embed-
ded computing form factors and standards 
more tested and scrutinized than in mili-
tary systems. Applications for the modern 
battlefield challenge the rigors of design 
methodologies where only the strongest, 
most viable form factors ultimately survive. 
But, because of varied military application 
requirements, both technology and pro-
gram based, no one embedded form factor 
suits all needs. That is why multiple embed-
ded computing form factors have been de-
veloped and continue to successfully serve 
the needs of specific applications.

With the reality that “one size does not 
fit all,” there are those standardized com-
mercial off-the-shelf (COTS) platforms 
that demonstrate their mettle time after 
time particularly in the military environ-
ment. If the list needs to be narrowed down 
to four form factors, it would include VME, 
CompactPCI and COM Express Com-
puter-on-Modules (COMs), with VPX 
joining the ranks as a successful newcomer 
that has quickly proven its worth.

Military OEMs have learned that all 
factors must be considered in order to deter-

mine the best design approach. This is why 
no discussion of the secure future for specific 
embedded form factors would be complete 
without the important system requirements 
and metrics by which they are judged. Of 
fundamental importance are adherence 
to size, weight and power (SWaP) require-
ments, and military programs have added 

the all-important “C”—cost to the equation. 
Another certainty is that systems will con-
tinue to be smaller, and the form factors that 
enable them will need to evolve to match.

Performance and Interoperability
Performance and interoperability de-

mands on military systems drive embed-
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There are distinct differences between the embedded computing form factors that 
have gained the most traction in the defense market. But the top choices have 
achieved a level of acceptance that’s particularly important to military system designs.

One Size Doesn’t Fit All in 
Form Factor Choice

Four Embedded Form Factors with the Most Secure Future
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Figure 1

6U VME boards are the selected computing form factor for several major Mobile Radar 
Systems programs. The system technology features include high-speed computing, 
automatic target recognition, computer-based decision aids and high-speed networking.
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Figure 2

This military ground vehicle program, for example, has deployed a 6U CompactPCI board to manage data and voice communications. These 
vehicles have exacting communication protocol support requirements and must operate reliably in the most severe temperature and high shock 
and vibration environments.
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ded computing form factors to support 
a variety of data and sensor sources with 
ever higher image resolution technologies 
for air, sea and land surveillance and tacti-
cal weapons applications. Computing per-
formance requirements go hand-in-hand 
with the need for massive bandwidth and 
secure connectivity for effective battle-
field coordination. The most viable form 
factors need to deliver immense data pro-
cessing capabilities with advanced com-
munication protocol support.

The standardization and easy inte-
gration of proven advanced technologies 
is a must. Securing a form factor’s future 
requires the porting of the latest proces-
sor architectures, chip sets and software 
within standards-based boards and sys-
tems enclosures. Meanwhile, it is crucial 
that military systems have the highest 
availability and reliability. Continued 
breakthroughs in cooling methodologies 

and thermal management are essential in 
meeting this metric.

The Standard-Bearer: VME
VME has proven itself over the long 

haul as the COTS standard-bearer in 
military systems, and it is the most de-
ployed standard in military applications 
for many good reasons. VME has given 
developers a successful history of design 
flexibility due to its open architecture, 
proven reliability, rugged performance 
and a well-established support ecosys-
tem. Its VMEbus architecture provides 
high bandwidth with a backplane that 
enables easy maintenance and improved 
configuration flexibility. VME virtually 
opened the door for real-time computing 
with its 32-bit addressing and data path 
and highly ruggedized connector.

Furthermore, VME’s 25-year role 
in military design remains steadfast in 

its ability to be upgraded and adaptable 
to address the needs of evolving military 
systems. This is proven in the VME64X 
development that supports a 64-bit bus 
plus I/O features that include an addi-
tional backplane connector with 95 more 
pins and rear I/O capabilities. VME has 
also adopted key technology from other 
form factors to keep its edge, such as us-
ing GETH on the backplane specified in 
the VITA31.1 standard. The ubiquitous 
PICMG 2.16 VME specification enables 
VME to leverage CompactPCI ETH 
switches making it VITA31.1 compliant.

In many programs, the VME form 
factor offers a cost-effective option for 
specific performance, I/O and ruggedness 
requirements. Designers are realizing that 
form factors such as VPX complement 
VME, not replace it, allowing programs to 
maintain performance while keeping bud-
gets and development time at a minimum. 
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Figure 1 shows an example mobile radar 
system that relies on 6U VME technology.

Proven Performer: CompactPCI
CompactPCI has earned its place 

as a well-accepted form factor for mili-
tary applications. Matching many of the 
demands of military systems in every-
thing from command control, aircraft 
and ground vehicles, the CompactPCI 
form factor delivers ruggedness, high 
bandwidth and long life in a cost-effec-
tive standardized modular platform. 
CompactPCI is a solid and proven plat-
form that supports multiple Gigabit 
Ethernet communication links over the 
backplane. It delivers high processing 
performance and I/O throughput in a 
proven smaller, scalable and rugged form 
factor. Both 3U and 6U CompactPCI 
form factors are available with the latest 
dual-core and quad-core high-perfor-
mance processor architectures and user-
familiar interface technologies such as 
Gigabit Ethernet and Serial ATA. It offers 
an optimum military system solution 
with sophisticated system management 
and dense computing performance, all 
supported by advanced air- or conduc-
tion-cooled thermal management.

Helping to meet the demand for 
high-availability systems, CompactPCI 
also provides hot-swap support and IPMI 
(PICMG 2.9-compliant Intelligent Plat-
form Management Interface). These fea-
tures enable developers and users to at-
tach additional blades to facilitate system 
upgrades. The flexibility of the system is 
further enhanced by a high degree of in-
tegration in a small form factor including 
memory and networking slots and rear 
I/O support.

For example, CompactPCI delivers 
several advantages by providing either 
a 32-bit or a full 64-bit wide bus in a 
smaller 3U form factor. Military design-
ers also select CompactPCI because of its 
extensive software development environ-
ment and tools as it meets the needs for 
real-time and standard operating system 
support and enjoys a rich hardware and 
software ecosystem. Backplane I/O pro-
vides another advantage for military sys-
tems that have to withstand high levels of 
shock and vibration. Figure 2 shows an 

example of a vehicle-mounted military 
communications system that uses 6U 
CompactPCI boards.

The Ultimate SWaP-C: COM 
Express

Small form factor modules are con-
tinually seen as essential building blocks 
that help to reduce military application 
development costs by protecting design 
investments and paving the way for fu-
ture savings with a scalable migration 
path. Computer-on-modules (COMs) are 
also known for streamlining the upgrade 
path to integrate future technologies 
where smaller and more mobile designs 
are becoming the norm. 

A small form factor that continues to 
offer designers long-term options is COM 
Express, which consistently has provided 
technology advancements in terms of 
performance, low power and extended 
temperature functionality. The scalabil-
ity aspects of COM Express allow the cur-
rent module to be replaced with another 
that matches their requirements. So when 
an application needs to migrate to a pro-
cessor architecture with improved com-
puting performance or one that provides 
lower power consumption, using this ap-
proach allows designers to integrate new 
processor and technology advances while 

safeguarding customization investments. 
It also lessens development risk and helps 
shorten time-to-market, making OEMs 
in control of the migration path.

COM Express is also a cost-effective 
solution that supports graphics-intensive 
requirements in many of today’s military 
systems. It offers a powerful parallel pro-
cessing and graphics unit and supports a 
variety of graphics interfaces, making it 
an optimal solution for applications re-
quiring extremely high graphics perfor-
mance. This is especially important for 
high-performance data processing used 
in military applications that need to per-
form image processing, data encoding 
and situational awareness.

COM Express supports designers 
with a healthy ecosystem of resources 
to manage migration, as well as essen-
tial design flexibility to add new features 
with custom carrier boards. This is a sig-
nificant advantage when scaling a design 
not only from generation to generation, 
but also within a single generation. For 
example, OEMs have a drop-in replace-
ment for energy efficient upgrades and 
extended usage models by easily migrat-
ing to the Kontron COMe-cPV2 XT COM 
Express compact module (Figure 3). This 
module offers a rugged design rated for 
the extended temperature range of -40° to 
+85°C and delivers high performance via 
the Dual-Core Intel Atom processor. 

Built for Speed: VPX
One of the major performance-

enhancing benefits of VPX is its ability 
to provide full data plane bandwidth on 
the backplane. VPX allows each board to 
have access to higher performance tech-
nologies, such as 10GbE, Serial RapidIO 
and PCI Express, thanks to its OpenVPX 
connector and backplane design. These 
serial high-speed backplanes allow full 
bandwidth between each board, which 
gives designers incredible flexibility to 
implement high-speed serial link point-
to-point connections between boards 
compared to the limitations of parallel 
bus architectures.

With VPX-based boards, fabric pro-
tocol compatibility is no longer an issue. 
VPX backplane technology, signal alloca-
tion and voltage on the backplane are the 

Figure 3

The COMe-cPV2 XT COM Express 
compact module offers a rugged design 
rated for the extended temperature 
range of -40° to +85°C and delivers 
high performance via the Dual-Core 
Intel Atom processor.
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same no matter what the final choice of 
fabric technology. VPX gives military de-
signers increased flexibility to add differ-
ent types of I/O directly into the fabric.

VPX also offers development time 
and cost savings. Eliminated from the 
design is the specialized data transmis-
sion mezzanine board for the exchange 
of data from board to board, which re-
duces costs. With VPX, the core chipset 
now delivers high-speed I/O on the 
backplane to remove the need for spe-
cific device driver development, which 
reduces development time. Another im-
portant advantage for military tech up-
grades is VPX’s ability to meet SWaP-C 
requirements. Offering a transition path 
from the huge installed base of 6U VME 
in a broad range of legacy applications, 
military designers can combine 6U and 
3U VPX on the backplane to reduce the 
computing footprint. This approach pro-
vides an optimal low-risk, highly efficient 
and COTS-based solution to migrate a 
design. Figure 4 shows an example of a 
high-performance VPX board solution.

Solid Support for Military 
Systems

Again, military systems designers are 
best served with a thorough evaluation of 
application and program requirements 
to determine the right embedded COTS 
form factor for a specific design. The 
form factors highlighted here represent 
the most popular ones adopted by many 
OEMs, but they are clearly not the only 

solutions available. VME, CompactPCI, 
COM Express and VPX all represent 
strong and proven form factors that have 
a viable future in military applications 
because of their support of performance 
and reliability enhancements in match-
ing the complex requirements in this 
demanding industry. The good news for 
military designers is that there is a good 
range of solid solutions where one form 
factor is the clear winner to meet SWaP-
C priorities and another to optimize and 
upgrade a legacy design, and still a third 
that is the optimal choice to support the 

highest performance requirements. With 
standardized COTS-based form factors, 
OEMs are assured of interoperable plat-
forms that streamline the development 
process to reduce costs and speed time-
to-market, thus securing advancements 
for the modern battlefield and securing 
our future as well.  
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Figure 4

For programs that need compact high-performance parallel computing with advanced HD 
graphics, the VX3035 is a multi-purpose 3U VPX single board computer that offers ultra 
high performance while meeting SWaP-C requirements.


