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Agilent’s Electronic Measurement Group is becoming Keysight Technologies.

Perf_ormance is its middle name.

t M9393A PXle performance vector signal analyzer

3

GEie  EPe .Hi_pl [y rl‘l

| Akl

e d . (2T W ‘?| *“”*'Hﬂ"'tl'j'h"‘ Al
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analysis capabilities and proven measurement software with modular
hardware speed and accuracy. So you can tailor your system to fit Frequency Tuning 150 ps
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acquire the performance edge in PXI.
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When does the military risk
making a research cut too

Cutting-edge U.S. military technolo-
gy relies on innovations in commer-
cial industry. We know this because
the U.S. Department of Defense
(DOD) budget earmarked for military
research and development is on a
long downward slide.

A 10-year analysis of the DOD’s
annual requests for research, de-
velopment, test, and evaluation
(RDT&E) shows the Pentagon’s
planned spending for priority mili-
tary technology research has fallen
21.5 percent since its 2010 peak dur-
ing the past decade. The Pentagon’s
RDT&E request in 2010 was for $80.92
billion. Since then military research
requests have diminished every year,
and for fiscal 2015, which begins
next Oct. 1, U.S. military leaders have
asked for just $63.55 billion.

That’s the lowest technology re-
search request the Pentagon has
made since 2007. We should ask our-
selves, when does the military risk
making a research cut too far?

Okay, I know that sixty-three and
a half billion dollars is a lot of mon-
ey by any measure. Still, is it suffi-
cient to cover U.S. military technolo-
gy needs over the next decade or so,
amid a world political scene that is
descending into turmoil in the Mid-
dle East, the Western Pacific, and
most lately in the Ukraine, Eastern
Europe, and other regions?

U.S. military procurement budgets
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Is the technology developed in
commercial industry sufficient to
meet growing military needs? Per-
haps it is; maybe I'm just being
alarmist. Still, I see the downward
trend in the nation’s military re-
search budget over the past five
years and I'm not reassured.

Don’t get me wrong, commercial
technology is great, and it’s getting
better. Electronics miniaturization,
high levels of electronics integra-
tion, high-performance embedded
computing, digital communications
and networking, and the like are far
more advanced than they’ve ever
been. Still I'm concerned, because if
it's commercial technology, then it’s
available to everyone, friend and po-
tential foe alike. I reckon that more
often than not it’s the U.S. military
RDT&E budget that drives the unique
technology development that’s nec-
essary to keep our fighting forces on
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the technological leading edge.

Let the military research budget
atrophy, and bad things can hap-
pen. It’s simply not enough to main-
tain the status-quo in these tumul-
tuous times. The size of U.S military
forces is shrinking, with force re-
ductions planned, weapon systems
slated for retirement, and more U.S.
and overseas military base closures
on the horizon. What shouldn’t
shrink is the high level of U.S. mili-
tary technology, and the size of the
DOD’s research budget is a direct
measure of our nation’s resolve to
remain on the technological lead-
ing edge. Once lost, that edge is dif-
ficult, expensive, and time-consum-
ing to get back.

In today’s global economy, it
might not even be possible. We
should think about that before
passively watching the Pentagon’s
RDT&E budget shrink any further. €
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Military spending for electronics and
communications stable after steep decline

BY JOHN KELLER
WASHINGTON—Leaders of the U.S.
Department of Defense (DOD)
propose spending $10.67 billion

in federal fiscal year 2015 for pro-
curement and research in military
communications, electronics,
telecommunications, and intelli-
gence (CET&I) technologies.

That level of $10.67 billion would
represent a slight increase in the
DOD budget from the $10.07 billion
that Congress enacted for CET&I
this year, and is down from the
Pentagon’s fiscal 2014 request of
$11.62 billion. The Pentagon’s CET&I
allocation as recently as 2012 was
$15.14 billion. The DOD’s 2015 bud-
get proposal was released in March.

The 2015 DOD request for CET&I
procurement and research does not
include military activities with sub-
stantial electronics content, such
as aircraft avionics, vetronics, and
missile guidance; when these are
added, DOD spending levels for
military electronics and defense
electro-optics could approach $90
billion, industry analysts believe.

Experts estimate that total DOD
electronics, information technology,
and electro-optics spending is rough-
ly 15 percent of the total DOD bud-
get. Most of the DOD’s technology
spending is in the procurement, re-
search, and development accounts.

In fiscal 2015, Pentagon leaders
propose spending $601 billion, in-
cluding $495.6 billion in discretion-

ary budget authority, $79 billion in
overseas contingency operations,
and $26.4 billion in a new Oppor-
tunity, Growth, and Security Initia-
tive fund.

Fiscal 2015 begins next October 1.

The DOD’s CET&I budget request
for next year includes $7.6 billion for
procurement—up 5 percent from
this year’s enacted level of $7.3 bil-
lion. The DOD’s total CET&I budget
request also includes $3.04 billion for
research and development, which is
up nearly 11 percent from this year’s
enacted level of $2.8 billion.

The U.S. Army in 2015 is asking
for $3.4 billion in CET&I procure-
ment and research, which is down
from this-year’s enacted level of
$3.6 billion, and down from this
year’s request of $4.5 billion.

The Air Force next year is ask-
ing for $3.14 billion for CET&I pro-
curement and research, which is
up from this year’s enacted level of
$2.53 billion, and also up from this
year’s request of $2.93 billion.

For defense agencies next year,
the Pentagon is asking Congress
for $445 million for CET&I activ-
ities, which is down from this
year’s enacted level of $484.5 bil-
lion, and down from this year’s re-
quest of $507 million.

The Pentagon’s proposed bud-
get for 2015 now goes to Congress,
where lawmakers are scheduled to
craft a final military spending plan
by next fall. €
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TriQuint joins with RFMD
to create $2 billion RF
and microwave company
TriQuint Semiconductor Inc.
and RF Micro Devices Inc. will
merge into a $2 billion RF and
microwave company, with
aerospace and defense play-
ing a major part. This trans-
action combines product lines
that include power amplifiers,
power management integrat-
ed circuits, antenna control,
switches, and filters. It will
also strengthen the combined
company’s service to the de-
fense and aerospace advanced
gallium nitride (GaN) applica-
tions. The transaction is ex-
pected to close in the second
half of this year.

U. Md. teams with
Lockheed Martin to boost
quantum computing
Computer scientists at Lock-
heed Martin Corp. in Bethesda,
Md., and University of Mary-
land in College Park, Md., are
working together to bring about
a fundamental transformation
in quantum computing, which
offers greater power than tra-
ditional digital computers and
a different way of solving prob-
lems. This new technology may
help solve some of the most
challenging problems, and
could kick-start a new era in
supercomputer development. €
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Commercial aerospace is a noisy industry. From flight control systems and navigation to inflight
entertainment, hundreds of electronic systems inside aircraft must work together closely and without
interfering with one another. Filtering electronic noise and protecting against transient voltage
between complex systems requires innovative thinking, and that’s when our engineers can’t keep quiet.
Working with leading avionics companies, TE Connectivity (TE) is providing end-to-end solutions that
allow the volume of data to keep going up, while keeping the noise down.

Get connected to the inner circle of TE AD&M'’s best thinkers at DesignSmarterFaster.com.
Working together early in your design review process, we can help you reach a better connectivity solution.

©2014 TE Connectivity Ltd. family of companies. All Rights Reserved. EVERY CONNECTION COUNTS, TE Connectivity and the TE connectivity (logo) are trademarks of the TE Connectivity Ltd. family
of companies. Other logos, product and/or Company names might be trademarks of their respective owners.
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Internet connectivity
to the front lines

BY JOHN KELLER
ARLINGTON, Va.—Military
communications ex-
perts at L-3 Communi-
cation Systems-West in
Salt Lake City will de-
velop technology to ex-
tend high-speed In-
ternet services to U.S.
Army and Marine Corps
infantrymen operating
on the front lines be-
yond the reach even of
forward-operating bases
(FOBs) and tactical oper-  The Hotspots program will
ations centers (TOCs). use unmanned aerial vehicles
Officials of the U.S. to extend tactical Internet

e Ademand e connectivity to warfighters on
the front lines.

search Projects Agency

(DARPA) in Arlington, Va., awarded a $15.5 million fol-
low-on contract to L3 for the second—and possibly the
third—phase of the DARPA Mobile Hotspots program to
extend mobile networking to front-line warfighters.

For the Mobile Hotspots program, L2 experts will
continue developing a scalable, mobile, millimeter-wave
communications backbone with the capacity and range
necessary to connect dismounted war-
fighters with FOBs and TOCs; intelligence, surveillance,
and reconnaissance (ISR) assets; and fixed communica-
tions infrastructure.

The backbone is intended provide reliable end-to-end
data delivery among the hotspots, as well as from ISR
sources and command centers to the hotspot users. In
essence, Mobile Hotspots seeks to provide cell-tower-
class performance to front-line warfighters without the
infrastructure, DARPA officials say.

To do this, L3 experts will capitalize on air, mobile,
and fixed assets—most of which deployed units already
have—that provide a gigabit-per-second tactical backbone
network extending to the lowest-echelon warfighters.

CONTINUED ON PAGE 10 =
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L3 experts are trying to develop ad-
vanced pointing, acquisition, and track-
ing (PAT) technologies for providing
high connectivity to the forward-located
mobile hotspots. Advanced PAT technol-
ogy is key for connectivity to small un-
manned aerial vehicles (UAVs), for ex-
ample, enabling them to serve as flying
nodes on the mobile high-speed back-
bone, DARPA officials say.

Providing high-bandwidth commu-
nications for troops in remote forward
operating locations is not only critical
but also challenging because a reliable
infrastructure optimized for remote
geographic areas does not exist, DAR-
PA researchers point out.

Additional needs like communication
support for data feeds from UAVs and
transmitting information to troops on
patrol in remote areas presents a host of
new challenges where dropped signals
can create a serious threat to a warf-
ighter’s situational awareness.

“Mobile Hotspots will require the de-
velopment of steerable antennas, effi-
cient millimeter-wave power amplifiers,
and dynamic networking to establish
and maintain the mobile data backhaul
network,” says Dick Ridgway, manager
of the DARPA Mobile Hotspots program.

“We anticipate using commer-
cial radio protocols, such as WiFi,
WiMazx, or Long Term Evolution
(LTE), as a cost-effective demonstra-
tion of the high-capacity backbone.
However, the millimeter-wave mobile
backbone developed during this pro-
gram will be compatible with other
military radios and protocols.”

L3’s objective in the Mobile Hotspots
program is to design a scalable mobile
communications backbone with the ca-
pacity and range necessary to connect
Army and Marine Corps infantrymen
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with forward-operating bases, tactical operations centers, remote intelligence

and surveillance sources, and fixed communications infrastructure.

The program capitalizes on recent availability of commercial components

to build millimeter-wave point-to-point links operating at E-Band frequen-
cies of 71-76 GHz and 81-86 GHz to form the high-capacity backbone.
The program will take advantage of advances in efficient power amplifiers

at E-Band frequencies to achieve the equivalent isotropically radiated power

(EIRP) necessary to meet the range goals with small steerable antennas.

On this contract, L3 staff will do the work in Salt Lake City; North Hamp-
ton, Mass.; Fort Lee, N.J.; Malibu, Calif.; Nashua, N.H.; Guthrie, Okla.; and
Springville, Utah. Work should be finished by March 2015. €

FOR MORE INFORMATION visit L-3 Communication Systems-West online at

www2.1-3com.com/csw, or DARPA at www.darpa.mil.

Lockheed Martin to replace mission computers,
weather radars in C-5M cargo jets

BY JOHN KELLER
WRIGHT-PATTERSON AFB, Ohio—
Military avionics experts at the
Lockheed Martin Corp. Aeronau-
tics segment in Marietta, Ga., will
upgrade the mission computer and
weather radar systems in the giant
C-5M Super Galaxy cargo jet under
terms of an $84.3 million contract.

The contract calls for Lockheed
Martin to begin full-scale develop-
ment of the C-5 Core Mission Com-
puter/Color Weather Radar, which
is part of a long-term program to
extend the life of the Air Force C-5
fleet beyond 2040.

By the end of 2017 Air Force lead-
ers expect to have a fleet of 52 C-5M
aircraft. Awarding the contract were
officials of the Air Force Life Cycle
Management Center at Wright-Pat-
terson Air Force Base, Ohio.

The C-5 is larger than a Boeing
747 and is one of the largest mili-
tary transport aircraft in the world.
The aircraft, which has been in the
Air Force transport fleet since 1970,
is large enough to fit six Greyhound
buses, lined up two abreast. The

www.militaryaerospace.com

Lockheed Martin experts will upgrade avionics
in the C-5M Super Galaxy military cargo jet.

aircraft is designed to perform stra-
tegic airlift, emergency aeromedical
evacuation, transport of brigade-
size forces and equipment, and de-
livery of oversize cargo.

The C-5 Core Mission Computer
(CMC) and Weather Radar replace-
ments will mitigate the obsoles-
cence of the current CMC and
weather radar. This effort will re-
place the current mission comput-
er, as well as replace the weather
radar with a commercial off-the-
shelf color weather radar.

Since 2002 the C-5M has under-
gone a major series of upgrades,
including the Avionics Moderniza-

CONTINUED ON PAGE 13 >
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tion Program to install a mission
computer, a glass cockpit with dig-
ital avionics including autopilot
and automatic throttles, and com-
munications, navigation, and sur-
veillance components for air traffic
management. The aircraft also has
received new engines.

The C-5M has been susceptible
to information-assurance problems,
Air Force officials say, and the new
open-systems core mission com-
puters are expected to solve these
issues. Upgraded computers are to
obtain sufficient capability and ca-
pacity for future requirements, and
offer greater reliability and simpli-
fied fleet-wide training.

The new distributed-architec-
ture core mission computer will
have a 100-megabit-per-second
Ethernet interface over copper
wire, and will have several sources
of supply for components, such as
MIL-STD-1553 interface chips, sin-
gle-board computers, and I/0O cards.

The core mission computers for
the C-5 also will have commercial
standard video interfaces with VGA
as a minimum, at least one addi-
tional expansion data bus for fed-
erated systems or new line-replace-
able units (LRUs) covering Ethernet,
MIL-STD-1553, and ARINC 429 avi-
onics databuses.

The computer will separate clas-
sified and non-classified data for at
least one data bus type for proper
isolation of classified information,
Air Force officials say. It will sup-
port the weather radar, flight man-
agement system (FMS), and com-
munication navigation surveillance
(CNS) and air traffic management
(ATM) subsystems, including au-
tomatic dependent surveillance-

www.militaryaerospace.com

broadcast (ADS-B) Out, and identifi-
cation friend or foe (IFF) Mode 5.
The new computers also will be
able to accommodate future ca-
pability like the Joint Tactical Ra-
dio System into the communica-
tion system; memory expansion

IIE\M‘.Sq

and processing necessary for the
Joint Position Approach and Land-
ing System algorithms; and memo-
ry and processing power necessary
for new data links on the C-5M
such as Link 16 or the conceptual
Mobility Air Force Data Link. €
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Researchers from military, corporate, and collége laboratories

are combining their skills to solve the problems of information

overload and incomplete and missing information.

BY J.R. Wilson

More than 12 years of combat in
Southwest Asia have seen the use,
variety, and capabilities of military
sensors grow by orders of magni-
tude, leading the U.S. Department
of Defense (DOD) to adopt a term
coined four decades earlier in a
far different context—information
overload—and a new one for the
solution—sensor fusion.
“Algorithm development for sen-
sor fusion is highly interdisciplinary,”
explains Vincent Velten, technology
advisor in the electro/optical exploi-
tation branch of the U.S. Air Force
Research Laboratory (AFRL) Sen-
sors Directorate at Wright-Patterson
Air Force Base, Ohio. “We start with
basic physics, which grounds us in
what is possible, and work with the
guys who build the physical devic-
es,” Velten says. “If you look at the

science and technology priorities
that come out of DOD, sensor fusion
is a core part of three of those and
secondary in others.”

A 2013 white paper from SA Tech-
nologies in Marietta, Ga., entitled
“Supporting Situation Awareness Un-
der Data Overload in Command and
Control Visualizations,” describes the
nature and impact of too much data
on military operations and warf-
ighters: “Overcoming information
overload is a central challenge for
supporting information-dense envi-
ronments, such as military opera-
tions... We are living in the midst of a
revolution of information technology.
This increased information flow is
provided to enhance decision-mak-
ing and human-system performance,
yet often, the high flow of data has
a deleterious effect on the operator’s
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A Boeing artist’s rendering depicts combining
sensor information from spacecraft, ships,
aircraft, and land sites.

understanding of the relevant as-
pects of the situation.”

“The problem in this environment
is no longer lack of information, but
finding, within the mass of data
available, those precise bits of infor-
mation that are needed to make an
informed, reasoned decision,” the

www.militaryaerospace.com
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paper goes on. “A widening gap ex-
ists between the tons of data being
produced and disseminated and the
individual’s ability to find the right,
disparate bits and process them to-
gether to arrive at the actual infor-
mation sought.”

Global fusion
Although most U.S. researchers and
military users say they believe the
U.S. has an edge in sensor fusion
over other nations—friend and foe—
it is a significant effort worldwide.
For example, in November 2014,
a special workshop during the 19%
Iberoamerican Conference on Pattern
Recognition (CIARP 2014) in Puer-
to Vallarta, Mexico, will bring to-
gether international researchers to
share perspectives on computation-
al advances in intelligent processing
of multimode remote sensing imag-
ery. “Due to the statistical diversi-
ty and extremely large dimension-
ality of the multi-scale sensor signal
data and image sets provided by the
latest generation of multimode/hy-
perspectral remote sensing instru-
ments, there are many open prob-
lems related to the development of
robust adaptive/collaborative intelli-
gent signal/image processing archi-
tectures and techniques,” say confer-
ence organizers. “Sensing in harsh
environments is additionally com-
plicated due to the operational sce-
nario uncertainties attributed for
random perturbations of the signals
in the turbulent propagation medi-
um, multiplicative noise, possible
sensor calibration imprecisions, un-
controlled antenna vibrations, and
carrier trajectory deviations in the
case of [synthetic aperture radar].”
In January 2014, researchers at
the Institute of Remote Sensing at

www.militaryaerospace.com

Anna University in India reported
on the difficulties of fusing SAR and
multispectral sensor data into one
high-resolution image while main-
taining the original color and detail
of sensor images. They say while
the most-used current image fusion

techniques (intensity hue satura-
tion, wavelet transform, and princi-
pal component analysis) work well
for single-sensor, single-date fusion,
there are problems with more com-
plex systems.

“With radar and multispectral
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data from different sensors or dates,
these fusion methods create images
of higher spatial resolution, but usu-
ally at the cost of the original color
or spectral characteristics of the in-
put images,” researchers wrote in a
white paper. “This is especially true if
two completely different sensors are
used. So new algorithms are required
to overcome these problems and es-
tablish superiority over the standard
fusion techniques.” They also con-
cluded that even successful fusion of
multiple sensors will not achieve the
desired result unless each sensor is
fine-tuned to provide data best-suit-
ed for the algorithm being used, with
real-time modification of how it pro-
vides end users—human and elec-
tronic—with better images and more
informed useful information.

Military research labs
An extensive set of sensor fusion
programs at the U.S. Defense Ad-
vanced Research Projects Agency
(DARPA) in Arlington, Va., include
the Pixel Network (PIXNET) for Dy-
namic Visualization, Adaptable Nav-
igation Systems (ANS), Advanced
Wide field-of-view Architectures for
image Reconstruction and Exploita-
tion (AWARE), All-Source Position-
ing and Navigation (ASPN), and Wide
Area Network Detection (WAND).
Nibir Dhar, DARPA program man-
ager for PIXNET and AWARE, says
the latter, now in the last stages of
technology transition to the servic-
es, focused on four primary goals: in-
creasing field-of-view (FOV) with-
out losing resolution; shrinking pixel
size; making a focal plane array (FPA)
that is sensitive across a broad band,
from visible to midwave; and making
the system multiband, with the abil-
ity to display specific wavelengths
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in different ways. A four-
year program that began
in late 2013, PIXNET
evolved from the
technologies devel-
oped under AWARE,
looking at what can

be done to increase

the situational aware-
ness (SA) of individual
soldiers and squads us-
ing what Dhar calls “spec-
tral fusion.”

While not specific to radar and
multispectral sensor fusion, re-
searchers say every successful fu-
sion algorithm may lead to break-
throughs in unrelated programs. Air
Force researchers are trying to de-
velop a fundamental theory of sen-
sor fusion and a predictive theory for
sensor algorithms based on under-
standing related phenomena, Velten
explains. AFRL researchers also put
a lot of effort into SWaP (size, weight,
and power) in assessing potential ap-
plications for new technologies.

“If your platform has multiple
sensors onboard, SWaP definitely be-
comes a consideration,” Velten says.
“But the real issue driving that is
what kind of communications band-
width do you have. Communications
is the long pole in the tent; modern
sensors can produce massive
amounts of data, but you can't get
that data off-board anywhere close
to real time. That is a bad problem
and latency is a major issue.

“You usually collect a lot more
data than you need, because you're
looking for what is new or unusual,”
Velten adds. “One of the big promis-
es of sensor fusion is you can make
much better use of your communica-
tions band. But probably the largest
issue is pixels-to-pupils—you really
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One of the first examples of

sensor-fusion technology

involves combining GPS

satellite navigation signals

with inertial navigation

technology as shown above
in a Honeywell integrated
navigation system.

don’t want to staff all
the data channels. If
you can do fusion, es-
pecially non-trivial issues,
and instead can alert humans
to the significant data, that is a very
significant advantage.” The trick is
to understand which sensors to pick
and tailor the package to serve the
individual warfighter in-theater.
“Flexibility is the watchword,
since it’s really hard to predict what
the user will need in different cir-
cumstances,” Velten says. “A flare-
up in the Pacific would be a different
beast from one in the Horn of Afri-
ca. So we're trying to develop spe-
cialized algorithms and data collec-
tion resources. You want to collect
everything you can, not just sensor
data, with the fusion processes be-
ing very dependent on the layers you
have—different elevations, angles,
spectrum, etc.—and how you can
fuse all that, with the customer al-
ways wanting to minimize personnel
while getting cleaner, cheaper, faster
data. It’s almost easier to say what is
not pertinent rather than what is.”

Corporate and academic research
The DARPA All-Source Positioning
and Navigation program is an exam-
ple of the multiple disciplines and ca-
pabilities needed for sensor fusion,
says Kevin Betts, position, navigation,
and timing director for the advanced
technology division of Leidos in Res-
ton, Va. DARPA’s goal is to develop

www.militaryaerospace.com

a prototype sensor fusion system
for land, sea, and airborne applica-
tions that can accept inputs from
several kinds of navigation sensors
so warfighters can maintain naviga-
tion capability with or without glob-
al positioning system (GPS) satellite
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navigation. “ASPN is focused on what
technology advancements are need-
ed for real-time, plug-and-play data
fusion—processing elements to
assess large amounts of data; on the
filter side, it is going beyond the algo-
rithms used in the past,” Betts says.
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The Northrop Grumman Sperry Marine Voyage Management System training center in
Charlottesville, Va., blends several kinds of navigational sensors for enhanced shipboard navigation.

Fusing sensor data with light rang-
ing and detection (LiDAR) sensors
rather than radar represents a rel-
atively new approach. Designers at
Rockwell Collins in Cedar Rapids,
Iowa, are working on the Degraded
Visual Environment Pilotage System
(DVEPS) for the U.S. Special Opera-
tions Command (SOCOM) at MacDill
Air Force Base, Fla. The company be-
gan looking for solutions to degrad-
ed vision years ago, beginning with
synthetic vision for helicopters, a da-
tabase-driven system to provide a
visual of the terrain and obstacles
along the flight path, says Dan Toy,
Rockwell Collins principal marketing
manager for rotary-wing aircraft.

“We started looking at the types
of sensors that were available or in
development, the types of sensing
technologies out there, and began
constructing our ideas around how
we would fuse various types of sen-
sor information with the database
information to provide a good image

detection in the cockpit for the pilot,”
Toy says. “We began looking at radar
and LiDAR sensors, the wavelengths,
and radar bands appropriate for dust,
snow, fog, rain and other obscurants
pilots face. That narrowed us in on a
few sensors where progress was be-
ing made. That’s where we are—de-
veloping algorithms to do this.”
Rockwell Collins completed a Mul-
tifunction Radio Frequencies (MFRF)
DARPA program to develop a new
onboard RF sensor to perform tasks
that enhance the survivability of ro-
torcraft and provide lethality im-
provements for combat missions in
zero-zero conditions. “The program
has two elements: the radar sen-
sor and a Synthetic Vision Avionics
Backbook (SVAB),” Toy says. “They
needed a visual capability to go with
their radar, which is what the SVAB
is, taking radar data and transform-
ing it into something useable by the
pilot. Part of that was to fuse radar
and terrain database information
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and depict it to the pilot in an intui-
tive manner.

“DVEPS has many of the same
challenges, but the attempt is to de-
velop and qualify a system Army
special ops can apply to Black Hawk
and Chinook fleets,” Toy adds. “As
we started the DVEPS program, we
realized [Army] requirements were
more stringent [than DARPA’s], so we
decided to go with a different type
of sensor—LiDAR—because of the
higher resolution it can provide. In
the SVAB program, we worked with
a millimeter-wave radar that pro-
vides lower resolution than LiDAR.
The SVAB was designed to work with
either radar or LiDAR, so it was not
a large stretch to take the technolo-
gy developed for the DARPA program
and apply it to the Army program.”

That effort was competed in mid-
2013. Rockwell Collins, Boeing, and
Sierra Nevada were selected for a fol-
low-on, three-phase program. The
first phase, a ground demonstration
of the system, is to be completed in
late April. After a month or two of
analyzing their reports, Toy says, the
Army will down-select for Phase 2, a
12-to-18-month flight test phase.

“The program office running SVAB
supports special ops aircraft, al-
though I'm sure they would like to
see this developed for other Army
and DOD applications. Army program
offices and NAVAIR are watching
the program closely to understand
the technology and how it might be
adapted to other aircraft,” Toy says.

Sensor fusion for UAVs

Critical requirements such as SWaP
also apply to small to medium UAVs.
“The big challenge is beyond the sen-
sors and revolves around getting

the capabilities needed and meeting
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the SWaP challenge in doing some-
thing for a Black Hawk or even a Chi-
nook,” Toy says. “If we were packing
it in the back of a C-130, 200 pounds
wouldn’t be a big deal, but for a Black
Hawk, 10 or 20 pounds is a big deal,
so getting the right algorithms, pro-
cessing resources, and packaging
that will live in a helicopter environ-
ment are really what will make the
system work or not work well.”

It requires a lot of different skills
to do sensor fusion well and a broad
analytical scope to do it right, says
Betts. “You have to be able to ingest
large amounts of data, especially
with radar and multispectral sensors,
and understand the underlying math.
After you've done all that, you have
to present it in a meaningful way to
an operator or enable an autonomous
platform to make a decision.”

Hyperspectral sensors and LiDAR
fusion are under consideration to
help with target-detection applica-
tions. Alina Zare, an associate pro-
fessor of electrical & computer
engineering at the University of Mis-
souri-Columbia College of Engineer-
ing, has been looking into this to de-
tect specific vehicles or materials on
the ground for Army Research Lab
and the Office of Naval Research.

“I have been looking at automated
scene understanding for different
types of sensors—sonar, hyperspec-
tral—and being able, given a data
set, to describe what’s at the scene,
especially since much of the focus
and understanding has been visu-
al imagery. By moving those con-
cepts to other types of sensors, you
could get different viewpoints be-
yond what you could with even
high-end cameras, and go into new
areas using sensors such as sonar.
Our results have been algorithm
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development. We used multispectral
to cue [ground-penetrating radar],
flying over an area with a multispec-
tral sensor, then following up with
ground radars. The final output will
be something for a human to look

at, but also to feed into other algo-
rithms, so it really is for human op-
erator and machine applications.”

Future fusion factors

Another issue facing sensor fusion
designers is the fast-changing and
growing types of sensors available to
the military and how to ensure fu-
ture technology insertion and up-
grades without needing a whole new
fusion system.

“We are designing with the
thought of upgrading the system,
tuning the algorithms and adapting
them to new and different sensors,”
Toy says. “Sensors are in their infan-
cy in a lot of cases. LiDAR and radar
are well known, but using LiDAR for
helicopters is something that has not
been done yet and will evolve a lot
over the next 10 to 15 years; the algo-

rithms will have to evolve with them.

“We are looking to ensure a scal-
able approach, because not every
user is going to agree on what they
need based on different SWaP re-
quirements, platforms, and mis-
sions. A scalable system will adapt
to different types and quantities of
sensors. You might have to combine
a couple multispectral sensors to
get what the user wants, so we are
trying to design it to accommodate
changes as we go forward.”

Already seen as a key enabler and
top priority for sensor fusion is the

evolving network-centric battlespace.

“When you look at trying to fuse
different sets of data and the solu-
tions now being worked, networking
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disparate sensors is becoming cen-
tral,” notes George Yager, chief en-
gineer for electronics & sensor
solutions at Argon ST, a Boeing sub-
sidiary in Fairfax, Va. “The days of
single sensors or single data sets
coming from a sensor are past us.
Anytime you correctly integrate a
new set of data, it becomes essen-
tial. You know you'’re doing it right
when you don’t have to look at two
different displays and you can't tell
it is coming from different sources.
What fusion really brings to the user
is more time to focus on something
else, operationally, and not spend so
much time managing data.”

Sensor fusion relies heavily on
what is happening outside DOD with
commercial-off-the-shelf (COTS)
components. Ironically, as fast as
military sensors and requirements
have grown, the commercial world
continues to outpace even recently
improved DOD acquisition and field-
ing schedules. “COTS can move so
fast,” Betts says. “Sometimes mak-
ing radical developments, that if you
only have a traditional, slow procure-
ment process, by the time something
gets to the field and you compare it
to what then is available, it seems
extremely limited in capability. And
an adversary may be able to adopt it
more quickly and so get an advan-
tage. DARPA has had programs look-
ing at that and how DOD can make
use of COTS technologies, but shape
it to be its own in terms of rugged-
ization, security, and so on.

“In terms of sensor fusion, one fo-
cus, as sensor technology advanc-
es in the commercial arena, is hav-
ing plug-and-play algorithms that
can take advantage of the latest and
greatest COTS developments,” Betts
adds. “We have learned there may be
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commercial outlets for what has been
developed for and by the military.”

Today, sensor fusion is determined
by a particular application driving
which sensors are used, how data
is brought together, and its intend-
ed use, says Zare. “In the future, al-
gorithms will be sensor-agnostic—as
long as you can get the data, the al-
gorithms will deal with them. Know-
ing in certain situations how sensors
should be fused for one result, but
how to fuse the same sensors in dif-
ferent ways for different results will
require improved algorithms.

“It can’t be done by simply throw-
ing the data together; there needs to
be an intelligent approach,” Zare says.
“More data does not necessarily pro-
vide better information, and the more
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information you have, the larger the
potential for error. It is application-
and situation-dependent. There are
a lot of advancements being made in
a few very flexible algorithms, but
we're still at the stage where there is
not one way to solve all problems—
no global fusion algorithm.”

Fusion in the Future

“Sensor fusion is becoming more and
more important,” Betts says. Future
platforms will take advantage of sen-
sor fusion. Future sensors will be de-
signed to function independently and
in fusion with other data streams.
Both will be designed for mission
customization, including on-the-fly
algorithm changes to meet the vary-
ing needs of an evolving situation. €
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Powering and cooling
embedded electronics

Engineers tap the power of commercial processors while combating

power and thermal challenges with modern electronics.

By Courtney E. Howard

Aerospace and defense missions,
today and for the foreseeable future,
are driving the need for ever more
advanced electronics. It is no longer
sufficient to use solutions that sim-
ply are capable and efficient; rath-
er, current and future electronic sys-
tems and subsystems also must be
full-featured, multifunctional, and
robust—not to mention affordable.

Industry engineers are meeting
these demands with the help of
commercial off-the-shelf (COTS) and
custom aerospace and defense tech-
nologies. Increasingly, systems en-
gineers are opting to implement the
latest commercial computing com-
ponents, including the hottest pro-
cessors from Intel, AMD, NVIDIA,
and others.

Though powerful, these chips of-
ten are power-hungry and produce
copious amounts of heat; this trend
is upping the need for innovative
power electronics and thermal man-
agement, as well as prompting sys-
tems designers to partner with and
seek the advice of aerospace and de-
fense industry leaders.

SWaP-C considerations

The sheer size of aerospace and de-
fense platforms—be they aircraft,
satellites, ground vehicles, or un-
manned systems—and the pro-
grams that fund them tend to be
shrinking, whereas the amount of
electronics being employed in each
is growing by leaps and bounds.
Current size, weight, power, and
cost (SWaP-C) requirements are per-
haps more strict than ever. Indeed,
engineers often are faced with the
need to deliver as many capabili-
ties and as much functionality in as
small size, weight, power, and cost
as possible.

“As more and more electronic
capability is packed into modern
military and aerospace (mil/aero)
systems, designers are faced with
ever-increasing power system com-
plexity, but under simultaneous
pressure to reduce costs,” says Steve
Butler, director of advanced product
development at VPT Inc. in Blacks-
burg, Va. “A steady stream of re-
quirements for higher power, more
voltages, and tighter specifications
must be carefully managed to main-
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tain high system reliability and

minimize cost.”

Engineers often are required to
accept trade-offs, such as gaining
processing power but suffering a
power-consumption setback. “On
the extremes, a design can be the
most reliable but over budget, or it
can be the lowest cost but take a
lot of risk using commercial com-
ponents,” Butler affirms. “Most sys-
tems end up in the middle, balanc-
ing reliability with cost.”

To help engineers optimize sys-
tem designs within budget con-
straints, industry vendors provide
a broad range of power electronics
products. VPT, for example, offers
multiple levels of power products,
from radiation-hardened, space-
grade products and hermetic mil-
itary-qualified products to cost-ef-
fective, high-reliability (hi-rel) COTS
products. “Choosing the right level of
product for each application is key to
maintaining high system reliability
while minimizing cost,” Butler adds.

www.militaryaerospace.com
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Behlman DMCA 4000 COTS power supplies support the operation of
key electronics on the RC-135V Rivet Joint reconnaissance aircraft.

Life expectancy

As electronics are optimized for aerospace and defense
applications, engineers must take into account time in
the field and temperature—“typical factors which de-
grade or shorten the life of electronics,” VPT’s Butler
admits. “As there is little one can do about the amount
of time a device is powered, every effort should be
made to reduce the operating temperature to maximize
the life of the DC-DC converter.”

VPT strives to increase efficiency, make the most
of internal thermal conduction, and use the most
conductive materials available, Butler says. Yet, “if a
customer does not employ proper thermal manage-
ment practices, all the thermal design benefit of the
DC-DC converter is lost and long-term reliability is
potentially reduced.”

The company provides application notes and tech-
nical videos on thermal-management considerations
for customer design applications, as well as offers ther-
mal pads designed to work with its DC-DC convert-
ers to make the most of thermal interface between the
converters and customers’ thermal conductive surface.
“Many of our customers appreciate the importance of
thermal management,” Butler says, “and to that ex-
tent, they will contact VPT directly either to gain fur-
ther insight or ask VPT to review their thermal design
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to ensure optimal thermal manage-
ment as it applies to our products.”

Custom-COTS combination

A continuing trend in aerospace and
defense is “to move away from ful-
ly custom-designed power systems
and move toward a combination of
standard power converter modules
and external custom circuitry,” But-
ler explains. “By using standard off-
the-shelf power modules, system
design time, cost, and risk can all be
reduced.”

Mil/aero system designers should
choose carefully the quality level of
DC-DC converters for their appli-
cation, recommends Butler and his
colleagues at VPT. “Temperature
range and input voltage range are

two parameters which quickly dif-
ferentiate Hi-Rel DC-DC converters
from commercial or telecom prod-
ucts. A typical Hi-Rel temperature
range is -55C to 100C or 125C. A typ-
ical input voltage range for 28-volt
systems is 16 to 40 volts or the wid-
er 15 to 40 volts,” Butler says.
“Transient capability or the
availability of transient protection

The NVIDIA Jetson TK1 Developer Kit is based
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and electromagnetic interference
(EMI) filter modules is also impor-
tant,” Butler adds. “Power modules
should be designed for harsh en-
vironments. Things to consider in-
clude Defense Logistics Agency
(DLA) certification or a vendor’s in-
ternal qualification plan, hermetic-
ity, an EMI-shielded package, de-
vice screening, and a vendor’s
experience or reputation in the
mil/aero market.”

Data deluge and the GPU

Aerospace and defense industry
pundits recognize that missions are
now achieved with bytes, rather
than bullets. Information is king and
compute power is key on the digi-
tal battlefield. For this reason, mod-
ern military and aerospace electron-
ics harness the power of compute
processing units (CPUs) and graph-
ics processing units (GPUs) working
in tandem.

NVIDIA GPUs have been adopted
for myriad defense applications, from
signal processing to digital forensics
to image and video analytics of data
captured by satellites and unmanned
aircraft systems (UAS). “GPUs are
used to perform local analytics, too,
to do pre-analysis of the data and
even collision avoidance in an un-
manned aerial vehicle (UAV),” says
Sumit Gupta, general manager of Tes-
la GPU accelerated computing busi-
ness at NVIDIA in Santa Clara, Calif.

“The vision of the defense world
is that every warfighter will have a
handheld device and computing de-
vices in every aircraft, Humvee, and
tank,” Gupta says. The vision of the
U.S. Department of Defense (DOD),
specifically, encompasses “hundreds
of thousands of sensors sending data
on the battlefield—including sensors
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http://digital.militaryaerospace.com/militaryaerospace/201404/TrackLink.action?pageName=24&exitLink=http%3A%2F%2Faeroflex.com%2Fbusswitch
http://digital.militaryaerospace.com/militaryaerospace/201404/TrackLink.action?pageName=24&exitLink=http%3A%2F%2Fwww.militaryaerospace.com

The Behlman COTS DMCA4000 power supply
is employed on U.S. Air Force aircraft.

on the ground, in the air, and on sat-
ellites, as well as analysis and data
crunching done in the field with-
out being connected to a back-end
server.”

Militaries “require very high com-
puting capabilities but they are lim-
ited by power,” Gupta adds. To ful-
fill this need, NVIDIA is bringing
mobile chips into the defense em-
bedded market to provide very high
compute density, hundreds of giga-
flops of performance within a few
watts. NVIDIA CEO and co-found-
er Jen-Hsun Huang introduced the
NVIDIA Jetson TK1 Developer Kit,
being described as the first mobile
supercomputer for embedded sys-
tems, during the NVIDIA GPU Tech-
nology Conference last month in
San Jose, Calif.

The new Jetson TK1 DevKit har-
nesses Tegra K1 compute capabil-
ities to usher in and enable new
computer-vision, image processing,
and real-time data processing ap-
plications in aerospace and defense,
including robotics and avionics. Ap-
plications also exist in the automo-
tive and medical markets, officials
say. NVIDIA’'s embedded develop-
er kit is “completely changing the
compute capabilities; the use cases
are unimaginable” and far-reaching,
Gupta says.

The DOD and defense contractors
already have shown interest, say-
ing NVIDIA mobile chip technology
delivers the exact computing den-
sity needed for the embedded de-
fense market. “The mobile industry

is driving innovation for compute
which we can now use in military
environments to meet the need for
local computing,” Gupta says.

“The NVIDIA Jetson TK1 Devel-
oper Kit provides developers with
the tools to create systems and
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applications that can enable robots
to seamlessly navigate [and] drones
to avoid moving objects,” accord-
ing to a company spokesperson. The
NVIDIA Jetson TK1 Development Kit,
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Connector designers innovate
to solve SWaP issues

BY John Keller

Military systems designers today are
obsessed with shrinking component
size, weight, and power (SWaP). Con-
nector and cable manufacturers—no
small contributor to SWaP on mili-
tary vehicles—are stepping up to the
challenge in a variety of approaches.
The drive toward shrinking SWaP
for unmanned vehicles, wearable
computers and displays, networked

weapon sights, and many other ap-
plications of embedded electronics is
playing into the hands of companies
that design small electronic parts
called micro and nano connectors.
Not only does the shrinking volt-
ages of modern microprocessors and
other integrated circuits lend itself to
small interconnects, but micro and
nano connectors can be inherently

This photo shows a ruggedized, multiple
protocol-enabled, electrically pluggable active
optical cable from Zephyr Photonics.

rugged, explains Bob Stanton, direc-
tor of technology at Omnetics Con-
nector Corp. in Minneapolis.
“Everything has to be smaller

and able to handle this new digital
lower-voltage technology,” Stanton
says. “The rules of silicon run into
the connectors, and that allows less
voltage, smaller connectors, smaller
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wires, and tighter spacing.”

Small size, however, in itself is not
a substitute for rugged connectors
in today’s military applications. “We
have UAVs [unmanned aerial vehi-
cles] that are two feet wide at most,
and have to take lots of shock and vi-
bration,” Stanton says. “Sometimes
they even have to crash land. We
need high signal integrity through
real rugged applications. At the same
time, designers want smaller and
lighter connectors to fit into this lit-
tle vehicle or product.”

One big advantage of smaller con-
nectors in high shock-and-vibra-
tion environments is their physi-
cal mass. “The mass is lower, and it
handles higher forces,” Stanton says.
There are other challenges, howev-
er. “The plating on the pins must be

exceptionally good,” he adds. Typical-
ly Omnetics engineers use a mix of
nickel and gold—nickel for hardness
and gold for electrical conductivity.

Other companies are taking a dif-
ferent approach to attack SWaP is-
sues with cables and connectors.
One approach involves substituting
optical fiber for copper cable, which
not only reduces weight and mass,
but also resists the effects of electro-
magnetic interference (EMI).

From a design standpoint for mil-
itary applications, fiber and fiber
connectors have represented main-
tenance and reliability headaches.
One bit of dirt in an optical connec-
tor can compromise performance.
“You're in a dirty environment with
people who don’t know much about
fiber,” says Tim McAllister, vice

president of business development
at Zephyr Photonics Inc. in Zeph-

yr Cove, Nev. So Zephyr’s approach
is to combine electrical connectors,
with which military technicians and
systems integrators are familiar, and
run optical fiber between.

The result is a rugged electrically
pluggable active optical cable.

The connectors are electrical and
in familiar form factors. The cables
convert the electrical signal to opti-
cal just behind the connector, and re-
convert the signal back to electrical
at the other end. An added benefit to
using fiber is increased bandwidth.

“For the sensor folks, in particular,
bandwidth over distance is a big ap-
plication,” McAllister says. “It will be
the upgrade path for many sensors
in the next five to seven years.” €
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OPINION

More-than-Moore: the new era
of microelectronics development
for military applications

By Dave Anderson

With the stakes for achieving su-
perior systems integration continu-
ing to rise, even as military budgets
shrink, change is in the air for how
military and aerospace companies
will meet the need for ever-improv-
ing electronics.

While the demand for creation
and extension of affordable—but
undefeatable—weapons and defense
systems remains a high priority, a
historical shift toward much great-
er integration of materials is easing
the challenge. This transformation
is about to fuel an unprecedent-
ed range of applications that touch-
es not only defense and its stake in
such game-changing apps as infra-
red sensors, phased-array radars
and missile guidance systems, but
also nearly every other area of high
relevance to society’s future.

To make possible the reversal
of big-ticket trends of the past, fea-
tures for tomorrow’s microelectron-
ic components have shifted toward
use and development of novel mate-
rials rather than just a myopic con-
tinual shrinkage of devices.

Reinforcing this global vision,
the resulting new market applica-
tions benefit the mil-aero audienc-
es by satisfying the rigorous size,
weight, power, and cost (SWAP-C)
requirements.

With fresh, broad integrations of
materials driving widespread ad-
vancements for the defense indus-
try, organizations and companies
such as Raytheon, Northrop Grum-
man, Lockheed Martin, BAE Sys-
tems, L-3 Communications, DRS
Technologies, DARPA, DTRA, and
IARPA are among those who are
exploring the wide range of new
possibilities.

Why the change?

The rapidly emerging class of ma-
terials and technologies, known

as More-Than-Moore (MTM), is be-
ing used strategically to integrate
components that can yield a great-
er benefit than when they are po-
sitioned apart individually. As a re-
sult, MTM is fast becoming the de
facto solution for defense and com-
mercial applications. By extension,

DAVE ANDERSON is CEO of Novati Technologies Inc. in Austin, Texas, a nanofabrication center

that provides prototyping for military, aerospace, and commercial business. Contact Novati

Technologies online at www.novati-tech.com for more information.
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component integration will acceler-
ate systems integration.

Those previously under-used el-
ements are being used to create
new materials and technologies for
defense in critical areas that in-
clude silicon photonics, non-vola-
tile memory, superconducting and
quantum computing devices, GaN-
on-Silicon power discretes, flexible
semiconductors, and carbon nano-
tube microelectronics. Beginning
to move into the markets now, the
next generation of products can
rely on novel means to prototype
new devices and then can run the
needed low-volume, higher-reliabil-
ity upgrades for aerospace and de-
fense systems.

Recent investments by the de-
fense industry in wide bandgap
(WBG) semiconductors are de-
signed to take power electronics to
another level with MTM technol-
ogies. They look to enhance GaN
technology by heterogeneously in-
tegrating GaN on top of silicon wa-
fers. High-power weapon systems,
shipboard-power electronic sys-
tems, and phased-array radars
are three applications for the new
WBG technology. Integration of
GaN technology onto larger silicon

www.militaryaerospace.com
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wafer sizes and use of standard
semiconductor manufacturing pro-
cessing provides significant func-
tionality and performance advan-
tages at a much lower cost.

A further example of new ben-
efits from materials integration is
reflected in satellite manufactur-
ers who are driving the use of new
types of non-volatile memory for
storage applications on spacecraft.
These latest-generation memory de-
vices are integrating non-traditional
materials and technologies to make
them able to operate in high-radia-
tion space environments.

A few of the technologies be-
ing developed include ferroelec-
tric RAM (FeRAM), magnetoresistive
RAM (MRAM), phase change RAM
(PCRAM) and resistive RAM (RRAM),
all using MTM technologies.

With weakened capacity for ad-
vanced microelectronics from tra-
ditional contract defense manufac-
turers, a notable part of the trend
toward using MTM is for industry to
use third-party resources that more
cleverly leverage current technolo-
gies into next-generation solutions.

Previously dismissed as being too
exotic, thousands of new combina-
tions of elements are being used to
produce state-of-art micro-electro-
mechanical systems (MEMS), mi-
crofluidics, novel transistors, and
photovoltaics.

Playing a pivotal role in this evo-
lution, a handful of nanofabs have
begun to produce such high-de-
mand apps as the next generation
of higher-resolution microbolome-
ters, using a backside illumination
(BSI) technology and through-sili-
con vias (TSVs) for infrared sensing,
that help to meet the needs of the
warfighter.

The future fab

With a dwindling number of orga-
nizations able to afford to play the
extremely expensive game of ever-

opting not to recapitalize to pursue
next-generation semiconductor re-
quirements. For instance, the ex-
isting fabs owned by many defense
contractors have older technolo-

gy and tools, limiting their ability to
develop future generations of such

smaller semiconductor device ge-
ometries dictated by Moore’s Law,
most device manufacturers are
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essential technologies as microbo-
lometers and read-out integrat-

ed circuits (ROIC) for infrared and
night-vision applications.

Many of the existing defense
fabs are unable to support develop-
ment of other advanced semicon-
ductor device technologies, such as
creation of ultra-thin, flexible tran-
sistors for high-performance opto-
electronics used in high-speed pho-
tography, and high-performance
antennae that are applied to the
skin of aircraft and other vehicles.

It’s important for the country’s
defense that photovoltaic cells be
made even thinner and more flex-
ible by nanofabrication, but rugged
enough to be woven into everything
from soldiers’ uniforms to tents and
backpacks. Development of novel
chip-scale devices that combine
electronic-photonic and mixed-
signal integrated circuits on a com-
mon silicon substrate is a represen-
tative example of how the mil-aero
community will benefit from a vari-
ety of optoelectronic microsystems,
including coherent optical commu-
nications systems and coherent la-
ser radar (LADAR) systems.

Other critical microelectronic
advancements made possible by
MTM include new ways of man-
aging extremely complicated or
open-ended tasks in short periods
of time, as well as accelerated ma-
chine intelligence that can rapid-
ly improve system capabilities. The
potential is unlimited for the pre-
viously unimagined combinations
to drive widespread changes in the
defense industry.

To exploit this new pool of tech-
nology, defense communities are
presented with an exponentially
greater number of resources that

offer a significant advantage over
traditional silicon foundry tech-
nologies.

Historically, the majority of
CMOS fabs have limited custom-
ers to working with no more than
25 elements from the periodic ta-
ble. In stark contrast, the new class
of nanofab targeted at MTM appli-
cations will offer 60 or more exot-

sizes with ever-greater wafer fabri-
cation costs required to gain higher
capabilities.

With physical limits looming
and budgets shrinking, the viabil-
ity of this march to the cadence of
what’s known as Moore’s Law has
reached a turning point, away from
historical trends in the develop-
ment of microelectronics. Moore’s

Latest-generation memory devices are integrating
non-traditional materials and technologies to
operate in high-radiation space environments.

ic materials. The break from the
past limitations will be paved by
the ability to safely engage an un-
precedented number of elements to
move innovative ideas and break-
through designs into development
and production.

Like the new markets they’re
helping to create, MTM-class nano-
fabs such as Novati enable defense
companies to improve the perfor-
mance of their systems through
advanced packaging technology,
stacking multiple chips in a single
3D system-in-a-package. This high-
er level of device integration pro-
vides the convergence of improved
performance, power consumption,
and functionality.

About-face for microelectronics
The business case for defense and
aerospace developers to leverage an
MTM development strategy has al-
ready begun. Working versions of
all the devices cited here have been
created and many are playing roles
in improved systems integration.
Previously, microelectronics
have subscribed to a relentless
drive toward ever-smaller feature
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Law, named after Intel Corp. co-
founder Gordon Moore, states that
the number of transistors that can
be placed on an integrated circuit
doubles every two years.

Now, with an unprecedented fo-
cus on the reduction of SWAP-C
and our ability to fabricate semi-
conductors with exotic materials
at the nanoscale level dependable,
the global transformation toward
a greatly enriched portfolio of op-
tions for devices significantly im-
proves the means for satisfying
any mission.

Manufacturability for new
innovations

With the rush to embrace the pos-
sibilities made affordable by newly
combined elements, companies and
organizations must consider that
manufacturability continues to be

a key technical risk-factor for MTM
technologies. Proving manufactur-
ability of breakthrough technologies
requires a significant investment
across a range of capabilities, not
just electrical and industrial engi-
neers, but using chemical engineers,
device physicists, and material

www.militaryaerospace.com
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scientists, processing equipment
specialists, extraordinary materials,
lab space, and other critical factors.

To demonstrate any new innova-
tion, companies must fabricate com-
plete cells, which require re-develop-
ment and optimization of a number
of standard process steps, unrelated
to the innovation. The new genera-
tion of nanofabrication centers aims
to reduce start-up time and provide
access to a shared manufacturing
knowledge-base and capabilities.

This evolution means not hav-
ing to “reinvent the wheel” for stan-
dard technologies—previously a big
challenge for both government and
commercial interests. Ultimately,
customers are able to reduce their
development time by going through
rapid cycles of learning, typically
3-5 times faster than at a tradition-
al CMOS fab.

Defense technologists report that
such services and capabilities aimed
at significantly reducing the costs
they incur to develop and demon-
strate manufacturability will im-
mediately become a huge advan-
tage for the security community.
Further, a notable enhancement
provided by the most progressive
nanofabs is the allowance of cus-
tomers to work side-by-side with
nanofab employees inside the
cleanroom to develop their new
technologies, a practice that’s less
common than one would imagine.

As a result of these improvements
for device development, defense con-
tractors, large corporations, small
startup ventures, and university
spin-offs that have influenced cre-
ation of such a strategic nanofabrica-
tion model will exploit designs and
advantages that more traditional
venues are simply not able to offer.

In summary, the fast-growing
set of novel and extended capa-
bilities for military microelectron-
ics signals that MTM is the key to
a future where nanofabrication fa-
cilities with multiple elements will
lead the way. The result is an even

OPINION

larger set of options and opportuni-
ties for the defense and aerospace
communities.

The era for enabling the most
rapid, but affordable, product de-
velopment and deployment has
begun. €
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UNMANNED. .
vehicles

Pentagon plans to spend $2.45 billion next
year on UAVs for surveillance and attack

SRCTec to build ground-
based radars to enable
UAVs to sense and

avoid other aircraft

U.S. Army surveillance experts

BY John Keller

are asking SRCTec Inc. in Syr- WASHINGTON—U.S. military lead-

acuse, N.Y., to provide ground- ers plan to spend $2.45 billion next
based radar systems that enable year on unmanned aerial vehicle
(UAV) procurement and research,
with the RQ-4 Global Hawk, MQ-9
Reaper, and experimental U.S.

Navy Unmanned Carrier-Launched

military officials to operate un-
manned aerial vehicles (UAVs)

in controlled civil airspace with-
out a chase plane or ground ob-

5

server. Officials of the Army Airborne Surveillance and Strike The orthrop Grumman RQ-4 Global Hawk
Contracting Command at Red- (UCLASS) system expected to be long-range unmanned aerial vehicle, shown
stone Arsenal, Ala., award- the biggest winners. above, will be a big winner in next year's

ed a $7.2 million contract to DOD budget.

SRCTec to provide the Ground
Based Sense-And-Avoid Light-
weight Surveillance and Tar-
get Acquisition Radar (GBSAA
LSTAR). The GBSAA radar sys-
tem enables users to oper-

ate UAVs in the National Air-

The Pentagon’s proposed fly-
ing drone budget of $2.45 billion in  in San Diego builds the Reaper.
fiscal 2015 is up 15.8 percent from MQ-1 Predator spending next year
this year’s enacted UAV spending is proposed at $270.1 million. This
level of 2.1 billion, and up 3 percent includes spending for the MQ-1C
from what the Pentagon request- Gray Eagle UAV.
ed for this year. The U.S. Depart- Proposed spending for the Un-
ment of Defense (DOD) released its ~ manned Carrier-Launched Airborne

space System without a chase proposed fiscal 2015 budget last Surveillance and Strike (UCLASS) in
plane or ground observer. It month. Federal fiscal year 2015 be- 2015 is $403 million. UCLASS is the
uses the SRCTec Lightweight gins next October 1. next step in the Navy’s integration
Surveillance and Target Acqui- Military leaders propose spend- of UAVs onto aircraft carriers.

sition Radar (LSTAR) ground ing $855.79 million next year on Proposed spending next year for
sensors to detect airborne traf- procurement and research for the the RQ-7 shadow medium-sized UAV
fic and enable the UAV opera- Northrop Grumman RQ-4 Glob- is $145.2 million; for the MQ-8 Fire
tor to maintain a safe distance al Hawk high-altitude long-endur- Scout unmanned helicopter is $96.7

between his UAV and other air-
craft. The system is an alternate

ance UAV and on the MQ-4 Triton, million; for the RQ-11 Raven hand-
Northrop Grumman’s maritime pa-  launched small UAV is $17.7 million;
trol version of the Global Hawk. and for the combination small tac-
For the General Atomics MQ-9 tical UAS (STUAS) and Boeing Insi-
Reaper hunter-killer UAV, DOD of- tu RQ-21 Blackjack catapult-launched

means to comply with the FAA
see-and-avoid regulations and
operates in bad weather and at

night; provides an expanded ficials propose spending $607.1 UAV is $14.5 million.
operational area and increased million. Other proposed UAV spending for
operational time. By 2016, Army For 2015, officials propose to fiscal 2015 includes $35.9 million for
officials plan to install the GB- buy 12 Reaper aircraft and 12 fixed research and development on a fu-
SAA radar network at five in- ground control stations, as well as ture unmanned combat aerial vehi-
stallations to maintain separa- modify MQ-9s to the extended-range cle (UCAV) prototype; and $2 million
tion of UAVs and civil aircraft. configuration. Contractor: General for miscellaneous UAV sensor and
Atomics-Aeronautical Systems Inc. weapons payloads. €
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Northrop Grumman to supply Special
Forces laser target designators

BY John Keller

CRANE, Ind.—Laser targeting experts
at the Northrop Grumman Corp.
Laser Systems segment in Apopka,
Fla., will provide U.S. Special Forces
with specialized laser target desig-
nator viewing devices under terms
of a $12.3 million U.S. Navy contract.

¥ E
=3 e Bral s

The SOFLAM system, shown above, will help
Special Forces warfighters put bombs and
missiles on target.

Officials of the Naval Surface War-
fare Center in Crane, Ind., are asking
Northrop Grumman Laser Systems
for Special Operating Force Laser
Aiming Marker (SOFLAM) Ground La-
ser Target Designator (GLTD) elec-
tro-optical systems, as well as spare
parts and repair services.

SOFLAM GLTD is a ruggedized la-
ser designator designed for Special
Forces that enables the user to des-
ignate targets with laser beams that
guide precision-guided munitions to
the targets. It provides the capabili-
ty of combining two guidance choic-
es: hand-off to aircraft or stand-
alone terminal guidance.

The SOFLAM lightweight inte-
grated laser designator and range-
finder provides Special Operations
Forces with the ability to locate
and designate critical enemy tar-

www.militaryaerospace.com

gets for destruction using laser-
guided ordnance. It is capable of
remote firing; supports mounting
accessories such as pointers and
night sights; can be carried by one
person; and can be operated re-
motely during covert operations.
The SOFLAM enables Special
Forces warfighters to remain un-
detected while they put accurate,
precision-guided munitions on tar-
get, officials say. The system uses
a neodymium-doped yttrium alu-
minum garnet (Nd:YAG) laser with
a wavelength of 1064 nanometers,
and pulse energy of 80 millijoules.
Company laser experts have de-
veloped an advanced version of the
SOFLAM that is smaller and light-
er, and operates from one BA-5590
battery by replacing a flashlamp-
pumped laser with a diode-pumped
laser with passive cooling. The SO-
FLAM PEQ-1C reduces the number of
BA 5590 batteries necessary for op-
eration from five to one, and pro-
vides the warfighter with a smaller,
lighter, and more efficient rugged la-
ser designator for the field, officials
say. It has a range of 650 feet to 12
miles with one-meter accuracy.
Northrop Grumman will provide
SOFLAM systems to U.S. military
forces, as well as those of Romania
and Lithuania. The company will do
the work in Apoka, Fla., and should
be finished by March 2018. €

FOR MORE INFORMATION vVisit
Northrop Grumman Laser Systems
online at www.northropgrumman.com.
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Army asks industry

for 50-kilowatt laser

U.S. Army missile-defense experts
are asking industry to supply an
adjustable-power 50-kilowatt la-
ser that with its cooling subsystem
can fit on an 8-by-53-foot full-sized
flatbed trailer. The Army Space
and Missile Defense Command is
sponsoring the High-Energy La-
ser Mobile Demonstrator (HEL MD)
project to develop a truck-mounted
laser weapon able to shoot down
enemy rockets, artillery shells,
mortars, and unmanned aeri-

al vehicles. The Army wants a la-
ser with a 200-micron fiber deliv-
ery system, with at least 75 meters
of fiber length from the laser out-
put to end of the fiber where the
laser will link to a beam collima-
tor via an HLC-16 connector. Army
personnel should be able to oper-
ate and maintain the laser, which
should be adjustable from 500
watts to at least 50 kilowatts, fire
continuously at maximum power
for as long as 60 seconds, and re-
quire no more than 10 minutes of
regeneration between shots.

Raytheon to provide aircraft
multispectral sensors
Electro-optics experts at Raytheon
Co. Space and Airborne Systems
in McKinney, Texas, won two con-
tracts worth $22.9 million total to
provide multispectral sensors for
U.S. military aircraft. The Naval
Surface Warfare Center Crane Di-
vision awarded contracts for the
Raytheon Multi-Spectral Targeting
System (MTS) for the U.S. Navy
Sikorsky MH-60 helicopter and
U.S. Air Force HC/MC-130] four-
engine turboprop aircraft. €
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POWER ELECTRONICS

Behlman to provide COTS power supplies
for U.S. Navy airborne missions

Behlman Electronics Inc. in Hauppauge, N.Y., won a U.S. Navy order for
its Model 00389 commercial off-the-shelf (COTS) power supplies. These
power supplies have been used by the U.S. Navy since 1999, to support
anti-submarine and anti-ship surveillance and targeting systems.

The Behlman 00389 power supply
is a rugged, reliable unit designed
and built for military and high-end
industrial applications and to meet
the requirements of MIL-STD-704A
and RTCA-DO160, as well as MIL-
Standards 901, 810C, 167, and 461C/D.

These power supplies have proven their reliability and performance
in airborne naval systems, while similar Behlman COTS power
supplies have proven themselves on shipboard and mobile

applications, says a company spokesperson.

“The fact that our Model 00389 power supply has supported the
Navy’s program for 15 years, during which time we have received
multiple follow-on orders, is clear evidence of its superb performance
and high reliability,” says Behlman President Ron Storm. “We are
especially proud to be able to supply one of our COTS power supplies
to meet the Navy’s specific military requirements. This has saved
taxpayers many millions of dollars that would otherwise have been
required for custom designing, engineering and manufacturing.”

Model 00389 power supplies operate from 115/200 volts AC (VAC)
+/-20% at 360 to 440 hertz, and provide eight DC outputs of varying
power. Other features include: superb specs for Load and Line
Regulation; PARD-Ripple and Noise; Over-voltage Protection; Short-
circuit Protection; Current Limit, Extreme Operating and Storage
Temperatures; and High MTBF, in a very compact chassis, measuring
12 x 7 x 2.38 inches (30.48 cm x 17.78 cm x 6.04 cm).

The Behlman Model 00389 COTS Power Supply is designed and
manufactured to withstand the rigors of airborne use, while meeting
a wide range of MIL-STANDARDS. This unit has been selected for
continuous use in U.S. Naval anti-submarine and anti-ship surveillance
and targeting systems since 1999.

www.militaryaerospace.com
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DATABUSES AND NETWORKING

Crystal Group to provide rugged
network switches for AC-130U

Special Operations aircraft gunship
U.S. Air Force avionics experts
needed ruggedized Cisco network
switches for the AC-130U Spooky
gunship. They found their solution
at Crystal Group Inc. in Hiawatha,
Iowa.

Officials of the Air Force 1st Spe-
cial Operations Contracting Squad-
ron at Hurlburt Field, Fla., plan to
award a contract to Crystal Group
for the company’s ruggedized Cis-
co switch for the AC-130 gunship,
which is based on the Lockheed
Martin C-130 four-engine turbo-
prop aircraft.

The ruggedized Cisco switch
from Crystal group is an integral
part of the AC-130U SOF Air Mission
Suite Enhanced Situational Aware-
ness (SAMS ESA) system, which pro-
vides the gunship with improved
display and utility of mapping and
intelligence data inputs to the air-
craft cockpit.

The switch has reached its end
of life, and no other companies are
available that ruggedize this ver-
sion to withstand the military air-
borne environment, Air Force of-
ficials say. Choosing a different
switch would require additional
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re-engineering work, which would

cost too much money. The switch
provides the network connectivity
necessary for the aircraft’'s SAMS-
ESA system to operate.

Crystal is ruggedizing the switch
to operate in harsh military air-
craft environments. The Crys-
tal switches will offer basic RIP
and static routing; four SFP-based

TECHNOLOGY F

priced at $192, is available for preor-
der now from NVIDIA and resellers
in the U.S,, Europe, and Japan.

“Having the level of performance
and energy efficiency Jetson TK1
offers can potentially support the
development of robots with real-
time object recognition and com-
pelling autonomous navigation ca-
pabilities. Our experience with the
previous generation CUDA devel-
opment kit has already enabled us
to make great progress training ro-
bots to interact more intelligent-
ly with their environment,” says
Chris Jones, director of strategic
technology development at iRobot
Corp. in Bedford, Mass.

“Tegra K1 can change what’s pos-
sible in the rugged and industrial em-
bedded market,” says Simon Collins,
product manager at GE Intelligent
Platforms in Charlottesville, Va. “We
expect to be able to offer solutions in
the sub-10 watt space that previously
consumed 100 Watts or more.”

Processing

The most challenging problem fac-
ing military/aerospace systems to-
day is processing more data at

www.militaryaerospace.com

gigabit ports; stackability to enable
as many as nine switches to oper-
ate in one unit with one IP address;
and will packaged in 1U 19-inch air
transport racks or transit case EIA
form factors.

The switches also will have Del-
rin glides or fixed mounts; will op-
erate in temperatures from -15 55
degrees Celsius per MIL-STD-810F;

CUS  CONTINUED FROM PAGE 25

higher speeds and with less weight,
which requires higher data band-
widths and more power,” says Jer-
ry Hovdestad, director of COTS en-
gineering at Behlman Electronics
in Hauppauge, N.Y. “The problem is
being addressed by VPX technolo-
gy, which now enables evolution-
ary leaps in processing speed. All
this technology requires power, and
power means heat that needs to
be removed from the system. High
temperatures can damage electron-
ic systems or, at best, the protective
circuitry will shut them down.”
Major defense contractors have
selected Behlman VPXtra power
supply cards for use in new, ad-
vanced VPX-based systems for their
available power, efficiency, and
thermal management, Hovdestad
says. He credits the cards’ perfor-
mance to attention to detail in elec-
trical and mechanical design, state-
of-the-art heat pipes to optimize
thermal performance, and “the ju-
dicious use of materials to address
heat transfer vs. weight. For exam-
ple, copper can transfer approxi-
mately twice the heat of aluminum
yet weighs almost twice as much.”

MILITARY & AEROSPACE ELECTRONICS

and will operate at altitudes to
40,000 feet. The unit measures
17.75 inches wide by 14.7 inches
deep, by 1.75 inches high, Air Force
officials say. €

FOR MORE INFORMATION

visit Crystal Group online at
www.crystalrugged.com, or the 1st
Special Operations Contracting
Squadron at www.hurlburt.af.mil.

Behlman officials are actively
involved in exploring new cooling
technologies to enhance product
performance. “We participate on
national engineering committees
responsible for writing the speci-
fications to define new techniques
for cooling systems,” Hovdestad
says. “The hottest trends in tech-
nology are those which are facili-
tating the goals described, increas-
ing speed, decreasing weight, and
improving thermal performance.
VPX technology, optical back-
planes, and advanced cooling are
some of the areas that are address-
ing these issues. Efficient, high-
power, and optimally cooled power
supplies like Behlman’s VPXtra are
critical to this effort.

“Over temperature will dam-
age or shut down critical electron-
ic systems and, therefore, requires
you pay careful attention to the ac-
tual thermal performance of the
system and be aware of every as-
pect of the thermal cooling path.
Chassis design and tolerances as
well as all conductive elements are
critical to system performance,”
Hovdestad advises. €
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POWER ELECTRONICS

DC-DC converter for military and

civil aviation uses introduced

by Modular Devices

Modular Devices Inc. (MDI) in Shirley,
NY.,, is introducing the series 3090
compact DC-DC converter for aero-
space, defense, and civil aviation air-

borne electronics applications. The

power electronics device meets MIL-
STD-461 D, E and F without need for
external EMI filtering, and enables
efficient compliance with electro-
magnetic interference compatibility
requirements for aerospace and de-
fense applications. The series 3090
5-watt DC-DC converters operate
from nominal 28-volt DC power
sources. Models are available with
single or dual outputs, and are pack-
aged in a hermetic case that mea-
sures 1.08 inches square by 0.380
inches. The 3090 design can operate
through MIL-STD-704A 80V/100mS
power line transients.

FOR MORE INFORMATION visit Modular
Devices online at www.mdipower.com.

COAX CONNECTORS

No-solder connector introduced

by Times Microwave

Times Microwave Systems in Wall-
ingford, Conn.,, is introducing the

S

EZ-500-NMH-X type N no-solder
male (plug) straight connector for
LMR-500 low-loss coaxial cable in
RF and microwave applications. The
crimp-style connector neither re-
quires soldering of the center con-
ductor into the contact, nor braid
trimming, making it suitable for
field installations. The EZ-500-NMH-
X is compatible with the CST-500
cable prep tool and the HX-4 (with
Y151 dies) crimp tool. Other features
include combination hex/knurl cou-
pling nut; EZ spring finger contact;
tri-metal plating instead of silver
(eliminates tarnishing); chamfered
cable entry hole for ease of termi-

nation; ridged landing area on the
aft end for better grip and sealing of
the heat shrink boot; and impedance
matching for low VSWR.

FOR MORE INFORMATION visit
Times Microwave online at
www.timesmicrowave.com.

NETWORKING

Rugged COM Express Ethernet

switch introduced by Diamond
Diamond Systems Corp. in Moun-
tain View, Calif,, is introducing the
Epsilon-12G2 rugged managed Lay-
er 2+ Ethernet switch COM Express
module for rugged military, on-vehi-
cle, and industrial applications. The
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To submit new products for consideration,
contact John Keller at jkeller@pennwell.com.

Ethernet COM Express module of-
fers 12 10/100/1000-megabit-per-sec-
ond copper twisted-pair ports and

two-small-form-factor pluggable
(SFP) sockets. The standalone switch
does not require any host comput-
er interface. A 480 MHz MIPS pro-
cessor embedded into the switch
manages all switch functions. The
embedded computing processor is
accessed via an in-band Web inter-
face over one of the Ethernet ports
or via an out-of-band command-line
interface over an RS-232 serial port.
The integrated Web interface pro-
vides an intuitive graphic user inter-
face (GUI) for configuring and man-
aging switch functionality.

FOR MORE INFORMATION visit
Diamond Systems online at

www.diamondsystems.com.

RF ICS

E-band MMIC power detector for
communications, test, sensors, and
RF detection introduced by Hittite
Hittite Microwave Corp. in Chelms-
ford, Mass., is introducing the
HMC7447 E-band MMIC power de-
tector for RF and microwave ap-
plications in communications sys-
tems, test equipment, sensors, and
general-purpose RF detection over
the 71 to 86 GHz frequency range.
The HMC7447 power detector pro-
vides a linear output voltage over a
-0.5 to +23.5 dBm input power range
with insertion loss of 0.45 dB and
typical input return loss of 19.5 dB.

www.militaryaerospace.com
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For monitoring trans-
mitter operation or en-
abling closed loop trans-
mitter output power, the
detector exhibits sen-
sitivity and a frequen-
cy response of plus-or-

minus 0.2 dB over the
71 to 86 GHz frequency band. Available in die format,
the HMC7447 has 1/Os that are internally matched to 50
Ohms and require no external matching components.

FOR MORE INFORMATION visit Hittite online at
www.hittite.com.

THERMAL MANAGEMENT

TECA debuts thermoelectric air conditioners

for space and energy savings

TECA Corp. in Chicago introduces a large, flush-mount-
ed thermoelectric air conditioner for electronics en-
closures with limited space. Flush-mounted air condi-
tioners provide cooling
without physical intru-
sion into the enclosure.
TECA’s new air condi-
tioners mount flush
against the enclosure
without the aid of addi-
tional frames, flanges,
or accessories. Environ-
mental gasket and hard-
ware are included to preserve the environmental in-
tegrity of the enclosure. TECA’s newly expanded line
allows for reliable thermoelectric cooling in larger
applications. TECA’s newest flush-mounted thermo-
electric air conditioners are configured for environ-
ments, including NEMA-12, NEMA-4, and NEMA-4X.

FOR MORE INFORMATION visit TECA online at
www.thermoelectric.com.

RF AND MICROWAVE

True sinewave clock oscillators

for low-noise RF performance

introduced by Crystek Crystals Corp.

Crystek Crystals Corp. in Fort Myers, Fla., is intro-
ducing the CCSS-945 true sinewave clock oscil-
lator (XO) for RF and microwave applications re-
quiring ultra-low-noise performance similar to

www.militaryaerospace.com

more expensive OCXO crystal oscillators. The CCSS-
945 provides -170 dBc/Hz noise floor at 1 MHz offset.
The close-in phase noise performance is an -105 dBc/
Hz typical at 10 Hz offset. The device is available in
the industry standard 9-by-14-millimeter SMD pack-
age. The device is
designed to MIL-
STD-883 and MIL-
STD-202 specifica-
tions. Versions for
an extended-tem-
perature operating
range of -40 to 85
degrees Celsius and

other custom spec-
ifications also are available. The CCSS-945 clock oscil-
lator generates frequencies between 10 MHz and 125
MHz, with output level of +5 dBm min into 50 Ohms
and harmonics lower than -25dBc. The CCSS-945 con-
sumes 30 milliamps maximum current at 5 volts and
has no sub-harmonics. €

FOR MORE INFORMATION visit Crystek Crystals Corp.
online at www.crystek.com.
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PRODUCT & LITERATURE SHOWCASE

ST-9020 rugged computer
system with 20” display,
MIL STD shock & vibration
qualified

DU-19/U rugged monitor

For full line of rugged systems contact:

IBI SYSTEMS, INC.
6842 NW 20TH AVE, FORT LAUDERDALE, FL 33309
PHONE; 954-978-9225, WEB: www.ibi-systems.com

What's in the Box?
@@ +_[}+"I

Ethernet based MIl-STD-1553A/B and ARINC429
Test Products from AIM!

With AIM’s ANET Ethernet family of products you can run your C/C++
applications, Python Scripts or even AIM’s powerful PBA.pro™ Databus
Test and Analysis Software right in the box! Combining this with the
general purpose USB interface enables capabilities beyond belief!
Visit our website for more information.

Contact AIM: AIM USA - Trevose, PA AIM GmbH - Freiburg

email: salesusa@aim-online.com email: sales@aim-online.com

A Codec Like No Other

Concurrent recording and streaming
Up to 1920x1200 resolution
Local and external storage

Event marking
H.264 high profile compression

The DSx” 300 Delivers!

i 7
B SPECTRUM®
‘-' a visual communications company™

(510) 814-7000 www.rgb.com sales@rgb.com
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« 24 Solid State or Hard Disk Drives inonly 21 of panel height
« Two Quickly Removable Storage Magazine
-each containing up to 12 HDDs or SSDs each

« Fault Tolerant, Hot Swap Components
-no single point of failure

« Sustained Read and Write Data Transfer Rates
- of over 5000 MB/sec and 3000 MB/sec respectively

* MIL-STD-810G, MIL-STD-46 1E Certified

Military.
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Michael Dowd

An executive discusses rad-hard mi-
croelectronics in aerospace projects.

For what platforms has Maxwell
Technologies delivered solutions?
Maxwell has been providing compo-
nents and computers to space proj-
ects for more than 20 years. Recent
high-profile projects include: Gaia
and Galileo (Europe), GLONASS (Rus-
sia), and Mars rovers Spirit, Oppor-
tunity, and Curiosity (U.S.).

What is unique about Gaia?

The European Space Agency’s Gaia
satellite will survey more than 1 bil-
lion stars and other celestial bodies
during its five-year mission [help-
ing] to create a 3D map of the Milky
Way galaxy. Gaia was developed by
European aerospace companies with
Airbus Defense and Space’s France-
based unit (formerly Astrium) serv-
ing as the prime contractor and pay-
load provider. Maxwell supplied
SCS750 single-board computers to
Airbus Defense and Space’s United

Kingdom-based unit, which provided
Gaia’s video processing units (VPUs).

What were the requirements, and
what set your solution apart?

The SCS750 was the only single-
board computer available combining
the right levels of processing power,
radiation performance, and techno-
logical maturity.

High-performance processing so-
lutions in space typically rely on one-
time programmable components,
such as field-programmable gate ar-
rays (FPGAs) or application-specif-
ic integrated circuits (ASICs). Both are
extremely fast but cannot be changed
once programmed. Gaia wanted the
ability to change the VPUSs’ video-
processing algorithm during ground-
based development and flight thus
making a system heavily dependent
on FPGAs or ASICs undesirable.

On the other hand, traditional
space-level computers, while flexi-
ble, did not provide enough comput-
ing horsepower for Gaia. Traditional

Don’t miss a word

Access the rest of this conversation by visiting

www.militaryaerospace.com/LastWord or scanning
the QR code at left.
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BIO:
NAME: Michael Dowd

TITLE: Senior strategic account
manager
co.: Maxwell Technologies

ROLE: Maker of radiation-hardened
microelectronic components and
systems, as well as energy storage
and power delivery solutions.

CONTACT: www.maxwell.com

space-level computers run anywhere
from 40 to 300 million instructions
per section (mips), which was not
enough processing power to achieve
Gaia’s scientific goals.

Gaia’s video processing algorithms
were implemented in both hardware
and software. Each VPU utilizes FP-
GAs to identify and select objects of
interest on the focal plane array. A
SCS750 running at 1,000 mips con-
tinues tracking and collecting data
about an object as it continues mov-
ing across the focal plane array.

What are the challenges to
engineering electronics for space?
The main challenge of fielding a
space-qualified system is radiation
performance—total ionizing dose,
single-event upset, and single-event
latch-up—which, in turn, leads to

a host of other challenges. Unlike
commercial designers who can pick
any part they find on the Web, space
designers must restrict component
choices to a small subset of approved
components. This subset is skewed
toward older technologies leading
to systems consuming more pow-
er and providing less performance
compared to terrestrial equivalents.
Maxwell’s strategy is geared toward
turning this paradigm on its head. €

www.militaryaerospace.com
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SWAP THIS!

TWO FULLY INDEPENDENT SYSTEMS IN ONE ULTRA-RUGGED BOX
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NSA APPROVED SECURE ARCHITECTURE

SB1002-MD “GOLDEN EYES” FEATURES
TWO FULLY INDEPENDENT SYSTEMS (RED/BLACK) EACH WITH:

= Up to 2. 4GHz Intel” Quad Core™ {7 Haswell processor w/’' 6MEB of L2 Cache

- Up to 32GE of 1600MHz DDR-3 memory with ECC

= Up to 512GB of sealed removable 550 drives

- Up to 512GE of fixed 55D for OS5 boot

- Twao SAM™ sites for custom IO (Wi-Fi/BT and GPS)

- Seven Gigabit Ethernet ports with TCP/AP Offloading Engine (TOE)

- Six USE 2.0 ports and two Serial Ports with R5-232/422/485 options

- Trusted Platform Module (TPM) and Trusted Execution Technology (TXT)

- Supports Intel Virtualization Technology (VT-x/VT-D2) for best performance

- Tamper proof hardware w/optional Secure Erase monitoring wy status LED indicators
¢ Ultra-fow SWaP only 54" x 6.5" x 2.75" @ 3.5 [bs. and as low as 60W total
* Operates from -40° C to +85° C without throttiing CPU speed

Many other standard configurations as well as custom builds available.
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