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EDITOR’S PERSPECTIVE

UAS and counter-UAS outlook
By John McHale, Editorial Director
Welcome to our annual Unmanned Systems issue, our yearly
highlight of the hottest embedded computing elements in
military unmanned platforms. We bring this to you every year
on the eve of the Association for Unmanned Vehicle Systems
International (AUVSI) Xponential show as the magazine and its
editorial staff hit the exhibition floors and conference rooms of
the event.
The event itself remains strong, even as it becomes less military and more focused on the potential of the commercial
unmanned market, which should be huge in applications such
as package delivery, agriculture, law enforcement, hobbyist,
and the like.
While military users may not dominate the show floor at
Xponential like they have in years past, the investment is still
strong in platforms such as the Reaper with procurement of
21 additional aircraft included in the Fiscal Year (FY) 2019
Department of Defense (DoD) budget request. For more on
major platform highlights – manned and unmanned – from the
budget request, see the story on page 16.
Another change I’ve noticed over the last decade regarding
the show and the industry is the evolution from a focus on
the unmanned aircraft platforms – what industry folks call the
“trucks” – toward the control station, toward the payloads, and
toward manned/unmanned teaming. Today we focus much of
our coverage on the electronics content – embedded signal
processing and RF and microwave components – that goes
into the payloads such as intelligence, surveillance, and reconnaissance (ISR); signals intelligence (SIGINT); radar; and electronic warfare (EW). The ever-shrinking size, weight, and power
(SWaP) requirements of these systems is driving innovation at
the supplier level. This challenge is covered in our Mil Tech
Trends feature titled “UAS SWaP constraints driving RF and
microwave designs” on page 30.
Unmanned aircraft are beyond being just eyes high up in the
sky; rather, they have evolved to become persistent surveillance
platforms gathering data where humans and manned platforms
cannot, as well as lethal threats that can fire missiles and attack
in swarms.
Complex threats demand complex counter-solutions. As
a result, a new market is growing fast: the counter-UAS
[unmanned aerial system] market or counter-drone market. In
a McHale Report podcast titled “Deciphering the counter-UAS
market,” I spoke with Mike Blades, Research Director, North
America for Aerospace, Defense & Security at Frost & Sullivan.
He talked about how the counter-UAS market is broken down

www.mil-embedded.com

into two markets – commercial and defense. Defense is the
larger one right now, Blades told me, but the commercial side
will surpass it just as it has in the total unmanned market. Within
the next five years, both markets should be valued in excess of
$5 billion, with the military market getting there first, he says.
Based on research from the Center for the Study of The Drone
at Bard College (http://dronecenter.bard.edu/), Blades estimates that there may be as many as 150 companies developing
counter-drone solutions. The types of counter-UAS solutions
range from handheld RF guns and drones that capture other
drones to full-fledged multilayer drone detection and mitigation systems. “Everybody wants a piece of it, just like drones,”
Blades says.
Examples of counter-drone systems include the multilayer
detection and mitigation system from Blighter and the Drone
Killer handheld counter from IXI Technologies.
A lot of the counter-UAS market is driven by fear, Blades says,
and probably more fear than is likely warranted on the commercial side. From a military perspective, the biggest threat longterm will be swarms, but the tech to truly enable swarms – a
group of UASs that communicate with each other and leverage
artificial intelligence to achieve a mission or endgame – isn’t
quite there yet, he notes.
“When attacks are coordinated, if you take one drone out you
maybe get a mission kill. But drone technology is advancing
so fast, and anything we’re doing the bad guys are also
doing. If you talk to the warfighter, they’re worried,” says
Susan Kelly, site director of the Raytheon Albuquerque group,
in our Special Report article titled “Layered counter-drone
approaches are essential for deployed U.S. forces,” which you’ll
find on page 26. The article covers counter-UAS systems from
Raytheon, Battelle, and SRC.
The technological chess game never ends, though. Blades
says that the military is already working on ways to counter
the counter, such as placing pods on military UASs to spoof an
adversary’s ability to see them, much like fighter aircraft counter
measures. DARPA and prime contractors such as Raytheon are
already developing solutions to these new challenges.
To learn more from Mike Blades, listen to my podcast on the
counter-UAS market by visiting https://bit.ly/2qleZZv; you can
also see him on stage at the Market Insights panel: “Where
we’ve been, where we’re going, and where we’re headed” at
the Xponential show Wednesday, May 2 from 11 am to noon.
We’ll see you there.

MILITARY EMBEDDED SYSTEMS

April/May 2018 7

UNIVERSITY UPDATE

RF spectrum sharing between U.S. military,
public wireless users to be put to the test
By Sally Cole, Senior Editor
The U.S. Federal Communications Commission (FCC), with help from the National
Institute of Standards and Technology
(NIST) and other agencies, is about to
open up a 150 MHz-wide swath of radio
frequency (RF) spectrum traditionally
reserved for the military and allow it to
be shared with mobile operators.
Long coveted by mobile operators and
considered to be a valuable yet underused asset, the 3.5 GHz band of the
electromagnetic spectrum, a.k.a. the
“Innovation Band,” will now be shared
with commercial wireless users when
the U.S. Navy’s not using it for missioncritical offshore radar operations.
This move marks the first time that commercial broadband users will be able
to “share spectrum dynamically with
government users and, if it works, the
FCC may allocate other currently protected RF bands for shared use,” says
Michael Souryal, lead for the spectrum
sharing support project within NIST’s
Communications Technology Laboratory.
“More spectrum sharing could provide
less-congested wireless channels for
densely populated areas and more reliable connections for advanced communications needs such as 5G wireless and
Internet of Things [IoT] applications.”
Wireless communications and mobile
operations place an enormous drain on
the spectrum, which is a finite resource
that’s largely already allocated. As users
continue to embrace and use more
mobile devices, the spectrum will eventually run out of space.
For years, long-term evolution (LTE)
equipment vendors and service providers
such as AT&T, Eriksson, Google, Nokia,
Qualcomm, Sony, and Verizon have lobbied heavily for access to this band –
between 3550 and 3700 MHz – because
they want the opportunity to expand
product markets and give end users
better coverage and higher data-rate
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speeds in a variety of environments in
which service is traditionally weak.
The rules of the FCC-regulated 3.5 GHz
Citizens’ Broadband Radio Service (CBRS)
state that the Navy retains the first right
to the band and private use will only
occur during its downtimes. Others will
be granted access using a three-tier priority allocation structure: 1) incumbent
users such as the U.S. Navy; 2) LTE providers and other organizations which will
pay license fees for the right to share;
3) and general users.
In February 2018, the Wireless Innovation
Forum’s Spectrum Sharing Committee
(WINNF SSC) approved 10 standards for
operating the service. “The completion of
the CBRS Baseline Standards represents
an important milestone for spectrum
sharing – unleashing the band’s potential
for innovation,” says Paul Challoner, vice
president of Network Product Solutions
for Ericsson Inc. USA.
One important factor behind what’s
making all of this possible is an algorithm
that NIST developed to protect military
incumbent users; a NIST-designed computer reference model of that algorithm
will be an integral part of the certification process.
For example, the NIST model simulates
45,000 LTE smaller-size networks (known
as small cells) using the 3.5 GHz band
in the northeastern U.S. In response to
a simulated need for the band by an
offshore Navy vessel, the model calculates which small cells must be shut
down and those that can continue to
transmit. These simulations, along with
others that model wireless networks in
other U.S. coastal regions, will allow the
FCC to test and evaluate how effectively
commercial LTE providers can actually
share the band with the Navy. (Figure 1.)
The RF spectrum will continue to be
a fascinating space to watch. Other
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Figure 1 | NIST simulation shows
wireless users of shared RF spectrum
in coastal Mass. Colored markers
identify users that can continue
operating (blue) or must be shut off
(red) to accommodate a priority need for
wireless band by naval vessels within
an offshore “designated protection area”
(gray). Credit: Michael Souryal/NIST.

researchers, including several at the
Data Science Institute (DSI) at Columbia
University, recently received a grant
from the National Science Foundation to
develop energy-efficient sensors that will
allow mobile and wireless device users
to tap into, unused channels within the
RF spectrum and enable future communications systems to share the spectrum.
“We’ll use all of the data-science tools we
possess – machine learning, neural networks, algorithms, and advanced computation techniques, in conjunction with
new hardware devices – to sense pieces
of the RF spectrum as they become available,” says John Wright, a DSI affiliate
and electrical engineering professor.
Peter Kinget, an electrical engineering
professor at Columbia who specializes
in analog and RF integrated circuits,
will design circuits that can create snapshots of a large portion of the spectrum.
Wright will then design algorithms to
reconstruct the spectrum and help
design a more energy-efficient sensor.
“It will be exciting to see how much
more progress we can make using new
algorithms built on the latest insights in
signal processing,” says Kinget.
www.mil-embedded.com

MIL TECH INSIDER

Pushing airborne ISR data recorders to
new performance heights
By Paul Davis
An industry perspective from Curtiss-Wright Defense Solutions
Capturing wire rate data from today’s compute-intensive intelligence, surveillance, and reconnaissance (ISR) sensor platforms
brings new meaning to the old metaphor “drinking from a fire
hose.” Airborne ISR systems may have hundreds of cameras
and other sensors that generate data that needs to be captured and stored for later analysis. Such sensor systems can’t
be slowed down to let the recording system to catch up with
the flow of data.
The good news is that recent advances in processor architectures and solid-state drives (SSD) are helping recorder designers
keep up with the expanding rivers of sensor data. Previously,
designers of high bandwidth data recorders would turn to the
high-speed, low-latency Serial Front Panel Data Port (SFPDP)
communications protocol, which could handle approximately
1.6 GB of data per second using multiple channels.
Now, thanks to the introduction of built-in 40 gigabit interfaces
on digital signal processor (DSP) boards with Intel Xeon-D processors, and the advent of a new class of superfast Non-Volatile
Memory Express (NVMe) SSDs, it’s possible to design digital
data recorders that can absorb upwards of 6 GB per second of
streaming data, 400 percent more bandwidth then the fastest
SFPDP recorder could handle. These developments open new
possibilities for designers of ISR systems.
Handling the incoming sensor data is a new class of OpenVPX
DSP boards featuring dual Xeon-D processors and two built-in
40 GbE interfaces. (See example, Figure 1.) These modules can
easily absorb the incoming data and redirect it to the persistent
storage media, using PCIe Gen 3 to enable the efficient movement of all the data. In one example, each 40 GbE interface
is supported by x8 PCIe lanes capable of handling more than
7 GB per second of incoming data. The Xeon-D’s 12 cores run
the recorder application under Linux, moving the data through

›

Figure 1 | The dual Intel Xeon-D processors’ built-in 40 GbE
interfaces on Curtiss-Wright’s CHAMP-XD2 module are intended
to handle the high-bandwidth digital data recorder needs for
ISR applications.
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the IP stack and on to the storage. While the storage interfaces
are all PCIe Gen 3, in this example x16 lanes are used.

This new class of 40 GbE-based data recorders
delivers significant improvements compared to the
former top-of-the-line Serial Front Panel Data Port
(SFPDP)-based recorders.
In previous generations of recorders, the data was converted
from PCIe to SATA; the new generation of recorders uses NVMe
SSDs to eliminate that system bottleneck. NVMe memory is
widely supported today, with laptops driving demand for
increased performance. In our example, using two sets of
x16 PCIe lanes, the data is efficiently moved to two removable
NVMe storage modules. Using the M.2 format, the storage
module can be scaled to 32 TB today, with 64 TB capacity in
the near future. NVMe capacity can also be scaled down, but
most sensor applications push for more storage, not less.
This new class of 40 GbE-based data recorders delivers significant improvements compared to the former top-of-the-line
Serial Front Panel Data Port (SFPDP)-based recorders. For
example, if the SFPDP recorder had data on eight channels,
each running at 200 MB per second, its total throughput would
be 1.6 GB per second. To handle a 6.4 GB data stream would
require 32 data channels, so four separate SFPDP recorder
units would need to be deployed on the ISR platform, significantly adding to SWaP-C [size, weight, power, and cost].
It is now possible to design a digital data recorder with a dualprocessor OpenVPX DSP board on which each of the module’s
Xeon-Ds supports a 40 GbE data channel. By keeping the data
as PCIe, instead of converting it to SATA and sending it to SATA
SSDs, the data can be directly pipelined over the backplane
to the PCIe-based NVMe SSDs. With two NVMe blades, each
providing 32 TB of storage, this type of high-performance data
recorder can absorb the full 6.4 GB per second data stream and
store more than 2.5 hours of mission data at maximum speed.
Using this new class of data recorder – that leverage the Xeon-D
processor’s built-in 40GbE interfaces and the capabilities of
the superfast high-density latest generation of NVMe SSDs –
designers of ISR systems can capture high-speed sensor data for
post-mission analysis. The combination of a 40 GbE front end,
PCIe Gen 3 infrastructure, and removable NVMe storage will
enable critical mission data to be stored without compromise.
Curtiss-Wright Defense Solutions
www.curtisswrightds.com
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DEFENSE TECH WIRE
NEWS | TRENDS | DOD SPENDS | CONTRACTS | TECHNOLOGY UPDATES
By Mariana Iriarte, Associate Editor
NEWS

$161 million in electronic jamming equipment for
F/A-18s in U.S., Australia

Northrop Grumman completes fielding of
automated logistics system for the Army

Harris Corp. won a contract modification worth $161 million to
supply the next production lot of electronic jammers to protect
U.S. Navy and Australian F/A-18 Hornet and Super Hornet aircraft against electronic threats.

Officials at Northrop Grumman Corp. announced the company
has finished fielding the U.S. Army’s Global Combat Support
System-Army (GCSS-Army) Increment I, thereby completing the
deployment schedule.

Under the terms of the contract – with deliveries expected
to be completed by May 2021 – Harris will manufacture and
deliver Integrated Defensive Electronic Countermeasures
(IDECM) jammers for the F/A-18C/D/E/F variants. The Harris
ALQ-214(V)4/5 is the key onboard electronic warfare (EW)
jamming system for the IDECM program; the jammers protect
the aircraft from electronic threats, including sophisticated
integrated air defense systems.

The fielding of the complex system, which integrates with
more than 40 other Army systems, required the conversion of
3.2 billion assets valued at more than $350 billion, according
to company officials. When it is fully up and running, the Army
Office of the Deputy Chief of Staff for Logistics projects that
the system will have more than 100,000 users worldwide.

This award is in addition to the $133 million production lot
award Harris won in the first quarter of fiscal 2018.

With GCSS-Army, soldiers have visibility into maintenance,
dispatching, unit supply, property book, finance, and material
management for greater flexibility in operations. The webbased system replaces several outdated management information systems in the Army, National Guard, and Reserve.

Endeavor Robotics receives $9.2 million order for
its small unmanned ground vehicles
The U.S. Marine Corps (USMC) tapped Endeavor Robotics to
deliver additional small unmanned ground vehicles (SUGVs)
under the terms of a recent $9.2 million order.

Figure 1 | An F/A-18F Super Hornet lands aboard USS Ronald Reagan.
Photo courtesy of the U.S. Navy.

Air and missile defense sensor solution from
Raytheon passes U.S. Army program review
Raytheon completed a program and technical review for its
Lower Tier Air and Missile Defense Sensor (LTAMDS) with
the U.S. Army. LTAMDS is intended to eventually replace the
AN/MPQ-65A Patriot radar.

The contract with Defense Logistic Agency (DLA) follows
a previous $15 million contract for UGVs in 2017. The latest
SUGVs being delivered to the Marine Corps come equipped
with Endeavor Robotics’ uPoint Multi-Robot Control System,
which company officials say reduces operator training time by
leveraging interoperable technology and familiar tablet-based
user interfaces.
Marines can now control and observe multiple SUGV robot
assets: The Endeavor Robotics uPoint Multi-Robot Control
System consists of an Android-based, rugged tablet controller
meshed with the MPU5 radio network from software provider
Persistent Systems.

As part of the program, Raytheon will support U.S. Army efforts
to complete LTAMDS concept development by solidifying performance specifications and refining cost and schedule as the
program prepares to enter the Technology Maturation and Risk
Reduction phase; to date, the work has focused on delivering
an LTAMDS solution to soldiers that meets operational requirements as fast as possible.
The LTAMDS program is on a path toward its preliminary design
review in fiscal year 2020.
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Figure 2 | Endeavor Robotics’ 310 small unmanned ground vehicle.
Photo courtesy of Endeavor Robotics.
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NEWS

U.S. Army exercise successfully demos
directed-energy counter-UAV system

DARPA kicks off second swarm sprint in
OFFSET program

A recent U.S. Army exercise saw 45 unmanned aerial vehicles
(UAVs) and drones knocked out of the sky after a high-power
microwave and laser dune buggy from Raytheon advanced,
engaged, and destroyed them.

Defense Advanced Research Projects Agency (DARPA) officials
are moving forward with Phase II of the OFFensive SwarmEnabled Tactics (OFFSET) program, which envisions small-unit
infantry forces using small unmanned aircraft systems (UASs)
and/or small unmanned ground systems (UGSs) in swarms of
250 robots or more to accomplish diverse missions in complex
urban environments.

During this Maneuver Fires Integrated Experiment – known as
MFIX – at the U.S. Army Fires Center of Excellence, military
and industry leaders assembled to demonstrate ways to bridge
the Army’s capability gaps in long-range fires and test shortrange air defense. According to information from Raytheon,
the company’s high-power microwave system engaged multiple UAV swarms and ultimately downed 33 drones two and
three at a time. In addition, Raytheon’s high-energy laser (HEL)
system identified, tracked, engaged, and killed 12 airborne
maneuvering Class I and II UAVs and destroyed six stationary
mortar projectiles.
“The speed and low cost per engagement of directed energy
is revolutionary in protecting our troops against drones,” says
Dr. Thomas Bussing, vice president of Raytheon Advanced
Missile Systems.

To continue advancing the technology development of OFFSET,
DARPA is soliciting proposals for the second “swarm sprint.”
Each of the five core “sprints” focuses on one of the key thrust
areas: Swarm Tactics, Swarm Autonomy, Human-Swarm Team,
Virtual Environment, and Physical Testbed. The second sprint
will focus on improved autonomy through enhancements of
platforms and/or autonomy elements, with the operational
backdrop of using a diverse swarm of 50 air and ground robots
to isolate an urban objective within an area of two city blocks
over a mission duration of 15 to 30 minutes.
The initial entities selected for the second swarm sprint
include Lockheed Martin, Advanced Technology Laboratories,
SoarTech, Charles River Analytics, University of Maryland, and
Carnegie Mellon University.

Lockheed Martin Skunk Works gets green light
from NASA to build supersonic low-boom jet
Lockheed Martin’s Skunk Works won a $247.5 million cost-plus
contract from NASA to design, build, and flight-test the LowBoom Flight Demonstrator, an X-plane designed to make supersonic passenger air travel a reality.

Figure 3 | Raytheon’s high energy laser (HEL) system identified, tracked,
engaged, and killed 12 Class I and II UAVs. Photo courtesy of Raytheon.

U.S. Army places $97 million order for BAE
Systems night-vision, thermal-weapon sight tools
The U.S. Army placed two orders with BAE Systems totaling
$97 million for new night-vision goggles and thermal weapon
sights; together the tools will enable soldiers to rapidly and
covertly acquire targets in all kinds of weather and lighting
conditions.

Lockheed Martin’s Skunk Works will build a full-scale experimental aircraft, known as an X-plane, of its preliminary design
developed under NASA’s Quiet Supersonic Technology
(QueSST) project. The X-plane is intended to enable NASA to
establish an acceptable commercial supersonic noise standard
aimed at overturning current regulations banning commercial
supersonic travel over land.
The aircraft will be built at the Lockheed Martin Skunk Works
facility in Palmdale, California and is slated to conduct its first
flight in 2021.

The recent orders are part of a previously announced five-year
contract for the Army’s Enhanced Night Vision Goggle III and
Family of Weapon Sight-Individual (ENVG III/FWS-I) program.
According to company information, the BAE Systems ENVG III/
FWS-I tools feature a Rapid Target Acquisition (RTA) module that
aims to greatly reduce target engagement time and enhance
lethality. Work on this order will be performed at BAE Systems’
facilities in Lexington, Massachusetts, and Austin, Texas.
www.mil-embedded.com

Figure 4 | In February 2016, NASA awarded Lockheed Martin Skunk Works
a contract to deliver the preliminary design of the supersonic X-plane flight
demonstrator. Photo courtesy of Lockheed Martin.
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EXECUTIVE INTERVIEW

Speeding up
DoD acquisition
process and
increased COTS
use among
primes
By John McHale, Editorial Director

Aligning technology advances
with the slow Department of Defense
(DoD) acquisition process and
mitigating obsolescence with the
long DoD life cycles are the biggest
challenges facing commercial
off-the-shelf (COTS) embedded
computing suppliers in today’s
military electronics market, says
Rich Sorelle, president and chief
executive officer (CEO) of Abaco
Systems, in the following Q & A.
He discusses how technology needs
to get into the hands of warfighters
more quickly, the best application
bets for COTS suppliers as the DoD
budget increases, and why prime
contractors are choosing COTS
more often for their embedded
computing needs. Sorelle also covers
his company’s recent reorganization.
Edited excerpts follow.
12 April/May 2018

Rich Sorelle

MIL-EMBEDDED: Please provide a brief description of your responsibility within
Abaco Systems.
SORELLE: I’m president and CEO of Abaco Systems and report directly to Veritas
Capital, a venture-capital firm based in New York City that purchased Abaco from GE
two years ago. At Abaco we’re focusing our resources on what we do best, which is
ruggedized high-performance computing for the military market in applications such
as avionics, unmanned systems, radar, and ISR [intelligence, surveillance, and reconnaissance] applications.
MIL-EMBEDDED: It’s been about two years since Abaco left the GE umbrella
and I understand the company has gone through a recent reorganization
that included some layoffs and a new focus on how it approaches the defense
market. How has the reorganization changed the ways in which Abaco
approaches the military market?
SORELLE: Abaco took on too much, too fast, when setting up a stand-alone company
outside of GE after the acquisition by Veritas. We had gotten away from what we do
best and the reorganization enables us to focus even more on our customers in the
defense and industrial spaces. We got our cost structure in line with our sales and
today we have more employees than when we left GE. As part of our transformation,
we’ve brought in a new chief financial officer (CFO), chief operating officer (COO), and
chief growth officer (CGO) – all defense and private-equity industry veterans. We’ve
become even more competitive and have partnered with three silicon providers to
ensure we adapt the latest commercially available technologies for our military and
industrial customers.
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systems that take eight years to deploy, on average, are already obsolete when they
hit the field.
There are hundreds more anecdotes I could share, but few solutions to the problem.
Rapid-capabilities offices are being stood up in different services, but more needs to
be done to get technology into the theater more quickly. The problem is that so much
inertia has been created over the decades by the slow acquisition process.
You could trace it back to the development of military specifications (mil-specs), which
originally were meant to be guidelines and tailored as time passed. That concept
has been lost and now the government insists that every product developed strictly
adheres to the mil-spec definitions. This has slowed procurement and deployment of
technology to the warfighter. At the civil servant level, it’s easier to say no because
you don’t have to take the risk that comes with saying yes.
Leadership that embraces risk is needed to address these long-life cycle times. In the
end, the sooner we can get warfighters the capability they need, the more efficiently
they can do their jobs. We owe it to them. Many don’t realize this fact – less than
1 percent of the U.S population wears a military uniform. When you think about history, never has 1 percent protected the personal and economic freedoms of effectively
the entire world. That 1 percent [of young men and women] deserves the best technology we can provide, at a speed that matters.
MIL-EMBEDDED: Are the primes turning more to COTS suppliers in the current
procurement environment?

MIL-EMBEDDED: What are the
biggest challenges you face as COTS
suppliers in today’s defense market?
Uncertainty within the DoD when it
comes to acquisition policy? Supporting
long life cycles/obsolescence? Other?
SORELLE: The biggest challenge facing
COTS suppliers in this market is aligning
technology advances with the long DoD
acquisition process and associated long
support cycles. While the DoD has an
insatiable appetite for new capability to
help them counter increasingly complex
threats, the infrastructure is not set up to
acquire this capability in a timely manner.
The long development cycles create
major headaches with component obsolescence. For example, a chip supplier
delivers next-generation technology
every nine to 18 months, while the military needs platforms to last 25 years. It
takes, on average, 144 months to get
a satellite system into space, but Elon
Musk can do it in 18 months. Weapons
www.mil-embedded.com

SORELLE: I think that primes are turning more and more to COTS suppliers, as they
need a discriminator: pure processing power. COTS suppliers provide primes with a
backbone for processing, enabling them to apply their domain knowledge such as
electronic warfare algorithms. We provide the hardware and they provide the domainrelated software. We do not have the domain knowledge, nor do we want it. While the
primes have the expertise to perform some of these tasks, they don’t have the desire
to spend a lot of money on the infrastructure necessary to enable such technology
development. Their real value is in domain knowledge. More and more primes are
asking themselves: Why do I have to be expert in processor tech? There are experts
out there who do nothing but that for a living and who follow Intel, NVIDIA, and other
silicon providers. Let’s leverage that expertise.
MIL-EMBEDDED: The proposed increases in the administration’s
DoD budget request are well-documented. What are the best applications bets
for COTS suppliers in today’s budget environment? Radar? Electronic warfare?
Avionics? Unmanned systems?
SORELLE: The good news is that overall budgets are increasing while planned budgets for procurement and RDT&E [research development test and evaluation] are
steady, with most increases showing up in O&M [operations and maintenance] for
repair and recapitalization of equipment. The sweet spot for companies like Abaco in
all of this will be application areas that require small form factors and system-on-a-chip
(SoC) technology.
Some examples:
›› DoD-wide aviation programs that require greater CPU/GPGPU processing
power: improving situational awareness, electronic warfare/radar capabilities,
and integrated SoCs;
›› Unmanned/autonomous programs that have strong current and planned
RDT&E initiatives as the technology bow wave pushes the envelope on the
processing power and latency improvements needed to implement capabilities
at the tactical level;
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›› Distributed command and control along with distributed execution that will
require new technologies, algorithms, and equipment with reduced size, weight,
power, and cost (SWaP-C);
›› Space and missile programs that will continue to strive for improved capabilities
while reducing form factor and increasing processing capabilities; small-formfactor requirements that continue to emerge across both ground stations and
missile components; Army tracked and wheeled vehicle programs that have
strong current and planned funding profiles.
MIL-EMBEDDED: Are there any challenges that come with these increases?
SORELLE: A big challenge lies at the government level. A six percent increase in the
budget was announced just six months after the FY2018 budget was passed. That is

EXECUTIVE INTERVIEW

not a lot of time for a slow-moving government bureaucracy. DoD contracting
officers will now have to put most of that
funding in play over the next six months
when they are used to having a year to
complete this process. They have to obligate a bigger budget in half the amount
of time. The political system and the government will need to change some processes and some laws to make sure the
money gets spent efficiently.
MIL-EMBEDDED: Abaco’s acquisition
of 4DSP added signal-processing
expertise to Abaco and made it stronger
in the electronic warfare market. Are
there other technology areas Abaco
may want to add to its portfolio through
acquisition?
SORELLE: 4DSP was a real discriminator
in the market place for us. Their expertise in high-speed data acquisition and
real-time data processing using FPGA
[field-programmable gate array] devices
are applicable to many market segments
in the military and industrial arenas.
Going forward, we are looking at quite a
few possibilities for acquisition and have
an active pipeline, but I’m not at liberty
to talk about them yet. We are always on
the lookout for new technology and to
continue our organic growth.
MIL-EMBEDDED: What markets
outside of aerospace and defense are
growth areas for Abaco?
SORELLE: The majority of our business
is military-focused, but we also support
markets with similar requirements for
high-performance computing and signal
processing in harsh environments such
as industrial, transportation, commercial
aviation, and research.
MIL-EMBEDDED: Your career prior
to Abaco included leadership positions
at prime contractors such as Northrop
Grumman and Exelis. How has that
experience helped you now lead a key
supplier to companies such as those?
SORELLE: Earlier in my career, I was a
part of Abaco’s customer base at the
prime-contractor and system-integrator

14 April/May 2018

MILITARY EMBEDDED SYSTEMS

www.mil-embedded.com

A58_MilEmbSys_2_125x10.qxp_Layout 1 1/30/18

level at companies such as Grumman and Exelis. Now that I’m on the supplier side,
that experience helps me know what Abaco’s customers – the primes – are looking for
from suppliers and how they make buying decisions. From suppliers, everyone wants
the best technology, speed, and responsiveness. They want their suppliers to become
part of a customer team as a trusted partner.
That experience also helps me understand the primes’ relationship with their customers
such as the Navy, Air Force, Marines, and Army and how to work with contracting
officers from each service. When you understand the procurement process from the
Pentagon down to the individual chip, it gives you a visual on how to approach proposals by understanding what the customers need to provide to their customers.
MIL-EMBEDDED: When attending nonmilitary trade shows, there seems
to be a lot less gray hair at these events than at military technology events such
as the large Army (AUSA) and Navy (Sea-Air-Space) shows. Does the military
electronics industry have a talent recruitment challenge on its hands? If so,
how can it be solved?

.18" ht.
Size does
matter!

SORELLE: You have to a bit careful when talking about the big U.S. defense shows
such as AUSA. Many of the attendees are business-development professionals that
came to the industry after long careers in the military. But that is not where the real
engineering talent lies, talent that I see every day with our engineering teams at
Abaco and with the talent pools over the years at the primes.

SURFACE MOUNT

Over my career, I’ve met quite a few young engineers who, once they make a career
within the defense industry, really like it. Support for new technology is what attracted
me as a young engineer and I believe still attracts young engineering talent today.
Many who left and went to commercial markets came back to the military industry, as
they didn’t find the other markets nearly as exciting. As budgets increase and more
job opportunities become available, the early-career talent pool will increase as well.

QPL UNITS STANDARD

MIL-EMBEDDED: Looking forward, what disruptive technology/innovation will be
a game changer in embedded computing? Predict the future.
SORELLE: The future will be about devices that combine hybrid technologies and SoC
designs to enhance the integration and miniaturization of solutions for the warfighter.
When I started as a systems engineer, a system would be comprised of multiple boxes,
each with multiple boards with multiple chips on each board. Now you can put the
capability of all those boxes onto a single chip. In a way, it is mind-boggling.
Looking forward, autonomous platforms and machine-learning applications will
drive much innovation in the military and commercial markets. The pace of technology development will be even faster than it was the last ten years and the DoD
needs to keep up with it to ensure warfighters can leverage this capability as soon
as possible. MES
Rich Sorelle, who joined Abaco Systems in October 2017, has more than 30 years
of experience as a defense electronics executive across a variety of roles, with deep
professional experience in manufacturing, engineering, program management, and
business development. He joined Abaco following a 20-year tenure at ITT/Exelis,
where he most recently served as president of the Electronic Systems division; in this
role, Sorelle was responsible for creating and managing a strategic platform focused
on electronic warfare. He started his career at Grumman Corp., a predecessor
of Northrop Grumman. Rich earned a Bachelor of Science degree in Electrical
Engineering from the New York Institute of Technology.
Abaco Systems • www.abaco.com
www.mil-embedded.com
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Budget Overview
FY 2019 DOD
BUDGET REQUESTS

Modernization,
procurement
highlights from
DoD FY 2019
budget request
By John McHale, Editorial Director
Sailors signal to launch an F/A-18E Super Hornet from the flight deck of the USS Harry S Truman in the Atlantic Ocean during a
composite training unit exercise. Navy photo by Petty Officer 3rd Class Kaysee Lohmann. The FY 2019 program procures 24 E/F
model aircraft and advance procurement for future aircraft as part of a multiyear procurement contract (FY 2019 to FY 2021).

WASHINGTON. Funding requested
for Department of Defense (DoD)
Major Defense Acquisition Programs
(MDAPs) for Fiscal Year (FY) 2019
totals $92.4 billion, accounting
for 33 percent of the Trump
administration’s Procurement and
Research, Development, Test, and
Evaluation (RDT&E) funding request
for the Department of Defense (DoD)
of $236.7 billion. Included below are
updates on programs such as the
F-35, the B-21 Bomber, the RQ-4
Global Hawk, the CVN 78 Gerald R.
Ford aircraft carrier, the Virginia Class
submarine, the Joint Light Tactical
Vehicle (JLTV), and more.
This funding request is covered in the
DoD’s “Program Acquisition Cost by
Weapons System” booklet, which lists
funding for programs that have been
designated as Major Defense Acquisition
Programs (MDAPs). To read the entire
booklet, visit http://comptroller.defense.
gov/Portals/45/Documents/defbudget/
fy2019/FY2019_Weapons.pdf.
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Aircraft and related systems
MDAP funding slated for major aircraft and related systems totals $55.2 billion, up
from the $49.9 billion in the DoD FY 2018 funding request.
The F-35 Joint Strike Fighter (JSF) consists of three variants: the F-35A Conventional
Take-Off and Landing (CTOL), the F-35B Short Take-Off and Vertical Landing (STOVL),
and the F-35C Carrier variant (CV). The FY 2019 program continues systems engineering, development, and operational testing, and supports Continuous Capability
Development and Delivery (C2D2) to provide incremental warfighting capability
improvements to maintain joint air dominance against evolving threats. The request
would procure 77 aircraft in FY 2019: 48 CTOL for the Air Force, 20 STOVL for the
Marine Corps, and 9 CV for the Navy. FY 2019 funding requested is $10.693 billion,
down only slightly from $10.838 billion in the FY 2018 request.
The F-15 program consists of the F-15C/D, a twin engine (F-15C single seat; F-15D
dual seat), supersonic, all-weather, day/night, air superiority fighter; and the F-15E, a
twin-engine, two-seat, supersonic dual-role, day/night, all-weather, deep interdiction
fighter with multirole air-to-air capabilities. The FY 2019 program continues funding
for the F-15E Radar Modernization Program (RMP), which replaces the legacy radar
using existing technology from other aviation platforms. It also solves parts obsolescence problems to provide improved reliability and performance (increased synthetic
aperture radar (SAR) range and resolution), including air-to-air and air-to-ground
modes. It also continues the F-15 C/D radar upgrade program, which replaces the
mechanically-scanned antenna on F-15C/D aircraft with an active electronically
scanned array (AESA) and technology maturation efforts for the aircraft’s Passive/
Active Warning Survivability System (EPAWSS) which is intended to improve F-15E
survivability by enhancing the ability to detect, deny, or defeat air and ground threats.
The FY 2019 program also provides for the development of an Infrared Search and
Track System intended to provide an air-to-air targeting capability in radar-denied
environments. FY 2019 funding requested is $1.067 billion, up from $963 million in
the FY 2018 request.
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The P-8A Poseidon is a multi-mission
platform designed to replace the P-3C
Orion propeller-driven aircraft. The
FY 2019 program calls for procurement
of ten P-8A aircraft, support equipment,
spares, and advance procurement for
FY 2020 aircraft. The request continues
R & D on the P-8A capabilities to meet
the antisubmarine warfare (ASW), antisurface warfare (ASuW), and intelligence,
surveillance, and reconnaissance (ISR)
objectives to be delivered incrementally while full-rate production continues
for the baseline aircraft. FY 2019 funding requested is $2.219 billion, up from
$1.609 billion in the FY 2018 request.
The F/A-18 E/F Super Hornet is a carrierbased multirole tactical fighter and attack
aircraft. Two versions are being produced:
the single-seat E model and the two-seat
F model. The FY 2019 program procures
24 E/F model aircraft and advance procurement for future aircraft as part of a
multiyear procurement contract (FY 2019
to FY 2021). FY 2019 funding requested
is $1.996 billion, up from $1.253 billion in
the FY 2018 request.
The B-21 Raider, formerly known as
the Long Range Strike Bomber (LRS-B)
www.mil-embedded.com

Figure 1 | U.S. Army UH-60M Black Hawk helicopters assigned to the 1st Battalion,
10th Aviation Regiment, 10th Combat Aviation Brigade participate in a personnel movement
mission over Logar province, Afghanistan. (DoD photo by Capt. Peter Smedberg, U.S. Army/
Released). The FY 2019 programs funds procurement of 49 UH-60M aircraft in Base and
one combat loss in overseas combat operations (OCO).

program, is a new high-tech long-range bomber that will eventually replace a portion of the Air Force’s bomber fleet. The B-21 will be a key component of the joint
portfolio of conventional and nuclear-capable deep-strike capabilities. The Air Force
plans to procure a minimum of 100 aircraft. The FY 2019 program looks to continue
engineering and manufacturing development of the B-21. FY 2019 funding requested
is $2.314 billion, up from $2.004 billion spent in FY 2018.
The F-22 Raptor’s FY 2019 program continues critical planned modernization for F-22
aircraft via incremental capability upgrades and key reliability and maintainability
improvements; continues the evolutionary modernization effort through incremental
development phases that enhance the F-22 anti-access/area denial, air superiority,
and global strike capabilities; continues Increment 3.2B modernization, to include
integration of AIM-120D and AIM-9X, additional electronic protection, and improved
geolocation; and begins the Sensor Enhancement new start program to upgrade
various F-22 sensors to meet advanced threats in 2025 and beyond. FY 2019 funding
requested is $867 million, down from $915.1 million in the FY 2017 request.
The V-22 Osprey’s FY 2019 program funds the second year of a follow-on seven-year
multiyear procurement contract (FY 2018 to 2024), procuring seven CMV-22 aircraft
for the Navy. FY 2019 funding requested is $1,28 billion, up from $961.8 million in the
FY 2018 request.
The AH-64E Apache program is a parallel new-build and remanufacture effort, which
integrates a mast-mounted fire control radar into an upgraded and enhanced AH-64
airframe. The FY 2019 program provides funding for the remanufacture of 48 AH-64D
aircraft to the AH-64E configuration and 12 new build AH-64Es in the third year of a
five-year multiyear procurement contract (FY 2017 to FY 2021) and continued development of upgrades to enhance operational capabilities. FY 2019 funding requested
is $1.271 billion, down from $1.442 billion in the FY 2018 request.
The UH-60 Black Hawk’s FY 2019 program funds procurement of 49 UH-60M aircraft
in Base and one combat loss in overseas combat operations (OCO), in the third year of
a follow-on five-year multiyear procurement contract (FY 2017-FY 2021). The request
also funds procurement of 18 upgrades of UH-60A helicopters to UH-60V. Total
FY 2019 funding requested is $1.420 billion, up from $1.059 billion in the FY 2018
request. (Figure 1.)
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The U.S. Air Force MQ-1B Predator and the Army MQ-1C Gray Eagle unmanned
aircraft systems (UASs) are comprised of aircraft configured with a multispectral targeting systems (electro-optical, infrared [IR], laser designator, and infrared illuminator)
providing real-time full-motion video, weapons, data links, and ground control stations
with communications equipment providing line-of-sight and beyond-line-of-sight control. The FY 2019 program calls for funding continued development of advanced
MQ-1 Payload sensors; procures four Gray Eagle UAS in FY 2019 base funding and six
Gray Eagle UASs in OCO funding to replace three combat losses and three UASs in
anticipation of future losses. FY 2019 funding requested is $114.7 million, down from
$174.4 million in the FY 2018 request.

sensor enhancements, and the U.S. contribution to the NATO AGS. Total FY 2019
funding requested for these platforms is
$1.161 billion, down from $1.225 billion
spent in FY 2018.

The FY 2019 program for the U.S. Air Force MQ-9 Reaper UAS funds the continued
development, transformation, and fielding of Reaper aircraft and ground stations. The
base request includes the procurement of eight UASs and nine dual ground-control
stations and continues the modification of MQ-9s to the extended range configuration. The OCO request includes the procurement of 21 additional aircraft, updated
multispectral sensors, and payload modifications to replace eight combat losses and
13 anticipated losses. The total FY 2019 funding requested is $911.7 million, down
from $1.009 billion spent in FY 2018.
The U.S. Air Force RQ-4 Global Hawk, Navy MQ-4C Triton, and NATO Alliance Ground
Surveillance (AGS) UAS programs provide high-altitude, long-endurance ISR capabilities.
The FY 2019 program for MQ-4C funds the procurement of three systems and continues
to fund development activities associated with software upgrades and the multi-intelligence effort. Funding RQ-4 provides for the development and modification efforts for
the Block 30, Block 40, Airborne Signals Intelligence Payload (ASIP) Increment II, various
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The U.S. Navy MQ-25 Stingray Unmanned Carrier Aviation (UCA) program
is developing an unmanned capability
to embark as part of the Carrier Air
Wing (CVW) to conduct aerial refueling
and provide ISR capability. The MQ-25
will extend CVW mission effectiveness
range and partially mitigate the current
Carrier Strike Group (CSG) organic ISR
shortfall. The MQ-25 was previously
funded under the Unmanned Carrier
Launched Airborne Surveillance and
Strike (UCLASS) program. The program
is expected to enter into Engineering
and Manufacturing Development (EMD)
in the fourth quarter of FY 2018. The
President’s budget request accelerates Initial Operating Capability (IOC)
two years to FY 2026. The FY 2019
program begins to ramp up efforts on
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the airframe, propulsion, avionics, and
payload, in the areas of design, development, integration, fabrication, and
testing. It also starts long-lead procurement of hardware for four flying and two
structural test air vehicles and increases
system engineering on the air vehicle.
Total FY 2019 funding requested for
these platforms is $684 million, up from
$222.2 million in the FY 2018 request.
Shipbuilding and maritime platforms
MDAP funding slated for major shipbuilding and maritime systems totals
$33.4 billion.
The CVN 78 Gerald R. Ford-class ships
will include new technologies and
improvements to improve efficiency and
operating costs as well as reduce crew
requirements. The FY 2019 program
funds the second year of construction
costs for USS Enterprise (CVN 80) along
with outfitting, training, and continued
development of ship systems. FY 2019
funding requested is $1.766 billion, down
from $4.638 billion spent in FY 2018.
The FY 2019 program for DDG 51 Arleigh
Burke-class guided missile destroyers
calls for funding three Flight III DDG
51-class destroyers as part of a multiyear procurement contract for ten ships
from FY 2018 to FY 2022 (with potential
options for additional ships), outfitting
costs, cost-to-complete for prior year
ships, and continued development of
ship systems. FY 2019 funding requested
is $5.986 billion, up from $4.014 billion
spent in FY 2018.
The Littoral Combat Ship (LCS) FY 2019
program funds construction of one
LCS seaframe, outfitting, trainers, support equipment, cost-to-complete for
prior year ships, modernization efforts,
and development costs for a new class
of small surface combatant. FY 2019
funding requested is $1.254 billion,
down from $1.654 billion in the FY 2018
request.
The Columbia-class ballistic missile
submarine is designed to replace the
current Ohio class of Fleet Ballistic
Missile Submarine (SSBN). The FY 2019
program funds advance procurement for
www.mil-embedded.com

long-lead items, detail design, and research and development of nuclear technologies
and ship systems such as the propulsion system, combat systems technology, and the
common missile compartment. FY 2019 funding requested is $3.710 billion, up from
$1.885 billion in the FY 2018 request.
The Virginia-class submarine’s FY 2019 program calls for funding two ships in the first
year of a multiyear procurement contract, from FY 2019 to FY 2023, for ten ships;
Economic Order Quantity (EOQ); advance procurement for two ships in future years;
and outfitting and support equipment. It also continues funding the development
of the Virginia Payload Module, technology, prototype components, and systems
engineering required for design and construction. FY 2019 funding requested is
$7.446 billion, up from $5.546 billion in the FY 2018 request.

1500 MPH.
8.7 Gs.
Zero Margin of Error.

When you’re hurtling headlong past sonic breach, you can’t afford a systems
failure. At Positronic, we build high reliability power and signal connectors.
But our true call is to provide certainty. Rock solid, mission-critical
performance upon which you can bank life and limb, family, fortune,
freedom. We consider it an honor. We consider it an inviolable trust.
POSITRONIC. THE SCIENCE OF CERTAINTY.
// www.connectpositronic.com/mes_apr2018

MILITARY EMBEDDED SYSTEMS

April/May 2018 19

Budget Overview
The Ship to Shore Connector (SSC) is the functional replacement for the existing fleet
of Landing Craft, Air Cushioned (LCAC) vehicles, which are nearing the end of their
service life. The FY 2019 program continues construction funding of LHA 8, outfitting
costs, and continuing research and development efforts. FY 2019 funding requested
is $362.4 million, up from $245.1 million in the FY 2018 request.
Ground vehicles
MDAP funding slated for major ground systems totals $15.9 billion.
The Joint Light Tactical Vehicle (JLTV) is a joint program currently in development for
the Army and Marine Corps. The FY 2019 program calls for funding procurement of
more than 5,000 JLTVs of various configurations to fulfill the requirements of multiple
mission roles and minimize ownership costs for the Light Tactical Vehicle fleet. FY 2019
funding requested is $1.961 billion, up from $1.142 billion in the FY 2018 request.
The Armored Multi-Purpose Vehicle (AMPV) will replace the M113 Armored Personnel
Carrier program that was terminated in 2007. The FY 2019 program calls for funding
the completion of the AMPV Engineering and Manufacturing Development (EMD)
phase and testing, system live-fire testing of prototypes, completion of a System
Verification Review/Production Readiness Review (SVR/PRR), and procurement
of 197 LRIP vehicles. Total FY 2019 funding requested is $828.4 million, up from
$647.4 billion spent in FY 2018.
The Army has been modernizing the M1A2 Abrams battle tank since 1994 with a series
of upgrades to improve its capabilities, collectively known as the System Enhancement
Package (SEP) and the Tank Urban Survival Kit (TUSK). The FY 2019 program funds

LIGHTER, SMALLER, MORE DURABLE
CONNECTORS FOR ANY APPLICATION
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THE ARMY HAS BEEN
MODERNIZING THE M1A2
ABRAMS BATTLE TANK SINCE
1994 WITH A SERIES OF
UPGRADES TO IMPROVE ITS
CAPABILITIES, COLLECTIVELY
KNOWN AS THE SYSTEM
ENHANCEMENT PACKAGE
(SEP) AND THE TANK URBAN
SURVIVAL KIT (TUSK).

continuation of M1A2 SEPv3 (ECP 1A –
Power) testing, continues M1A2 SEPv4
(ECP IB – lethality improvements) development, and continues the testing of the
Trophy Active Protective System (APS)
Non-Development Item (NDI) effort
leading to an Urgent Material Release
(UMR) in the first quarter of FY 2019. It
also provides the upgrade of 135 M1A1
vehicle variants to the M1A2SEP v3
variant. The request begins procurement
of an additional three brigades of Trophy
APS and funds numerous approved
modifications to fielded M1A2 Abrams
tanks (e.g., Ammunition Data Link [ADL]
to enable firing of the Army’s new smart
120 mm ammunition and Commander’s
Remote Operating Weapon Station –
Low Profile [CROWS-LP]). Total FY 2019
funding requested is $2.657 billion,
up from $1.213 billion in the FY 2018
request. (Figure 2.)
The Stryker platform is a 19-ton wheeled
armored vehicle that provides the Army
with a family of 17 different vehicles
(10 flat bottom and 7 double V-hull).
The FY 2019 program funds Engineering
Change Proposal (ECP) 1 testing,
allows for ECP 2 lethality upgrade, and
continues support of the application
of multiple fleetwide modifications.
Modifications address the following areas
in the FY 2019 program: Training Devices;
Command, Control, Communications,
Computers, and Intelligence (C4I) obsolescence; reliability, capability, and
www.mil-embedded.com

performance degradation; safety; and
operational-related issues. The request
provides for the logistical support of
a 30 mm weapon system and procures
the ECP of three Stryker Flat Bottom
vehicles configured as double V hull
vehicles. FY 2019 funding requested is
$368.3 million, up from $178.2 million in
the FY 2018 request.
The Amphibious Combat Vehicle (ACV)
will replace the aging Amphibious
Assault Vehicle. The FY 2019 program
calls for funding the ACV 1.1 corrective
actions, advanced capability improvements, Operational Test & Evaluation
(OT&E), and Live Fire Test & Evaluation
(LFT&E) support for the down-selected
contractor. It also provides funding
for the design and development of
the new Command and Control and
Recovery variants and modification
of the ACV 1.1 Personnel test vehicles into the ACV 1.2 configurations.
Lastly, it also procures the LRIP of 30
vehicles, plus procurement of related

›

Figure 2 | Soldiers assigned to the 4th Infantry Division’s Company A, 1st Battalion,
68th Armor Regiment, 3rd Armored Brigade Combat Team conduct a live-fire exercise
with M1A2 Abrams tanks at the 7th Army Training Command’s Grafenwoehr Training Area,
Germany. Army photo by Gertrud Zach. The M1A2 program’s modernization continues
under the FY 2019 request.

items such as production support, systems engineering/program management,
Engineering Change Orders (ECOs), Government Furnished Equipment (GFE), and
integrated logistics support and initial spares, which support the ACV Increment 1.1
program. FY 2019 funding requested is $265.7 million, down from $340.5 million
spent in FY 2018. MES
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Budget Overview
FY 2019 DOD
BUDGET REQUESTS

The impact
of DoD budget
increases
on defense
electronics
suppliers
By John McHale, Editorial Director

In this issue, Military Embedded
Systems hosts an online roundtable
with experts from the defense
electronics industry, discussing the
Trump administration’s Department of
Defense (DoD) Fiscal Year (FY) 2019
budget request. The DoD overall
requests total $686.1 billion, up
almost seven percent over the FY 2018
request. The panelists discuss the
budget’s potential effect on defense
electronics suppliers and which
applications are the winners in the
budget, including unmanned systems,
the Joint Light Tactical Vehicle (JLTV),
fighter aircraft, and more.
22 April/May 2018

Our panelists are Sean D’Arcy, Director – Aerospace and Defense – Analog Devices,
Inc.; Doug Patterson, Vice President, Military & Aerospace Business Sector at Aitech
Defense Systems; and Manuel Uhm, Director of Marketing, Ettus Research, a National
Instruments company and Chief Marketing Officer of the Wireless Innovation Forum
(formerly the SDR Forum).
MIL-EMBEDDED: The DoD released its FY 2019 budget request this month and
once again it is an increase over the previous year, growing about seven percent
to $686.1 billion. How have the recent increases in defense spending impacted
the defense electronic industry? Is it getting easier to forecast sales with this
consistent growth?
D’ARCY: The majority of newer weapons systems contain significantly more electronic content than previous generations. Aside from electronic warfare (EW), radar,
and military communications systems, we are seeing electronics becoming the key
technology in small missiles, guided projectiles, and soldier systems. This is driving
greater miniaturization and integration in packages that can survive extreme environments and mechanical shock. Forecasting may be more difficult, as adoption
depends on success in addressing the previously mentioned mechanical and environmental challenges.
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for the B-21 Bomber and the Columbia-class submarine. But this sector also will benefit
from the increased industry base and consumer confidence that has been present since
the November 2016 election and what we experienced throughout 2017.
As the Research, Development, Test and Evaluation (RDT&E) budget increases,
available funding to the defense electronics sector – and the military embedded
computing market – increases, but the effects are not immediately reflected in the
bottom line of any company. There is a long process, and a natural lag time, from
the president’s budget request, through the varied Congressional Budget hearings
and budget resolutions, to the Defense Appropriations Bill, which is voted into law.
From there, the various defense armed services have to produce approved program
spending budget increases for this to then flow down to the various prime contractors
and, in turn, to their subcontractors.

“... ACCURATELY FORECASTING SALES HAS PROVEN TO BE
PART EXPERIENCE, PART CUSTOMER FEEDBACK, PART DOD
PROGRAM FUNDING TRACKING, AND PART BLACK MAGIC.”
– DOUG PATTERSON, AITECH

Regarding forecasting: From my perspective, time and again, accurately forecasting
sales has proven to be part experience, part customer feedback, part DoD program
funding tracking, and part black magic. And if anyone comes up with a better than
50 percent forecasting model, I want to see it! What has been getting easier over the
last year, though, is predicting the effects of program funding uncertainty and risks, i.e.,
with market and consumer confidence increases, the risks of program cancellation are
lower – for now anyway, as this can change in a heartbeat if you’re not watching closely.
UHM: The increase is certainly good news for the defense industry and its suppliers.
That being said, it takes a while for the money to get distributed and trickle down. So
trying to apply that to a specific forecast for a company or product portfolio would be
premature. However, it gives suppliers some optimism going into FY 2019. Given the
yearly DoD budgeting process, it is generally difficult to reliably forecast sales more
than a couple years in advance. Unless the process changes, which is unlikely in the
foreseeable future, forecasting will remain a challenge. Regardless, the defense electronics industry will certainly benefit from the increased funding which should enable
the warfighter to have greater access to the state of the art in systems for electronic
warfare, SIGINT [signals intelligence], and radar.
PATTERSON: This proposed budget
funds Defense Secretary James N. Mattis’
three lines of effort:
›› Build a more lethal, resilient, agile,
and ready joint force
›› Strengthen alliances and attracting
new partners
›› Reform the department’s business
practices for greater performance
and affordability
If the budget is passed, the defense electronics sector will benefit from not only
the increased DoD spending in programs
such as the JLTV, the M-1 Abrams modernization program, new AH-64 Apache
helicopters, 15 new KC-46 Pegasus tanker
aircraft, and 10 new P-8 Poseidon aircraft
as well as significant funding increases
www.mil-embedded.com

MIL-EMBEDDED: What applications are the best opportunities for embedded
COTS [commercial off-the-shelf] hardware and software suppliers ... electronic
warfare? Avionics? Unmanned systems? Radar? Other? And why?
D’ARCY: Related to my previous answer, embedded COTS systems will achieve significant growth in meeting the needs of guided pyrotechnically launched munitions
(aka smart bullets). The miniaturization and environmental survivability from adjacent
industries should provide a strong fabric to address the challenges unique to these
munitions. In EW, radar, and military communications, a synergy is emerging between
developments in the 5G and commercial spaces and the complex requirements of
U.S. and allied militaries.
PATTERSON: Nearly every aspect and application of the military/defense embedded
COTS computing market could benefit, including C4ISR [command, control, communications, computers, intelligence, surveillance, and reconnaissance] for the ground vehicle
market (both manned and autonomous), naval (above and below water, manned and
unmanned), the avionics market (unmanned aircraft systems and manned platforms),
etc. The “why” is a much easier proposition to quantify. With program upgrades and
the potential for new program starts looming on the horizon, the need to replace aging
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and obsolete electronics is a current mandate for increased platform lethality to lessen
the possibility of potential collateral damage and enhance troop survivability.

winners separate from losers, but in the
meantime, there is a tremendous amount
of activity in this area.

UHM: There are quite a lot of good opportunities right now, but the fastest growth at
a market segment level is in EW, antidrone systems, and UAVs [unmanned aerial vehicles]. While EW has been in growth mode for several years now due to the increasing
need for spectrum dominance over enemy forces, the proliferation of drones and UAVs
has also resulted in new means for guerilla warfare, which necessitate ways to counter
them. In addition to that, there are plenty of civilian reasons for being able to control
drones in airspace around airports, prisons, and stadiums during high-profile events,
for example. COTS hardware and software are being used by a number of companies,
from startups to defense primes, to rapidly develop, prototype, and field antidrone systems. At some point, the number of companies in this area will start to consolidate as

Other emerging areas of opportunity
for COTS vendors include cybersecurity
and artificial intelligence (AI)/machine
learning (ML). Cybersecurity continues to
be a hot topic as more hacks and security
vulnerabilities become known. ML is a
very hot emerging technology to address
many issues related to autonomous
systems and big data, among others,
but it is still early days and the industry
will benefit in coming years from more
standards, tools, and application software being available as the ecosystem
develops and grows. For both of these
areas of opportunity, it will be critical for
suppliers to work with the ecosystem to
address the software development tool
flows and application software needed to
enable customer success. As an example,
both areas typically require support for
field-programmable gate arrays (FPGAs)
and/or graphics processing units (GPUs)
with nontrivial tool flows and IP.
MIL-EMBEDDED: Will these
applications be more around upgrades?
New designs/platforms? Sustainment?
And why?
D’ARCY: Small-diameter guided munitions will be new developments supporting existing and in-development
launch platforms. Though the expansion
of phased array systems will drive the
replacement of disparate mechanically
scanned systems, they will be closer to
new development than retrofit, modification, and update (RMU) programs.
With appropriate security, we will also
see a migration of existing health and
well-being systems from the consumer
to embedded military soldier systems.
PATTERSON: At the moment, there is
a great deal of effort around updating
existing platforms due to the semiconductor industry’s self-imposed penchant
of obsolescing components, with no
regard whatsoever for the effect upon our
national security and warfighter support.
Next are new designs and new programs,
then sustainment efforts. New efforts
toward providing vehicle or platform
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diagnostics and prognostics – or predicting when routine or emergency maintenance is required – are making some
significant advances in intelligent electronic and electromechanical subsystems.
UHM: Due to the length of time it takes
to kick off and fund new programs,
I would expect most of the additional
funding to go towards existing programs
of record. That being said, there is always
room for innovation, which can be driven
by organizations like DARPA [Defense
Advanced Research Projects Agency]
and the National Spectrum Consortium,
both of which benefit from DoD funding.
However, this is honestly a relatively
small drop in the bucket of all the DoD
spending, but one that is important in
keeping innovation at the forefront of
new defense electronic systems.

In addition, the technology trends make it increasingly difficult to meet industry
needs and requirements. For example, 5G is driving towards lower latency communications, MIMO (higher antenna count), and higher frequencies, all of which are
significant challenges in their own right. Trying to anticipate and address defense
industry requirements related to 5G is nontrivial as it also adds on top the challenges related to as low SWaP [size, weight, and power] as possible, multiple mission
profiles, and even managing the supply chain for lengthy 15- to 20-year defense
programs with commercial components that often go end-of-life within five years
of launch.
With all that being said, I anticipate 2018 to be another great year for the defense
industry, filled with new innovations to meet the ever-increasing number of challenges
and threats. MES

MIL-EMBEDDED: Where will the
biggest challenges be for embedded
suppliers in this growing defense
market?
D’ARCY: The greatest challenge may
well be keeping up with the demand.
Embedded COTS systems provide a
strong baseline but will require customization for survivability, security, and military integration, which will tax resources
across the industry.
PATTERSON: Keeping up with the advances in technology, the early adoption
of companies driving those technologies
as well as their competition playing catchup will keep the product marketing managers on their toes. It’s one thing to wait
for “market pull,” but growth will favor
those who also embrace “technology
push.” Maintaining that precarious balance will be critical.
UHM: Keeping up with all the latest standards, trends, and enabling technologies
is always a challenge. Those can range
from supporting the latest backplane
standards, such as VPX, to new connector
standards, like Thunderbolt, to new processors and tools, like the RFSoC family
from Xilinx. Most suppliers will not be able
to support all of these, so they will have to
pick and choose depending on the specific demands from their customer base.
www.mil-embedded.com
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Layered
counter-drone
approaches
are essential
for deployed
U.S. forces
By Sally Cole, Senior Editor
Raytheon’s high-power microwave technology can be used as the
first line of defense, with an unlimited magazine. Courtesy of Raytheon.

Weaponized drones pose a clear and escalating threat to deployed U.S. forces. The increased danger means that
layered counter-drone approaches are now essential for detecting, identifying, tracking, and killing not just lone drones
but coordinated groups and swarms.
Weaponized small drones – inexpensive
unmanned aircraft systems (UASs) – have
emerged relatively quickly as a major
threat to deployed U.S. forces, particularly infantry units, according to a new
report by the National Academies of
Sciences, Engineering, and Medicine.
While the U.S. Department of Defense
(DoD) has developed tactics to counter
single drones, the report says there’s an
urgent need to develop countermeasures against multiple drones organized
in coordinated groups or swarms.

Virginia) and chair of the committee
behind the report. In fact, drones can
be fitted with external or embedded
explosives designed to explode on contact, or an adversary can use drones
to attempt to jam U.S. forces’ radio-
frequency (RF) signals or to support clandestine i nformation-gathering operations.

Why are drones a threat? Because they
can be easily modified to carry lethal
weapons, identify targets at long
ranges, and carry out electronic warfare
(EW) attacks. Moreover, adversaries can
launch coordinated group or swarm
attacks at a surprisingly low cost.

The National Academies report highlights the fact that although the DoD has
invested significantly in technologies to
counter these threats, the focus is often
on detecting RF transmissions of the
UAS or their operators. Consumer and
customized small UASs, however, are
increasingly operating without RF command-and-control links by using automated target recognition and tracking,
obstacle avoidance, and other capabilities
enabled by software.

“Modified hobby drones can be used to
support conventional and unconventional
attacks,” says Albert Sciarretta, president of CNS Technologies (Springfield,

Thankfully, counter-drone technologies
do exist and are ready to deploy today.
The focus is now shifting to layered solutions, to ensure that a user can counter
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whatever comes at them. While no
means an exhaustive list, let’s take a look
at three of the different types of counterdrone technologies available now.
Handheld counter-drone solution
Battelle – a global research and development organization headquartered in
Columbus, Ohio – is developing counterUAS solutions across the entire range of
detect, track, identify, and defeat actions.
Threats posed by drones have “emerged
and continue to evolve remarkably
quickly,” says Daniel E. Stamm, manager of Battelle’s Counter-UAS Program,
Integrated and Unmanned Systems. The
level of sophistication in communication
between an unmanned aerial vehicle
(UAV) and its ground-control station –
available for less than $1,000 – is “absolutely remarkable,” he adds. “Makers
of small commercial drones are pushing
nuanced communication capabilities
beyond that which was almost considered inconceivable just a few years ago.”
www.mil-embedded.com
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Figure 1 | Battelle’s DroneDefender is an easy-to-use, lightweight, nonkinetic, point-andshoot option for defending airspace ranges of up to 400 meters. Image courtesy of Battelle.

as in nonwarfare situations. “The largest portion of the UAS threat is probably to the
U.S. military at this time, but the UAS threat is likely going to become a much wider
reality in the not-too-distant future,” he says.
One of Battelle’s solutions is the “DroneDefender” family, which provides an easyto-use, lightweight, nonkinetic, point-and-shoot way to defend airspace ranges of up
to 400 meters against UASs, such as quadcopters and hexacopters. (See Figure 1.)

This reality is largely thanks to the commercial small UAS industry’s investments
“into technologies to enable longer
stable flights with more impressive payloads,” Stamm points out. “But it yielded
a situation in which nefarious actors can
present extremely effective threats to
our nation’s security and that of our
allies without having to develop the
technology or capabilities themselves.”
It’s challenging to keep counter-UAS
technology abreast with the UAS capability it is intended to oppose. “The DoD,
other U.S. organizations, and many alliednation agencies are working to identify
and document the requirements for
near-term and future UAS technologies,”
Stamm says. “But this is a very difficult
process, especially with such a rapidly
evolving threat and a federal acquisition
process that isn’t tailored to incentivize
agility and innovation. In the meantime,
the defense industry is making significant
investments to attempt to stay in front of
the evolving threat.”
Stamm’s research group is developing
relatively small, lightweight, and easyto-operate solutions that will be useful
in military and warfare situations, as well
www.mil-embedded.com

SWaP (size, weight, and power) is “extremely important within this realm,” Stamm
notes. “Our warfighters are already burdened with physical and cognitive loads. It’s
essential to consider this when developing UAS solutions, and to make them as useful
and functional as possible for our warfighters.”
High-power microwave technology
Among the most intriguing counter-drone solutions is a high-power microwave technology from Raytheon (Waltham, Massachusetts), which essentially uses the same
technology as household microwaves but is millions of times more powerful.
“The pulse that comes out of our system is very short – nanoseconds long at extremely
high power,” says Susan Kelly, site director of the Raytheon Albuquerque group. “Our
high-power microwave technology destroys the electronic components in UAVs, as
well as Class 1 and 2 drones. It has a relatively large beam width, so it’s different than
a laser, which is very accurate and pinpoints a target, but has to stay on the drone
for a few seconds to do any damage.” It’s important to note that this isn’t the same
microwave technology used for crowd control, which makes a target’s skin feel as if
it’s burning.
High-power microwave is nearly instantaneous and kills anything within a large swath.
“It’s directional – you can point it in a given direction,” explains Kelly. “This makes
high-power microwave a good method to counter swarms. If we’ve got three or four
drones coming in from the north at 10 to 20 degrees away from each other, we can
point our system at it and take them down with one shot. We’ll shoot rapidly multiple
times, but that’s just to ensure we got them all. Then, we can turn our antenna to the
next area where drones are coming in and take them down as well.”
Technology to get swarms to communicate with each other is improving, and counterUAS technologies exist that make use of the data link between the drone and its
ground station that controls it by jamming or using cyber effects to confuse it. “For
drones that are fully autonomous – guided via waypoint, without a link back down to
the ground station – jamming techniques won’t work. Raytheon’s high-power microwave technology doesn’t require any of this because it directly affects the drone
itself,” she explains.
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The system’s users control it on-site
today, but in the future it may be operated remotely or autonomously. “You
can put these around a runway or base
to protect it from drones,” Kelly says.
“We have a concept to put it on ships,
but it’s a little more difficult because
deck space is at a premium.”

high-power microwave system were
designed by us,” Kelly says. “It’s not
your grandfather’s radar. The amount
of power that comes out of a traditional
radar, to track an airplane for example,
is minuscule compared to the amount of
power our system sends out [the numbers are classified].”

take these drones out,” Kelly says. “Our
concept is that you’d have a high-power
microwave system forward-deployed
around a base that would take the first
shot against drones. If for some reason
it doesn’t get them all, you take another
shot because it’s an unlimited magazine.
No reloading … just keep shooting.”

Raytheon’s high-power microwave is
primarily custom-built and doesn’t rely
on commercial off-the-shelf (COTS) components. “Most of the critical parts in the

Since base commanders are unlikely to
want to rely solely upon any single solution
to counter drones, “it’s all about having
a layered defense and multiple ways to

But if a threat helicopter swoops in, you
wouldn’t fire a high-power microwave
at it. “You’re going to want to have a
missile available, because it’s an easy
cost exchange to fire a missile at a helicopter,” Kelly explains. “And you probably want a laser available as another
tool. High-power microwave is a first line
of defense because its range is pretty
far, but laser range is even farther if the
weather is good. The weapon of last
resort is going to be whatever missile
you deem necessary to do the job – you
don’t want to spend $1 million to take
out a $1,000 drone.”
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Mobile counter-drone solution
A mobile counter-drone option, developed by SRC Inc. (North Syracuse, New
York), called Silent Archer, features TRL
8/9 radar and EW systems, a camera,
and a 3-D display. “It uses a radar system
for detecting and tracking, and from
that we can slew a camera to put eyes
on a target,” says Dave Bessey, assistant
vice president of Counter-UAS Business
Development for SRC. “In the same
period of time, we’re also looking for
emissions off enemy aircraft, UAVs, and
UASs.” (Figure 2.)
Once it’s determined a drone is entering
a zone that needs to be protected –
critical infrastructure, land forces, or
a port or harbor – a decision is made
whether to launch a nonkinetic attack.
“Nonkinetic attacks can range from jamming communication links between the
operator and UAV to getting involved in
their video feed or more advanced techniques [which are classified],” Bessey
explains. “But the enemy is continually
improving their capabilities, so we need
to stay ahead. We can also cue kinetic
weapons, because we have customers
who want a last line of defense so that in
case something gets past the nonkinetic
response they’ll be able to cue a missile,
www.mil-embedded.com

bullet, or other UAV to go up and attack
the incoming UAV.”
When it comes to reaction time to hostile
drones, “we need radars and electronic
warfare,” Bessey says. “We need to be
looking at two things: where they’re
coming from a distance, and when you
need to make a decision about whether
they’re doing an ISR [intelligence, surveillance, reconnaissance] mission or bringing in a weaponized drone against you.
This dictates how far out you need to
attack them. And we’re talking seconds
or less than minutes to be able to identify the target, [ascertain] the enemy,
and make a determination about the
response needed.”

›

Figure 2 | A sample configuration of SRC’s Silent Archer UAS technology, which detects,
tracks, identifies, and defeats drones using electronic countermeasures while on the move.
Image courtesy of SRC Inc.

Today, soldiers are in the loop with Silent Archer, “but every year, we’re automating
Silent Archer uses a layered approach.
it more so that in the future it’ll be a completely automated system,” Bessey notes.
“The radar does passive detection,”
notes Paul Tremont, president and CEO
Swarms on the horizon
of SRC. “And a drone doesn’t need to
Swarms and more coordinated attacks are the new reality for deployed forces. “Fighter
be communicating with a controller for
jets use a ‘hunter-killer’ tactic, in which one goes forward to search for targets while a
us to detect and cue devices to defeat
guy in the back has the missile for the kill,” says Raytheon’s Kelly. “Drones do this, too.
it in a nonkinetic way. But if it is commuAnd just because we kill the first drone doesn’t mean the second one can’t still carry
nicating, we have an electronic system
out its mission. When attacks are coordinated, if you take one drone out you maybe
that can impact it, and we can put eyes
get a mission kill. But drone technology is advancing so fast, and anything we’re doing
on it with sophisticated cameras that can
SEA-18025 MES May Half Page - Mil.pdf
1
3/20/18
3:07 PM
the
bad
guys are
doing. If you talk to the warfighter, they’re worried.” MES
see quite far.”
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RF AND MICROWAVE
TECHNOLOGY FOR
UNMANNED SYSTEMS

UAS SWaP
constraints
driving RF and
microwave
designs
By Mariana Iriarte, Technology Editor
Designers are packing more sensors and cutting-edge technology onto all types of unmanned aerial systems (UASs),
which means that RF and microwave systems aboard these craft must meet strict size, weight, and power constraints
while delivering top-notch capabilities. In this photo, Army Spc. William Ritter checks the assembly of the RQ-11 Raven,
a small UAS, during a January 2018 training exercise in Germany. U.S. Army photo by Spc. Dustin D. Biven.

The electronics footprint on
unmanned aircraft systems (UASs)
continues to shrink. These reduced
size, weight, and power (SWaP)
requirements are driving radio
frequency (RF) and microwave
designers to come up with innovative
ways to deliver the reduced SWaP
while increasing performance and
enhancing the platform’s capability.
Military unmanned aerial systems (UASs)
have become multimission platforms
tackling tasks such as intelligence, surveillance, and reconnaissance (ISR), electronic warfare, and signal intelligence.
Packing all that capability into each UAS
payload puts pressure on RF and microwave designers who have to grapple
with the reduced SWaP requirements
that always accompany the demands for
more capability.
“Today’s unmanned systems range from
small drones to large systems – such as
the Global Hawk – and bring with them
a huge set of challenges,” says Doug
Carlson, Vice President of Strategy for
MACOM (Lowell, Massachusetts).

30 April/May 2018

One major obstacle: “Next-generation sensors are collecting greater amounts of data
that require data link subsystems to support increased data rates and transmission
ranges,” explains Kevin Beals, Vice President and General Manager, RF and Microwave
Solutions Group, Mercury Systems (Chelmsford, Massachusetts).
RF and microwave designers take this overall platform design into account when
dealing with an already SWaP-constrained system. “From a broader perspective,
unmanned systems are growing increasingly prevalent and packing more capabilities
into ever-shrinking form factors,” Beals states.
Another complicating element is that users “are now looking to adapt technologies
once reserved for larger platforms, like electronic warfare (EW) for aircraft, for use in
unmanned systems,” Beals adds.
The interesting part is that “Design trends remain relatively unchanged over the last
decade – size, weight, power, and cost (SWaP-C) are key focus areas for every military
customer and design,” MACOM’s Carlson points out. “Years ago, one of MACOM’s first
MMIC [monolithic microwave integrated circuit] solutions was a Ku-Band device for a
small UAV data link, and the objective was to make it small and lightweight.”
However, when comparing DoD requirements then and now, “Today’s requirements
are much the same, but amplified – RF components must be even smaller, more highly
integrated, and lighter than before,” Carlson explains. “At one end of the spectrum, a
drone’s small platform creates major space and power limitations, and without highly
efficient, integrated, compact and lightweight components, it can’t perform its mission.”
David Markman, Technical Director, Advanced Technology for Cobham Advanced
Electronic Solutions (Lansdale, Pennsylvania), says that in addition to the space limitations, “Today, most RF and microwave signals are digitally generated and detected.
This allows customers to reconfigure systems real-time. This trend is similar for commercial wireless, SATCOM [satellite communications], and military systems.”
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of some type of sensing, perhaps in the
form of radar or infrared sensor, and a
communications link to send information in virtual real time to a destination
or decision-maker.”
Ultimately, these challenges have “implications for the RF and microwave community – SWaP-C requirements are more
extreme than ever before. Our military
customers are looking for first, higher
performance and efficiencies; second,
smaller form factors; and third, cost
savings through economies of scale,”
Beals states.
Cost is always a major deciding factor in
designing these systems, as “adding a
sensing system to a drone should make
financial sense, and not cost 10 times the
cost of the platform,” Carlson notes. “So
highly efficient, integrated, cost-sensitive,
and compact RF components continue to
be the essentials for unmanned systems.”

›

Figure 1 | Mercury Systems’ miniature
ruggedized RF multichip module (MCM).
Photo courtesy of Mercury Systems.

“Trends in RF and microwave design
cannot be entirely separated from the
digital domain,” Beals states. “For spaceconstrained applications like unmanned
vehicles, we’re also seeing a convergence of RF and digital technologies.”
Mercury Systems built “preintegrated
RF and digital solutions around modular
open system architectures, including
OpenVPX and OpenRFM,” Beals says.
(Figure 1.)
Power is also a big issue in unmanned
systems designs. “On the other end of
the spectrum, the payload on bigger
platforms is greater, but still fairly challenged in terms of power,” Carlson
points out. “UAV missions usually consist
www.mil-embedded.com

SWaP environments lead to
customized solutions
Unmanned systems design would be
impossible without consideration of
designing to SWaP-constrained environments. “The need to optimize the performance of a system to achieve today’s
SWaP requirements is driving companies like MACOM to innovate utilizing
heterogeneous integration of multiple
technologies to achieve the optimal level
of integration, with the ideal level of efficiency, within the footprint required,”
Carlson says. “This could include, for
example, merging a combination of technologies such as diode switches, GaAs
LNAs [gallium arsenide low-noise amplifiers], GaN-on-Si PAs [gallium nitride-onsilicon power amplifiers], or even SOI
[silicon-on-insulator]-based control components, all in one package solution.”
The realities of designing for a SWaP
environment mean a customized solution. Instead of going the commercial
off-the-shelf (COTS) route, “Generally
in the military field, RF component
solutions tend to be highly customized
to specific end-system applications,”
Carlson adds. (Figure 2.)
Customized solutions mean the user’s
mission goals determine the design.
“SWaP and cost are major considerations
in most designs today. In many cases,

›

Figure 2 | The realities of designing
for reduced size, weight, power, and
cost: Customized RF components.
Photo courtesy of MACOM.

those parameters are fixed, leading the
customer to ask, ‘given these SWaP and
cost limitations, what performance can
we achieve?’” Markman says.
Unfortunately, this question means that
cost actually does take a hit and becomes
a design challenge. UASs needing such
customized solutions affect “not just our
design strategy but also our manufacturing processes,” Beals states. “For the
latter, our designers are working more
closely with our manufacturing groups
to ensure a seamless, cost-effective
transition to accelerate initial concept to
volume production.”
In fact, “The design constraints of unmanned systems push the boundaries of
innovation in the RF community,” Beals
explains. “Unmanned systems are driving
our design engineers to blend technology, advanced nonlinear modeling,
and manufacturability together to deliver
what we thought was impossible years
ago. As an example, we developed a GaN
solid-state power amplifier that achieves
three seemingly competing priorities
without compromise: high efficiency, high
reliability, and extended range.
“Over time, we’ve developed and refined
a unique set of technology building blocks
for these extremely SWaP-constrained
applications,” Beals adds. This will lead
to cost savings: “As an example, we
commercialized an advanced packaging
technique using multilayer circuit boards
with ball grid array technology to achieve
incredibly small form factors and high
packaging densities. This is an example
of an innovation originally developed
for a much larger platform facing SWaP
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the form of an array – driving content.
UAV communications are, in essence, a
radio with a single RF channel.”

constraints, but the fundamental building
blocks also offer tremendous SWaP
benefits to the designers of unmanned
systems.”

Radar and EW systems also increasingly incorporate RF and microwave
into unmanned systems to enable faster,
multifaceted missions. “Two applications
immediately come to mind – radar and
EW. Unmanned vehicles need to navigate
through congested environments in any
type of weather conditions,” Beals says.

The challenge will continue as mission
requirements evolve over time; “Based
on mission requirements, we optimize
the integration of our innovative RF and
digital building blocks to address performance and SWaP constraints simultaneously,” Beals says. “Our tight linkage
between design and manufacturing then
assures that the ‘C’ in SWaP-C is optimized for scale throughout the program
life cycle.”

Markman points out that “Communi
cations terminals produced in large
volume also drive RF content,” adding
that “Large active phased arrays have
large amounts of component content
which is directly proportional to the element count.”

ISR, EW also on the board
UAS payloads are pushing the use of RF
and microwave components in certain
applications. “One could argue that ISR
[intelligence, surveillance, and reconnaissance] payloads generally contain
the highest RF content compared to
UAV communications,” Carlson says.
“ISR systems often are implemented in

“These environments include both stationary objects and potentially other
unmanned systems in motion,” Beals
adds. “Collision avoidance and communication between unmanned vehicles is

now a requirement. For unmanned aerial
vehicles, there is also the additional consideration of improving the precision of
the landing approach. Embedding millimeter-wave technology into unmanned
systems makes the difference between
a successful and a failed mission in challenging environmental conditions and/
or congested environments.”
“While we generally do not associate
EW functionality with unmanned vehicles, it’s a game-changer for the future,
particularly when the asset being protected is of high monetary or strategic
value,” Beals says. “As just one example,
self-protection capability in the form of a
miniaturized digital RF memory module
improves the odds of mission success
when facing electronic attack. Any of
the EW capabilities present on a larger
platform represent the opportunity to
port a miniaturized version of the technology to unmanned systems. This is
entirely new RF content introduced into
the platform.”
MES
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Higher-density RF is on your radar with VITA 67.3 standard
By Michael Walmsley, TE Connectivity

and maintains excellent RF performance
under many rugged environments.

Multifunction radars handle functions
from surveillance to jamming to fire
control; these systems can track
multiple targets in both short- and
long-range threats. That means one
thing for your active electronically
scanned array (AESA) radar design –
a lot more signal-processing power.

As demands on RF systems have evolved,
so has VITA 67. Upgrades in missile
defense/control, surveillance, signal processing, and communication systems
require even more speed and more channels in less space.

As digital processing speeds increase,
data converters are implemented closer
to the antenna, driving size and weight
reductions. Open computing platforms
based on the VPX (ANSI/VITA 46) standard are supporting these trends in
increasing speed and density. Within this
architecture, the coaxial interconnect
standard for VPX, VITA 67, will leapfrog
RF density and bandwidth, making it an
excellent solution to shrink the packaging of radar interfaces.
Designers can significantly boost bandwidth because VITA 67.3 makes it
possible to create a much denser RF
interface. Moreover, OpenVPX supports
optical, signal, and power options within
a single slot. The result is a more robust,
high-speed RF solution that is making
VPX architecture very attractive for new
radar upgrades and electronic warfare
(EW) platform designs.
Inside higher density RF interfaces
Doing more in less space is the one of the
driving principles behind recent VITA 67
developments. The VITA 67.1 and 67.2
standards enable multicoaxial RF backplane connections using subminiature
SMPM series blind-mate connectors. The
VITA 67 RF module design positions the
SMPM contact interface within robust
stainless steel or aluminum modules that
hold four (VITA 67.1) contacts or eight
(VITA 67.2) contacts. (Figure 1.) On the
plug-in card side, the spring-mounted
contacts take up axial tolerances between
boards within the chassis architecture.
This assures that the RF contacts bottom
when the VPX plug-in module is installed
www.mil-embedded.com

Moving ahead with VITA 67.3 standard
Recently, VITA 67.3 was approved as an
ANSI standard. This standard reverses
the interface of the SMPM contacts, putting the float on the backplane contacts
and leaving the contacts at the plugin card stationary. Direct termination
(e.g., edge launch) to the plug-in carrier
board is now possible. This design frees
up space within the plug-in computing
module by eliminating cables; alternatively, cables can be optionally used, as
the standard does not define the termination, just the interface.
VITA 67.3 also enables the designer
to define the coaxial contact positions
within the machined module to suit the
application and offers taller connector
module profiles that support one-inch
slot pitches within a VPX chassis.
The advantages of VITA 67.3 to the
designer: the ability to free up space
within the plug-in module by eliminating cabling and additional options
to increase the contact count within a
module along the edge of the board.
Adding density to VITA 67.3
Solutions are now being introduced
that will use even smaller contacts to
increase contact density and support
higher frequencies. The VITA 67.3 standard framework makes it possible to
add new contact interfaces. Within a
half-size VITA 67.3D module, 12 NanoRF
contacts can support 70 GHz, compared
to current support for four RF VITA 67.1
contacts at 26.5 GHz.
The NanoRF design increases density
by leveraging the alignment features
of VITA 66 (optical modules). A floating

›

Figure 1 | VITA 67.2 application, with
cutaway view showing float-mounted
SMPM content.

insert on the backplane prealigns the RF
contact array before the contacts start
to engage, which is critical in blind-mate
plug-in architecture. Precise alignment is
especially important as contact sizes get
down to 0.010-inch pin diameters.
Progress on the standard continues:
VITA 66.5 is being drafted, with the aim
of achieving further density with hybrid
RF/optical modules by combining the RF
and optical links within the same connector
module. The floating insert can house
both an array of RF contacts and MT ferrules, adapting up to 10 NanoRF contacts
and an MT within a half-module space.
Just as impressive: The VPX roadmap
will support 25 Gb/sec data rates (from
today’s 10 Gb/sec) for digital channels
with TE’s new MULTIGIG RT 3 connector,
providing a significant increase in bandwidth. In addition, the density of optical
interconnect modules is increasing, both
in fiber count and data rates, enabling as
many as 48 optical fibers within a halfmodule. This evolution in connectivity
is an engaging solution for designers
looking to increase speed, density, and
robustness in the radar and EW platforms of the future. MES
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is Global Product
Manager at
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Choosing the
optimal software
solution for longlife unmanned
systems
By Jeremy VanDomelen and
Benjamin M. Brosgol

Defense platforms are expected to perform over a long operational life that can span several decades. Developing
high-reliability, safety-critical software that is built to last requires comprehensive tools from trusted industry partners.
Robust software-development solutions can help engineers design and develop new long-life unmanned systems and
can enable upgrade of systems on currently fielded unmanned platforms to extend their life cycle.
Defense and aerospace platforms have always been “built to last” but, in this day
and age, all manner of such vehicles – land, sea, air, and space – are expected to
perform over a long operational life that can span several decades. The Boeing B-52
Stratofortress military aircraft, for example, has been in service with the U.S. Air Force
for more than half a century since its first flight in 1952. Boeing stopped producing the
subsonic, jet-powered bomber in 1962, but upgrades performed in 2013 and 2015 are
expected to extend the B-52’s useful life through 2045 or 2050.

The MQ-1, a workhorse for the past
20 years, will retire from service with the
U.S. Air Force in 2018. The retirement
was originally scheduled for the 20152017 timeframe, but was postponed because its surveillance skills were needed
in the Middle East. (Figure 1.)

The time- and cost-intensive process of designing, developing, manufacturing, testing,
and certifying new platforms is often avoided for as long as possible. Attention is,
therefore, focused on ensuring systems – both in development and already deployed –
are capable of operating over an extended service life.

Software and hardware engineers have
updated the MQ-1 several times to
extend its useful life and add to its capabilities to keep pace with military mission needs and requirements. Strictly a
surveillance drone when first introduced
in 1995, the MQ-9 Reaper – also made
by General Atomics – has since evolved
into an armed airborne weapon via software and hardware upgrades.

Unmanned vehicles – including unmanned aircraft systems (UAS), unmanned ground
vehicles (UGVs), and unmanned underwater vehicles (UUVs) – are now being held to
the same longevity standard as their manned counterparts. NASA’s Voyager 1 and
2 unmanned spacecraft are still operating, exploring, and communicating daily a full
40 years after being launched into the harsh, radiation-rich space environment in
1977. Unmanned vehicles back on Earth suffer a different fate.
Unmanned expiration
Two early UAS platforms important to the U.S. military are now nearing two decades
of service – the RQ-5 Hunter from Israel Aerospace Industries (IAI) and Northrop
Grumman and the General Atomics MQ-1 Predator. The RQ-5, having entered service
in 1995, flew its final flight with the U.S. Army in 2015, but defense contractors are said
to be operating retired units overseas.
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Government and military leaders have
expressed the desire to get more out of
the MQ-1 platform, but they recognize it
is no longer feasible from a software and
hardware perspective. Upon retirement,
these UASs are expected to be stripped
of their usable components and then
www.mil-embedded.com
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Figure 1 | The MQ-1 Predator has been a workhorse UAS for the U.S. military for more than
20 years. Photo courtesy U.S. Air Force.

subsequent platforms – as is the case with the MQ-1 Predator. Choosing the optimal
software tools is therefore critical, but it need not be challenging, particularly if several
considerations are top of mind in the selection process.
populate an aircraft boneyard. Its software DNA will continue on in successor
unmanned vehicles, however, and the
lessons learned are helping to formulate
best practices for engineering flexible,
capable, long-life unmanned systems.
Software scrutiny
Software is an essential piece of the
long-life puzzle, as militaries endeavor
to extend both the capabilities and the
life span of unmanned platforms. The
software development environment, programming language, and verification/
test/analysis tools are all critical components to ensure that unmanned systems
keep pace with the changing threat environment, evolving certification and mission requirements, and user needs over
a long operational life.
Robust software solutions can help
engineers design and develop new
long-life unmanned systems, as well as
upgrade systems on currently fielded
or retrofitted unmanned platforms to
extend their life cycle. The service life
of software code far exceeds that of the
unmanned vehicles themselves. Long
after a military vehicle has been retired,
its software code can continue to lay
the foundation for and be put to use in
www.mil-embedded.com

Software development and verification tool considerations for long-life unmanned
systems include:
›› scalability to accommodate incremental software/hardware updates that can
handle additional capabilities, multimission payloads, changing certification
requirements, and new threats;
›› regular updates to remain relevant, keep pace with user needs and industry/
application demands, and improve efficiency and productivity;
›› a successful track record in the field on past high-assurance programs; and
›› comprehensive functionality including a complete software development suite
and integrated development environment (IDE) offering such elements as a
compiler, debugger, static analysis and testing tools, and support for modelbased development and formal methods.
Flexible development
Long-life unmanned systems must stay current and relevant. As mission requirements
change, their features and functionality must change as well. Military leaders – with
their focus on preparedness – must field flexible, multimission systems capable of
meeting current and future needs. The software development environment and
toolset should help ensure that unmanned systems can keep pace with continuously
evolving battlespace environments.
Modularity and scalability are key attributes in virtually all software and hardware
solutions today. End users, program managers, and engineers alike prize a system’s
ability to accommodate incremental updates to grow capabilities, change payloads,
fix issues, address security vulnerabilities, and integrate the latest technology innovations – all in the name of extending usability over a long life.
Unmanned system designs can save development time and money by reusing specific
functionalities, enabled by software code, from a predecessor vehicle. The software
development environment should help to preserve and protect this already substantial
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investment in the software while maintaining the flexibility and scalability that is
required for current and future growth. Language features can help here (for example,
an object-oriented approach in which new components can be added as extensions
of existing components without the need to modify or even recompile the old code).
Tools support is also useful, such as browsers and code-analysis tools.
New and old
Blending legacy systems with new ones new always presents a bit of a challenge, but
the right software development processes and tools can help.
One issue: The legacy code may have latent bugs or vulnerabilities that could be triggered when new functionality is added or the operational environment is changed.
For example, an application originally assumed to be standalone, designed years ago
when security was less of a concern, might now be remotely accessible and thus a
potential target by adversaries. A static analysis tool that detects potential issues is
a worthwhile investment; for example, a static analysis tool could flag constructs that
exhibit weaknesses from the Common Weakness Enumeration (CWE).
Real-world software is written in multiple languages: It could be in Ada for safetycritical components, C for low-level routines, and Java or C++ for user interfaces.
The software development environment should enable seamless interoperability of
components in multiple languages, with checks where possible and practical at component interfaces.
System upgrades often entail a change of target platform. The code should be written
to ease portability, and the language(s) in which the legacy software is written can
affect the ease or difficulty of this process. As one example, Ada includes standard
support for concurrency (tasking), so user code can be written portably instead of
accessing an operating system’s thread services directly.
Interactions between new and existing components can have implications for safety
and viability, but the software development environment can help detect and avoid
such unwelcome side effects and incompatibility issues. Effective verification, testing,
and static analysis tools can streamline upgrades by helping to discover and eliminate inaccurate properties, validate and retain desired properties, determine obsolete
properties intentionally invalidated by the upgrade, and verify updated properties.
The tools and processes should scale well and integrate new components as software
and systems grow in both size and complexity over time.
Dealing with obsolescence
Software obsolescence can have several causes, including hardware incompatibility
or a vendor that stops supporting or advancing its product. To help combat obsolescence issues and better future-proof unmanned systems, development teams should
invest in software tools backed by a longtime industry partner with a global community of users, all dedicated to the continued use and enhancement of the software
language, development framework, and toolset. If a vendor does not support recent
versions of the language(s) used on the project, then that could be a warning sign that
their long-term commitment is questionable.
To facilitate future-proof software development, the programming language(s) used
should have a long and proven track record of successful usage while also showing
steady and controlled evolution – i.e., stability/compatibility but not stagnation.
Moreover, the compiler should likewise have a strong history of successful usage and
receive periodic upgrades in functionality and code quality.
In the event that a specific embedded electronics component, such as the processor, is
upgraded, becomes outdated, or is no longer supported, expensive ports or rewrites can
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be avoided with the help of open, portable, interoperable software solutions. To
facilitate change, the software development framework, including the programming language, should be portable across
a range of hardware options, including
cutting-edge and specialized embedded
processors. An open, modular, scalable,
and comprehensive development platform aids, rather than impedes, hardware/
software integration and interoperability.
Long legacy
Past experience is often the greatest
predictor of future behavior, so it is advantageous to select software solutions
that have performed well and reliably
over the long haul.
Designers working on UAS projects
should invest in languages and tools
specifically designed for and used in
safety- and mission-critical applications
that demand high integrity and assurance. It is useful to seek out software
development and verification tools
successfully adopted by industry leaders
on high-profile, complex, and perhaps
even similar projects within defense,
aerospace, and other markets that put a
premium on safety and reliability.
A software development framework
is only as strong as the provider that
stands behind it, so look for a trusted
industry partner with a long legacy of
producing, supporting, and enhancing
robust, capable, full-featured tools.
Software development and verification
tools, as well as programming languages
that are continuously enhanced and supported are generally more future-proof.
Whole package
The quality and effectiveness of the
software development environment
and toolset can have a profound effect
on the resulting software and, in turn,
influence the unmanned system as a
whole. A holistic approach to unmanned
vehicle development demands a powerful, intuitive integrated development
environment (IDE) that supports the full
development workflow, from design and
coding to system integration, testing,
debugging, and code analysis.
www.mil-embedded.com

Software issues can cause significant
delays in production schedules, resulting
in extensive and unwanted downtime in
deployed environments. It is imperative – to the program schedule as well
as the software quality – to find errors
early in the development cycle when
they are least expensive to correct. For
the most critical components, the assurance achieved by formal methods –
mathematics-
based confidence that
par-ticular program properties (such as
absence of runtime errors) have been
met – can be well worth the investment.

Jeremy VanDomelen is an engineer turned consultant and
writer with a degree in information systems. He holds many
certifications in varying facets of computer software, hardware,
and network design and implementation and has 20 years of
experience designing, developing, and supporting advanced
safety- and mission-critical systems and software.
Benjamin M. Brosgol is a member of the senior technical staff
at AdaCore. He has been involved with programming language
design and implementation throughout his career, concentrating
on languages and technologies for high-integrity real-time systems.
Dr. Brosgol holds Master of Science and Ph.D. degrees in applied
mathematics. Readers may reach him at ben.brosgol@adacore.com.
Adacore • www.adacore.com

Language and tool technology is available that can help unmanned system
developers address these challenges.
One example is the Ada language and
its associated tool support. Ada provides extensive checks that help detect
bugs even before the program is run,
concurrency features that map efficiently to modern real-time operating
systems (RTOS) and target hardware, full
object-oriented programming functionality, and multilanguage interoperability.
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Ada has evolved since its inception to
reflect user experience and requirements and technological trends. The
current version of the standard – Ada
2012 – includes support for contractbased programming (pre- and post-
conditions), which facilitates verification
and in effect embeds requirements in the
source code where they can be checked
either statically or dynamically. Ada
is currently fielded on a wide range of
modern defense platforms and devices,
including military embedded systems on
land, at sea, and in air and space.
Supporting the Ada language are a
variety of tools and development environments that have been used to produce software at the highest levels
of safety criticality (Design Assurance
Level A in DO-178B/C). Two such tools
are offered by AdaCore: the GNAT Pro
development environment, which has
an edition that is especially amenable to
long-lived systems that need to continue
with a specific maintained branch of the
technology; and the CodePeer static
analysis tool that can find vulnerabilities
in new or existing code (including the
detection of a variety of weaknesses in
the CWE). MES
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Certification
initiatives ongoing
for unmanned
aircraft systems
By Joe Wlad
Unmanned aircraft systems (UASs)
operating in the National Airspace
System (NAS) continue to proliferate.
In response, the Federal Aviation
Administration (FAA) is issuing
regulatory changes that will affect
policy regarding safety certification
of unmanned aircraft – military and
commercial – that travel in the NAS.
These policy changes are ongoing and
software and hardware designers need
to stay abreast of the changes.

According to Federal Aviation Administration (FAA) estimates, by 2020 registrations of model-based sUAVs (classified
as small UAVs) will be more than 2 million,
while nonmodel sUAVs will number
almost 500,000. The current FAA regulations under FAR 107 for small UAVs
(under 55 pounds) do not require any
special preauthorization if operating in
daytime and under 400 feet in uncontrolled airspace. Recent FAA data also
show an increasing desire to operate
outside the limits imposed by FAR
Part 107. In 2017, the FAA approved
more than 1,600 waivers that affected
one or more Part 107 criteria (such as
daytime or line-of-sight operations) and
almost 13,000 waivers for operations in
controlled airspace.
While the waiver process can be onerous,
it’s becoming clear that continued use
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of waivers will dampen innovation and
growth. The challenge that lies ahead:
How can the regulatory requirements
and desire for innovation coexist with
safe UAS traffic growth?
[Editor’s note: The term UAV refers
to the actual aircraft while the term
UAS refers to the aircraft, its payload,
its ground station – essentially
anything tied to the platform.]
UAV regulatory changes
In 2012, the FAA was given a congressional
mandate to streamline the aircraft certification process (https://www.faa.gov/
news/updates/?newsId=73201). The FAA
has already rewritten regulations under
FAR Part 23 (for aircraft less than 12,000
pounds), which enabled aircraft and equipment makers to be more efficient. The
agency also reached agreements with
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foreign regulators on improving the efficiency of reciprocal approvals. In addition,
the FAA reorganized itself last year from
geographical domains into functional
domains. These changes have resulted
in a more efficient approval process
and allowed for more innovation while
retaining or improving a focus on safety.
Now the FAA is taking the bolder step
of streamlining the process of software
and complex hardware certification (a
current work in progress). This latest initiative involves getting away from the
prescriptive guidance in RTCA/DO-178
and DO-254 and instead using more
general guidance called Overarching
Properties (OP). The Overarching Properties initiative, according to the FAA,
seeks to provide flexibility and efficiency
in the certification process across multiple levels of aircraft system design and
www.mil-embedded.com

integrating UAS into the NAS. The FAA’s key objectives: To facilitate integration
of UAS into the NAS (called UAS Traffic Management) and ensure safety, security,
and privacy.
The symposium focus showed that the FAA is moving away from its prescriptive standards to a method of performance-based compliance for UASs; the new approach
focuses on air vehicles, pilots, and airspace. The most pressing issue is airspace. Today,
private and commercial air traffic is managed mostly by humans, with the help of
computers and radar. Given the expected growth in the number of UAVs, however, it
would be impractical to manage these aircraft with humans in the loop. Instead, UAS
Traffic Management (UTM) will enable automated identification, routing approval, log
books, conflict resolution, and more for all UAVs. The FAA emphasis appears to be on
getting the airspace integration addressed first, with the goal of passing regulations
within the next two years.
UAS design characteristics
Virtually every UAS developer today is enabled by agile development, low barriers to
entry, new methods of design, and short time to market, but they have limited experience in designing safety-critical systems. In contrast, most conventional military and
commercial equipment designers are driven by a methodical (e.g, DO-178-driven)
development process, high barriers to entry, conventional tooling, long lead times,
and a wealth of experience in complying with regulations. Attempting to “retrofit”
the prescriptive methods of DO-178 or DO-254 on UASs would be impractical due
to a number of economic and technical factors including time, cost, code size, use
of model-based design, code generation, and use of open source software, among
other factors.

disciplines. The FAA’s rationale is that
certification policy has consistently
lagged behind technology and innovation. By providing a more general framework for software and complex hardware
approval, designers are free to choose
how they will show compliance. Nowhere
will this be more important than in the
design and approval of unmanned aircraft systems.
The FAA held an Unmanned Aircraft
Systems symposium in March 2018,
which drew more than 900 attendees.
“The message of this whole conference
is: The FAA is open for business,” said
Derek Kan, undersecretary for policy at
the U.S. Department of Transportation.
The symposium was composed of a
cross-section of government, industry,
and innovators discussing regulations
and research with the goal of safely
www.mil-embedded.com

UAS designers are more apt to test and verify their systems using simulation platforms
as well as flight testing. Conventional requirements-based or unit-based tests may not
be done, especially in the prototype phases. Today, most of these vehicles operate
either outside the controlled NAS or with a waiver. However, once these vehicles wish
to fly at night, over populated areas, or beyond visual line of sight, additional verification methods will be required. (Figure 1.) The FAA recognizes that creation of technology-independent assurance techniques may be the best way to enable certification
of UAS equipment in the NAS. If one considers that autonomous vehicles (both air and
land) will soon become learning systems, new techniques and methods not addressed
in DO-178 or ISO 26262 will before long be required to verify such capabilities.

›

Figure 1 | Unmanned aircraft systems that wish to fly at night, over populated areas, or
beyond visual line of sight require additional testing and verification. (Stock photo.)
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UNMANNED SYSTEMS: THE REGULATORY ENVIRONMENT

Other acceptable means of software
compliance
The software running inside most of the
UASs produced to date have no formal
certification pedigree. In the parlance
of DO-178, it’s all “Level E” software,
meaning that any failure conditions will
have no effect on safety. Of course,
there are use cases of UASs, provided
appropriate measures are taken, where
software failures will have no effect on
safety. However, if the use cases are
expanded to include heavier vehicles,
flights over populated areas, or beyondline-of-sight operations, all of the software can no longer be considered
Level E. A safety analysis may determine
that some of the software running on
the UAS compute platform may require
certification to Design Assurance Level
(DAL) B or A depending on the outcome
of given failure conditions.

In these three properties, one can see the FAA’s risk-based approach to certification
as well as no mention of specifics of DO-178 or DO-254. Each property has defined
evaluation criteria so auditors have a way to approve designs and these criteria are
structured in a similar way for each property. Each has a planning activity, coverage
criteria, resulting evidence, and overall process assurance. One can view the properties
and evaluation criteria as an abstraction of DO-178 and DO-254 requirements without
any prescriptive description of objectives, inputs, outputs, or resulting documentation.
Each vendor decides how their processes, tools, and technology can satisfy the properties and evaluation criteria.

Since UAS designers may use agile
methods of development, employ
model-based design to generate control software, or use novel tools or
technologies, application of DO-178
reverse-engineering methods may prove
impractical. Moreover, UAS designers
rely more on open source software (e.g.,
Linux) and have large code bases. In such
cases, the FAA’s risk-based approach to
certification compliance can help.

For the Correctness property, the currently defined evaluation criteria are:

Overarching Properties initiative
The Overarching Properties initiative
touted by the FAA is still under construction and formal policy for this approach
may not occur until 2020 or later depending on the outcome of pilot projects
and input from foreign regulators. The
approach is that all safety-critical systems
possess three inherent properties:
›› INTENT: The defined intended
behavior is correct and complete
with respect to the desired behavior
›› CORRECTNESS: The implementation
is correct with respect to its
defined intended behavior, under
foreseeable operating conditions
›› ACCEPTABILITY: Any part of
the implementation that is not
required by the defined intended
behavior has no unacceptable
safety impact
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For the Intent property, the currently defined evaluation criteria are:
›› Planning activities
1. Define the Desired Intended Behavior (DIB)
2. Identify input space, observable behavior, failure conditions
›› Coverage of the DIB under applicable input and failure conditions
›› Evidence – Data required by planned activities
›› Process assurance – Independent assessment, data under configuration
management (CM) control, evidence of assessment retained
›› Interaction with safety assessment process – Assign DALs, confirm DIB is
consistent with safety assessment process assumptions, and address failure
conditions

›› Planning activities
1. Evaluate possible error sources, address error prevention/detection
2. Describe how each (development) tier is shown to be correct against a higher
tier or the DIB
3. Describe how the implementation is shown to be correct against each higher
tier or the DIB
›› Coverage – Of the DIB and its implementation under applicable input and failure
conditions
›› Evidence – Data required by planned activities
›› Process assurance – Independent assessment, data under CM control, evidence
of assessment retained
›› Interaction with safety assessment process – Assign DALs, confirm DIB is
consistent with safety assessment process assumptions, and address failure
conditions
›› Verification environment
›› Differences and justification for verification environments used other than the
final environment
›› Suitability for the aspect (i.e., timing, stack usage, etc.) being verified is justified
›› Manufacturing, repair, operations, and continued airworthiness
›› Ensure design data allows the implementation to be consistently replicated
›› Ensure design data allows the production of appropriate Instructions for
Continued Airworthiness (ICA)
›› Identify support instructions or limitations affecting operations or installation
For the Acceptability property, the currently defined evaluation criteria are:
›› Planning activities
1. Define the means to identify additions in the implementation
2. How confidence is obtained for the additions in the implementation including
interaction with the safety assessment process
›› Coverage
1. Identification of all additions in the implementation (whether used or not used)
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2. Impact of the additions
in the implementation (No
unacceptable impact on safety)
3. Mitigation means used to
constrain the implementation
and evidence they are effective
›› Evidence – Data required by
planned activities
›› Process assurance – independent
assessment, data under
configuration management control,
evidence of assessment retained
›› Interaction with safety assessment
process
1. Ensure that any functionality
in the implementation not
required to satisfy the DIB has
no unacceptable safety impact
2. Ensure that any remaining issues
or defects have no unacceptable
safety impact
A way forward
It’s clear that the approach with OP is to
avoid the prescriptive verification objectives and techniques used in DO-178 or
DO-254. There is no mention of topics
such as tool qualification, “code coverage,” or guidance on the removal of
dead or deactivated code. However, the
concept of requirements and decomposition come through in the evaluation
criteria, so verification will focus on the
intended behavior and achieving the
required level of safety. The intent isn’t
to make it radically different from the
conventional ways of verifying software,
but rather to allow for more flexibility in
how it’s verified.
DO-178 was updated in 2011, while
DO-254 was published in 2000; given
how rapidly software technology has
evolved over the last decade, these
standards will soon fall out of favor with
developers, especially if they have to
apply a new technique or technology.
Admittedly, one can always use an alternative means of compliance with the
FAA and other regulators, but having
another acceptable means of compliance will make it more inviting.
With OPs, technologies such as learning
systems would have a framework for
approval, whereas DO-178 might not
allow for that. Once the OPs are fully
approved and published (and made
into an acceptable means of compliance) UAS designers can combine this
www.mil-embedded.com

approach with conventional systems safety assessments (e.g., ARP 4761) or newer
methodologies such as STPA (http://sunnyday.mit.edu/STPA-Primer-v0.pdf) to show
compliance with federal regulations.
MES
Joe Wlad has over 30 years’ experience in aircraft, systems,
and software certification and is an experienced FAA Designated
Engineering Representative. Since 1999, he has been involved in
development, test, and certification of many commercial operating
systems. He has coauthored patents on GPS integrity algorithms
and led the certification of the first military GPS receiver to FAA
standards. At Verocel, Joe is responsible for the strategic direction
of both products and services across all markets served by the company. He holds
a B.S. in Aerospace Engineering from the University of Buffalo and an MBA from
Santa Clara University. Readers may reach the author at jwlad@verocel.com.
Verocel • www.verocel.com
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Editor’s Choice Products

RF signal source for infotainment, navigation
Averna’s software-defined AST-1000 Signal Tester is aimed at validating all common
infotainment protocols and can evolve as users’ test needs change, including handling
navigation, video, and connectivity testing. The AST-1000 can generate all common
radio signals (AM/FM, DAB, DRM, HD Radio, and Sirius/XM), handles digital video
signals (ATSC, CMMB, DVB-T2, and ISDB), and can simulate all common GNSS signals
(BeiDou, Galileo, GLONASS, GPS, and QZSS). The AST-1000 uses a framework from
National Instruments, which enables users to add a PXI-based waveform generator to
generate any number of wireless waveforms using NI LabVIEW toolkits such as WiFi,
Bluetooth, LTE, and WCDMA for module-level validation.
The AST-1000 is an extensible platform that can accommodate changing standards, new protocols, non-RF (for example,
CAN), and additional applications for wide-ranging product test and validation needs. The signal tester uses a multiconstellation
and multifrequency GNSS simulator powered by M3 Systems and features an interface for quick signal generation and easy
test setup. It is rackmountable and can handle lab validation along with functional and end-of-life testing. Its standardized APIs
enable the user to upgrade from older Averna RF signal-source products.
Averna | www.averna.com | www.mil-embedded.com/p374562

Flash-based disk compliant with MIL-STD-810-F/G
The Innodisk 2.5-inch SATA SSD 3MR2-P is a SATA III 6.0 Gb/sec flash-based disk family designed
for high-availability end uses. The disks are equipped with such data-security functions as including
quick erase/security erase/destroy and write protect. All the security functions can be triggered by
either hardware and software approaches. The disks – compliant with MIL-STD-810F/G standards –
are ruggedized and can therefore be used in harsh environments.
The family of disks have a maximum power consumption of 5.78 W (5V by 1155 mA), have a
vibration ceiling of 20 G at 7 ~2000Hz, and can handle shock levels of 1500 G at 0.5 ms. The disks, say
the company, have a tested mean time before failure (MTBF) of >3 million hours and can be stored
at temperatures between -55 °C and +95 °C. Operation temperatures can range between 0 °C and
+70 °C for the standard-grade disks, while the industrial-grade disks can operate at temperatures between 40 °C and +85 °C.
The Innodisk 3MR2-P is available in sizes from 8 GB to 256 GB.
Innodisk | www.innodisk.com | www.mil-embedded.com/p374121

3-D LIDAR camera can generate as many as 20 frames per second
The TigerCub 3D Flash LIDAR camera from Advanced Scientific Concepts is a lightweight
(less than three pounds), small-form-factor (11 by 10 by 12 cm) integrated 3-D camera that can
be used to provide autonomous (e.g. rendezvous, proximity, landing, etc.) operations or assist
man-in-the loop imaging. The camera is capable of capturing a full array of independently
triggered pixels per each frame, generating 16,300 3-D individual range and intensity points at
as many as 20 frames per second as 3-D pointcloud images or video streams per laser pulse
(frame) in real time.
The TigerCub with Zephyr laser configuration uses a sensor engine that is a 128 by 128 focal plane array, generates a 1.57 um
laser wavelength (1064 or 532 nm versions are also available), and can operate at up to 20 Hz (with 30 Hz possible upon request).
A bayonet mount enables the user to mount lenses (60°, 45°, 30°, 15°, 8.6°, and 3° field of view currently available). When using
the camera with the laser, users are given a fast-change diffuser port, dual cooling fans, an anodized-metal laser unit, and a
common plate to tightly integrate the laser with the camera. The setup uses a 24 VDC power supply and operates at 15 W and
supports Ethernet and CameraLink interfaces.
Advanced Scientific Concepts | www.advancedscientificconcepts.com | www.mil-embedded.com/p374600
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Bus converter module enables bidirectional operation
The Ultra High Voltage (UHV) bus converter module (BCM) from Vicor is a high efficiency
K=1/16 fixed ratio converter operating from either a 400 to 700 V or 500 to 800 V primary
input to produce an unregulated safety extra-low voltage (SELV) DC output voltage. Using
the same Sine Amplitude Converter (SAC) technology as the company’s existing low-voltage
and high-voltage BCMs and nonisolated bus converter, the Ultra High Voltage BCMs operate
in the high hundreds of volts, thereby enabling designers to make systems less expensive,
more efficient, and much smaller. The UHV BCM can be used in parallel; for example,
designers can parallel two, four, or eight UHV BCMs to meet the requirements of multi-kW loads.
The UHV BCMs can operate bidirectionally; a pair of back-to-back modules will step up the voltage by a factor of 16, transmit
the power along the cable, then step the voltage back down by the same factor of 16. The UHV BCMs provide isolation – which
is important for some uses, including unmanned autonomous vehicle applications – without, says the company, the usual power
loss across the cable using the higher distribution voltage (power loss increases with the square of current). This means that
the tether cables can be made smaller and lighter while reducing the usual voltage drop across the tether.
Vicor | www.vicor.com | www.mil-embedded.com/p348796

Software manages test-lab workflow, data, results
TestTracker Data Management Software from Wineman Technology Inc. is
a test-lab management tool for managers, product engineers, and test engineers.
The software helps users to manage and prioritize incoming requests, assign tests,
delegate those tests to the appropriate testers, collect streamlined data, and send
results to the necessary stakeholders – all from a central location. Its configuration
management ability for both test sequences and test data enables traceability and
automation of testing routines and results.
With TestTracker, lab managers can work at a dashboard on which they can see all tests in the lab and assess efficiencies
or uptime. The dashboard enables product groupings by defining which tests can be run, enables monitoring of which units
are at each test station, and facilitates importation of test files and control over which configurations are run. With a similar
dashboard, product engineers can obtain test request status reports, data reports, unit status summaries, and network access
to all raw data files and results while tracking a particular test and results. The system posts the data collected to a central
server, from which users can then access all data and search for previous tests or results.
Wineman Technology Inc. | www.winemantech.com | www.mil-embedded.com/p374601

Rugged Gigabit Ethernet switch for use in harsh environments
The M-Max SW21X/PS rugged Gigabit Ethernet switch from MicroMax is a ruggedized
Gigabit Ethernet Layer 2+ managed switch rated for use in harsh environments including
air, ground, or marine operation. The company says that a version rated for extended salty
fog protection is also available upon request. The switch accepts a wide power supply
voltage input and is tested and guaranteed over temperature range of -40 °C to +75 °C.
In addition, its enclosure is designed according to the VITA 75 footprint, the standard
for rugged small-form-factor enclosures for harsh environments. The part can handle
maximum peak shock acceleration up to 40 g (11 ms) and complies with MIL-STD-810G
(Method 516.6, Procedure V – the protocol for shock testing).
The M-Max SW21X/PS has up to sixteen 10/100/1000 Mb/sec copper twisted pair ports. Its control and management
support is done through a web interface, while the host processor is accessed through a Command Line Interface (CLI). The
embedded power supply complies with MIL-STD-1275D (for military vehicles) and MIL-STD-704F (for aircraft) specifications.
The switch features IPv4 and IPv6 multicast group support and can handle eight priorities and eight QoS queues per port
with scheduling.
MicroMax | www.micromax.com | www.mil-embedded.com/p374355
www.mil-embedded.com
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Using the updated VITA 65 standard to
build faster high-performance systems
By Ken Grob, Elma Electronic
Over the past five years, 3U OpenVPX has been the architecture of choice to implement rugged military electronic systems.
Application areas include command, control, communications,
computers, intelligence, surveillance, and reconnaissance
(C4ISR); electronic warfare (EW); radar; and network communications. Current technology roadmaps show that signaling
rates for PCIe and Ethernet are rapidly increasing; the aforementioned are sure to use all of the available incremental
bandwidth.

BLOG
in the design of VITA 65.0 backplanes. This allows new connector apertures to adapt to evolving connector placements,
which can be used to implement radio-frequency (RF) payloads,
timing cards, and RF switches. The architecture also includes
the use of expansion plane connections from standard SBCs
via PCIe.

With options to allow for the latest
Rates supported by new single-board computers (SBCs) and
Ethernet switches now require backplanes to operate at
8 gigatransfers per second (Gt/sec) for PCIe Gen 3 and up to
10 Gbaud for 10GBASE-KR Ethernet. In the case of Ethernet,
the rates have increased from 3.125 Gb to 10.3125 Gb per
lane. To address this significant speed increase, new backplane
designs are required.
VPX adapts to a changing industry
Technology trends are also driving changes to the OpenVPX
standards. New signaling rates of 8 Gb/sec for PCIe Gen3,
and 10 and 40 Gb/sec for Ethernet are addressed in the third
major release of OpenVPX, which is now comprised of two
documents: VITA 65.0 and VITA 65.1. The primary specification information is contained in VITA 65.0, with additional slot
and module definitions moved to VITA 65.1. In addition to the
updates for PCIe and Ethernet protocols, other necessary features included in the specification’s update include:
›› Backplanes supporting high-speed control and
data planes
›› Radial clock lines to provide a means for more accurate
skew-adjusted clock
›› A defined timing board profile – SLT3x-TIM4S16S1U2U1H-14.9.1-n – to allow a central source of
radial clock
›› Ref clock increased from 10 MHz to 100 MHz
›› New I/O connectors are addressed with VITA 67.3,
allowing for new connector apertures supporting both
RF and fiber optic I/O using MT ferrules
›› High-power VITA 62 power supply slots
Standards that drive the use of the new VPX features include
the U.S. Army’s CMOSS [C4ISR/EW Modular Open Suite of
Standards]. In order to test many of these new features, a
backplane profile (BKP3-TIM12-15.3.6-n) has been created that
addresses this CMOSS architecture.
Actual program needs will address specific backplane topologies, which may have a reduced slot count. New connectors,
which address the VITA 67.3 standard, can now be implemented
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RF and fiber-optic interconnects, this recent major
release of VITA 65.0 (VITA 65.x-2017) allows rear
I/O transition of analog and fiber-optic high-density
signals to be passed through the backplane.

The new I/O scheme allows mixed I/O including RF and optics.
VITA 67.3 addresses similar I/O configurations supported by
VITA 67.1, VITA 67.2, and VITA 66.4. In addition to the I/O, slot
profiles now describe the interface to new high-speed Ethernet
switches supporting Gigabit – and 10 Gigabit – Ethernet rates.
VPX suppliers will build boards that conform to the new
OpenVPX profiles. Vendors such as Elma Electronic and others
will address deployment backplanes built for high-speed data
transmission and newly introduced profiles. In fact, a 12-slot
backplane has recently been designed, built, and tested to
support a variety of slot profiles for payload (SBCs), peripheral
(high speed network switches), and storage. With options to
allow for the latest RF and fiber-optic interconnects, this recent
major release of VITA 65.0 (VITA 65.x-2017) allows rear I/O
transition of analog and fiber-optic high-density signals to be
passed through the backplane.
Interoperable high-speed system architectures
The third release of the OpenVPX standard will allow system
designers to build the latest high-speed systems using the next
generation of SBCs, switches, and backplanes. The updated
standard supports the transition to embedded 10 Gbit Ethernet
and supports new radial clock techniques necessary for highperformance analog and digital systems; OpenVPX provides
the module and slot profile definitions to support open systems
development as well as a means to develop standard, interoperable, off-the-shelf payload modules.
Ken Grob is director of embedded computing development
for Elma Electronic.
www.mil-embedded.com
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New Insights in ISR Video

zmicro

By Jason Wade, President – ZMicro, Inc.
Last year at SOFIC our company had
the opportunity to meet with operators
who use video when making real-time
decisions and I gained a deeper understanding of the how video is used. During
our discussions, I had the rather embarrassing realization that we had been
thinking about ISR video all wrong. We
were at the show demonstrating our realtime video enhancement products with
the focus on improving degraded visual
environments, but the majority of video
exploited in theater is good quality
and even improved by inherent sensor
algorithms. The question and challenge
posed to us was could ZMicro do a better
job at enhancing any ISR video?
I knew we could. We have been applying
our video enhancement technology to
degraded imagery – scenarios with smoke,
fog, rain, glare, and worse – with excellent results. But the revelation was that
if we could take good quality video and
make it much better we would unlock
benefits in 90% of ISR video rather than
just the 10% or so of degraded video we
had been focusing on.
We obtained good quality ISR video
from both operators and industry representatives and ran it through our
Insight video enhancement system and
everybody was amazed with the results.
The fact of the matter is that when you
are looking at good video, it’s hard to
image how much detail you are missing.
But when you look at good video sideby-side with enhanced video it can be
very striking.
For example, in a scene where there are
a lot of shadows on a wall, the shadows
act as camouflage and it is difficult to see
details. Once we enhanced the video, it
was easy to see individual bricks and
other details along the wall. In another
example, color can provide important
visual cues and be used for positive ID. In
this case, there was a person of interest
wearing a red shirt and this person did
not visually stand out when surrounded
by other people. Once we enhanced the

SEE
WHAT
YOU’RE
MISSING
INSIGHT SYSTEM

zmicro.com/insight
scene, the color became vivid and it was easy to not only identify the man in the bright
red shirt but also to follow his movements in the scene.
We had been focused on unlocking details in distressed video, but there is so much
more data to be unlocked in relatively good video. What we hear over and over from
operators is that with the requirements for positive identification, they need better
video quality, so they can respond faster to real-time situations.
Since last year’s show, we’ve been working with customers in various airborne ISR programs to help them maximize the value of their full-motion video. This is such an easy
and relatively inexpensive thing to do and can be seamlessly integrated into existing
video exploitation applications.
For example, in one case a customer is using our API to integrate video enhancement
directly into the ISR exploitation software, which combines video feeds from multiple
sources, moving maps and intuitive tools to allow operators to maintain mission focus
while displaying information where it is needed most. From a hardware standpoint,
ZMicro’s Insight video enhancement system is a plug and play appliance that can
reside anywhere in the video stream. It receives input from the camera sensor, applies
the requested enhancement, and outputs the video stream to a decoder card in the
mission computer.
So the question is, are you getting the most value out of your sensor data? The reality
is that camera sensors collect far more information than humans can perceive. At
ZMicro, we’ve invested in decades of research to learn how to bring out subtle details
that improve video quality and let you see what you’ve been missing. Contact us for
a demo and see for yourself.
ZMicro | www.zmicro.com
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Troops First Foundation
Each issue in this section, the editorial staff of Military Embedded Systems will highlight a different charity that benefits military
veterans and their families. We are honored to cover the technology that protects those who protect us every day. To back that
up, our parent company – OpenSystems Media – will make a donation to every charity we showcase on this page.
This issue we are highlighting Feherty’s Troops First Foundation, an 501(c)(3) nonprofit organization that was created to develop,
operate, and support wellness, quality-of-life, and event-based initiatives for post-9/11 combat-injured warriors. Cofounder and
executive director Rick Kell – together with his friend, former pro golfer and broadcaster David Feherty – founded the Troops
First Foundation in 2008 as a way to provide Iraq and Afghanistan warfighters all over the U.S. with targeted, specific programs
that were not being offered anywhere else.
The Troops First Foundation offers a number of programs for these combat-injured Iraq and Afghanistan veterans, including providing housing assistance for the vets and their families; “Operation Warrior Call,” which connects returning service members with
returned warriors back home and community members to give them a critical support network as the nation combats the veteran
suicide crisis; and “24-7 Battle Buddies,” a service-dog program that matches canines to wounded post-9/11 veterans. Each 24-7
Battle Buddy is specifically trained to aid the warriors with their everyday needs and help them successfully navigate daily life.
The foundation also sponsors “Operation Proper Exit,” which enables wounded warfighters who are thriving in recovery and
are capable of returning to theater the opportunity to meet with currently deployed troops, in many cases to the site where the
returned warfighter was injured. These trips, say foundation officials, often bring the veteran a measure of closure and offer the
current troops a unique perspective.
For more information on the Troops First Foundation, please visit www.troopsfirstfoundation.org.

E-CAST

WHITE PAPER

Avionics safety certification challenges
with UAVs
Sponsored by dSPACE and LDRA
Unmanned aerial vehicles (UAVs) – call them unmanned
aircraft, drones, remotely-piloted aircraft, or whatever
you wish – are increasing in number. Moreover, UAV
operators are often staying ahead of the regulatory
bodies tasked with setting their safety standards.
Compliance with FAA safety certification standards
such as DO-178 B and C for software and DO-254 for
hardware is required, even for military aircraft.
In this e-cast, industry experts will discuss the challenges encountered around certifying these platforms
for flight in civilian airspace and will cover some possible solutions for solving these challenges.
View archived e-cast: ecast.opensystemsmedia/789
View more e-casts:
http://opensystemsmedia.com/events/e-cast/
schedule

Using Java in safety-critical applications
By Verocel
As ISO 26262-6:2011 (an ISO standard covering
safety-critical electronics for vehicles) is not specific on
activities regarding object-oriented (OO) languages,
guidance is needed for real-time applications in
avionics, which have similar certification requirements. The avionics
standard RTCA/DO-178C has an entire supplement on object-oriented
technology and related techniques – called RTCA/DO-332 – that can
be used to supplement the lack of detail regarding object-oriented
technology in ISO 26262.
In this white paper, discover a road map of necessary activities for using
the aicas JamaicaVM implementation of real-time Java in a safety-critical
environment. In addition, the white paper looks at the pros and cons of
using Java, in particular real-time Java, in safety-critical applications. The
focus is on hard real-time applications subject to certification based on
ISO 26262.
Read the white paper: http://www.embedded-computing.com/
military-white-papers/using-java-in-safety-critical-applications-iso26262-certification-for-real-time-java-code
Read more white papers: http://mil-embedded.com/white-papers/
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ACQUIRE DATA,
PROCESS DATA,
DELIVER INTELLIGENCE.
No single technology can deliver the end-to-end capability - from front end
processing and algorithm acceleration to back-end decision and control - required
when it comes to deploying EW and radar systems on UAVs.
That’s why, at Abaco, we leverage the best of the best technologies from
the leading vendors. Processors from Intel. GPUs from NVIDIA. RFSoC and
FPGAs from Xilinx.

abaco.com

@AbacoSys

The result? The optimum balance between maximum performance and minimal
SWaP. And an end-to-end solution from a single vendor.
At Abaco, we’re with you all the way. abaco.com/uav

WE INNOVATE. WE DELIVER.
YOU SUCCEED.
©2018 Abaco Systems.
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2X HIGHER performance

4X FASTER development

Introducing Jade™ architecture and
Navigator™ Design Suite, the next
evolutionary standards in digital
signal processing.

Kintex Ultrascale FPGA

Pentek’s new Jade architecture, based on the latest generation
Xilinx® Kintex® Ultrascale™ FPGA, doubles the performance
levels of previous products. Plus, Pentek’s next generation
Navigator FPGA Design Kit and BSP tool suite unleashes these
resources to speed IP development and optimize applications.
•

•

Streamlined Jade architecture boosts performance,
reduces power and lowers cost
Superior analog and digital I/O handle multi-channel
wideband signals with highest dynamic range

•

Built-in IP functions for DDCs, DUCs, triggering,
synchronization, DMA engines and more

•

Board resources include PCIe Gen3 x8 interface, sample
clock synthesizer and 5 GB DDR4 SDRAM

•

Navigator Design Suite BSP and FPGA Design Kit (FDK)
for Xilinx Vivado® IP Integrator expedite development

•

Applications include wideband phased array systems,
communications transceivers, radar transponders, SIGINT
and ELINT monitoring and EW countermeasures

Jade Model 71131 XMC
8-channel module, also
available in VPX, PCIe, cPCI
and AMC with rugged
options.
Navigator FDK shown in IP Integrator.

See the Video!

www.pentek.com/go/mesjade or
call 201-818-5900 for more information

All this plus FREE lifetime applications support!
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