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DARPA Selects Five Teams For Alpha Dogfight Trials Follow-Up
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ARPA on Nov. 11 selected five organizations to develop artificial intelligence
agents for a series of simulated dogfights in
2023 involving multiple sets of aircraft, the
agency said.
The selected teams—Boeing, EpiSci, Georgia Tech Research Institute, Heron Systems
and physicsAI—will build on the results
of the AlphaDogfight Trials won by Heron
Systems in August.
Instead of the one-on-one engagements
in the AlphaDogfight Trials, DARPA’s new
Air Combat Evolution (ACE) program seeks
to introduce aerial combat scenarios with two fighters against one and two fighters against two, the agency said. The
ACE engagements will continue to be limited to within visual range dogfights.
“We will be evaluating how well each performer is able to advance their algorithms to handle individual and team
tactical aircraft behaviors, in addition to how well they are able to scale the capability from a local within-visual-range
environment to the broader, more complex battlespace,” said Col. Dan Javorsek, program manager of DARPA’s Strategic Technology Office.
Dogfighting algorithms for individual and team behaviors are being developed under Technical Area 1 of the ACE
program. The five teams will “scrimmage” their algorithms in simulated dogfights this year, then transition the algorithms to flying unmanned aircraft systems next year, DARPA said.
“The program is ultimately focused on developing a protocol for teaching humans to trust autonomy and to develop more advanced human-machine symbiosis,” said Tim Grayson, director of DARPA’s Strategic Technology Office.
DARPA has also selected SoarTech for Technical Area 2, which seeks to develop an experimental methodology for
measuring pilot trust in dogfighting algorithms, along with new human-machine interfaces.
Dynetics and Lockheed Martin, meanwhile, are developing a data set to predict how algorithms created by the TA1
organizations can scale to more complex, multi-aircraft scenarios.
Finally, Calspan is supplying an Aero L-39 jet aircraft for a Phase 3 demonstration that combines autonomous dogfighting algorithms from Technical Area 1 with the new human machine interfaces from Technical Area 2 on a flying
combat aircraft with a human safety pilot on board.
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DARPA: AI’s Dogfighting Win Shows Potential For Teaming With Humans
Graham Warwick
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alco is an artificial intelligence agent, a
machine-learning algorithm that is barely
a year old but has the equivalent of 30 years’
experience flying the Lockheed Martin F-16.
 AI’s machine-precision control of F-16
wins the day
 Reinforcement learning involved billions
of dogfights
Banger, identified only by his call sign for
security reasons, is a graduate of the instructor course at the U.S. Air Force Weapons
School with more than 2,000 hr. flight time in
U.S. Air Force F-16 instructor pilot “Banger” lost five of five
the F-16.
dogfights
to an artificial intelligence algorithm despite adapting
On Aug. 20, in the final event of DARPA’s Alphhis tactics to counter AI-agent Falco’s aggressive maneuvers.
aDogfight Trials (ADT), Falco beat Banger 5-0 in air
combat between two simulated F-16s. Falco had already beaten artificial-intelligence (AI) agents from Lockheed and six other finalists to win the right to fight the human.
With a winning tactic of maneuvering hard from the outset to take high-angle gunshots against its opponent, the
“hyperaggressive” Falco showed “superhuman aiming ability,” according to DARPA’s competition co-commentators,
Chris DeMay and Justin Mock—fine motor control that was honed by deep reinforcement learning over at least 4
billion training examples, says Heron Systems, Falco’s developer.
That was not true at the first trial, in November 2019, where the AI agents struggled to simply fly the aircraft.
But progress was rapid, and by the second trial in January, “they were doing things that our pilots really thought
looked a lot like basic fighter maneuvers,” says Col. Daniel Javorsek, manager of DARPA’s Air Combat Evolution
(ACE) program.
“Even a week before Trial 1, we had agents that were not very good at flying. We were able to turn that around,
and since then we’ve been really in first place,” says Benjamin Bell, lead developer of Falco at Heron, a small business
based in California and the Washington, D.C., area.
The AlphaDogfight Trials were a precursor to ACE, which will culminate in live flight tests of AI-enabled
automated dogfighting between full-size aircraft. The rapid progress in AI agent capability over the trials has
given DARPA more confidence the algorithms will scale from simple 1v1 dogfighting to more complex, campaign-level air combat.
“The AlphaDogfight part of the program will increase the performance and trust of local combat autonomy, these
individual, 1v1, tactical behaviors,” Javorsek says. “Then we’re going to expand that to team tactical behaviors, 2v1
and 2v2. Our hope is we’ll be able to scale these trusted algorithms to more complex campaign levels with multiaircraft operational behaviors.”
DARPA chose dogfighting because it is “a closed-world problem that an AI algorithm can learn really well,” says
Tim Grayson, director of DARPA’s Strategic Technology Office. “At the same time, there are higher-level cognitive
problems, the battle management, more strategic things, the intuitive decision-making that for machines are still a
long way off.”
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Quoting a former Air Force Warfare Center commander as saying “I’ve got to stop spending so much time training
fingers and more time training brains,” Grayson himself says: “Imagine a skilled fighter pilot who can move from aircraft to aircraft without having to go through laborious training and recertification every time because the AI is doing
the hard part—how to control the aircraft and do the tactical maneuvers. That intuitive battle management skill that
the pilot has can then transfer from system to system.”
The outcome of the ADT comes with several caveats. The simulated dogfights took place between two unclassified
JSBSim open-source models of the F-16. The AI agent had perfect-state information on its own aircraft and its opponent’s, which enabled it to exploit its fine-precision control. The pilot had a chair, replica controls and a virtual-reality
headset but did not have to endure the physiological effects of the sustained high-g maneuvers that ensued.
Engagements were limited to simple 1v1 basic fighter maneuvers (BFM) and gun attacks. But instead of a gun,
damage was inflicted by maneuvering a 3,000-ft.-long 1-deg. cone onto the target. This avoided the need to train the
AI agent when to pull the trigger, data for which is “really sparse,” admits Bell.
Crucially, the simulations did not include the “bubble” around each aircraft required by training safety standards to
avoid collisions. These rules do not allow pilots to pass within 500 ft. of each other and restrict gunshot angles to no
more than 135 deg.—limits both aircraft “were violating routinely,” says Javorsek.
While such limits would not apply in real air combat, adhering to the training rules builds habits into human pilots, Banger contends. “I may not be comfortable pulling my aircraft into position where I might run into something
else or take that high-aspect gunshot, and the AI would exploit that.”
Also the AI agents were not allowed to learn during the trial events. But the pilot was. This was clear in the fifth
and final engagement, when Banger tried a different tactic: taking combat down to the minimum altitude or “hard
deck.” In earlier trials, “our agents were hard-decking almost 50% of the time in defensive situations,” says Bell. Heron’s focus for Trial 3 was on zero hard decks. “You see the pilot trying to take advantage of that in the final example,
and thankfully we didn’t hard-deck,” he says.
Heron credits Falco’s fine-pointing of the F-16 to a control strategy that emphasized smoothness. “We’re controlling
it around 10 Hz. It looked like a lot of our competitors were controlling at 50 Hz,” Bell says. That limited update rate
required the AI agent to know its trajectory for the next 3 sec. to keep its opponent within the 1-deg. cone of the “gun.”
“We saw that a lot with Lockheed, where we’re both nose-on, we’re both doing damage, but for whatever fractions
of a second that they don’t have us in their 1-deg. cone, that’s when we’re racking up damage and they’re not,” he says.
“That’s how we won a lot of those engagements.”
Bell also credits Falco’s success to Heron’s approach to reinforcement learning, a technique in which an AI agent is
trained by being rewarded for certain actions. Falco was trained over a total of about five weeks through billions of
dogfights against a league of 102 unique AI agents.
“We started off early with a league of agents,” he says. “We wanted to create multiple different agents that are all
flying in certain patterns. They have different reward structures, different ways of controlling the plane and different
neural network architectures. The league gave us the robustness so that, across the board, we were able to beat any
opponent, including the human, that we went against.”
Heron used model-free reinforcement learning. “There’s no model of how the environment’s going to run. We’re
not predicting the future state of the other plane or our own. It’s much easier,” says Bell. By avoiding the complex
problem of modeling, Heron was able to start training Falco on Day 1. “It’s hard to do and if your model’s bad, then
your agent’s going to end up worse,” he says.
Over in just 10 min., the human pilot’s one-sided loss to a machine unleashed a spate of comment and speculation
online, ranging from “end of an era” to “just one more overhyped AI demonstration.” But DARPA has not set out to
replace the human pilot. Instead, its ACE program aims to build trust in AI so that the pilot can focus on battle management while the machine flies the aircraft.
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“If we convinced even a couple of pilots that what they were seeing out of this Heron autonomous agent looked like
something that was intelligent and creative and making smart decisions in this dynamic BFM engagement, then I’m
considering it a success because those are the first steps I need to create trust in these sorts of agents,” Javorsek says.
“If I were to walk away from today and say, ‘I don’t trust the AI’s ability to perform fine motor movements and
achieve kills and [damage] that I’m uncomfortable with,’ I’d have a lack of integrity,” Banger says.
The mystery fighter pilot also joined in the speculation on how AI-controlled autonomous aircraft could change
the face of air combat. “If I have an autonomous system out there, and we’re in combat against a singular adversary, I
would love to have it take that high-aspect gunshot on the enemy,” he says.
There is also potential for “developing a wingman that has learned my assumptions so well that it’s able to predict
with 98-99% probability what I’m going to do, and so we as a combat pair or four-ship become even more lethal,” he
says. “For that reason, I don’t think you’re seeing the end of a human fighter pilot, I think you’re seeing the refinement
into a human weapon system.”
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Does Software Now Allow Fighters To Operate Autonomously?
Steve Trimble

A

sk the Editors: The Aviation Week
Network invites our readers to submit
questions to our editors and analysts. We’ll
answer them, and if we can’t we’ll reach out to
our wide network of experts for advice.

Aviation Week Defense Editor Steve Trimble
responds:
The Cambridge Dictionary defines “autonomous” as “independent and having the power
to make your own decisions.” Cambridge University Press also has published an aerospace dictionary, which defines
“fighter” as an “aircraft designed primarily to intercept and destroy other aircraft”—although many aircraft called
fighters are optimized for striking targets on the ground.
One of the functions of a fighter pilot is navigating and avoiding collision threats. In this area, software has proven
quite useful and may even exceed the skills of most human pilots. For example, the U.S. Air Force has installed a
software mode called the Automatic Ground Collision Avoidance System (Auto-GCAS) in the F-16 and F-35. This
system operates by comparing flight navigation data with a digital terrain database. Once the software detects that
the pilot may be inadvertently approaching a point of no return, Auto-GCAS sends warning signals to the pilot to
pull up. If the pilot fails to respond, the system assumes the pilot is at least temporarily incapacitated. Auto-GCAS
then takes control of the aircraft and maneuvers it to a safe flight condition before restoring control to the pilot. Auto-GCAS is touted by the Air Force as a first step on the path to greater autonomy in combat aircraft.
But, other functions of a fighter remain beyond the capabilities of software algorithms. The AlphaDogfight trials
run by DARPA showed that an artificial intelligence (AI) agent “flying” a simulated fighter could easily beat a human
pilot in a dogfight contained within a synthetic environment. But the AlphaDogfight trials did not seek to replicate a realistic dogfight scenario. The AI agent was given perfect knowledge of the position of the adversary aircraft
throughout each engagement. In a realistic combat scenario, an AI agent would need spherical sensor coverage and
tremendous onboard processing power to transform imperfect state data into perfect situational awareness of the
enemy fighter’s position and intention in real time.
While DARPA says the AlphaDogfight trials showed the potential for AI to fly an aircraft in combat, freeing up
the pilot to act as battle manager, it represented one of the most straightforward missions in a fighter’s repertoire: a
close-range visual engagement with another hostile aircraft. A human fighter pilot is expected to easily handle more
mentally challenging scenarios, such as a beyond-visual-range engagement, where it’s necessary to balance sensor
data with rules of engagement.
An ambiguous scenario might possibly be even more challenging for an AI agent. Fighters are often launched to
intercept aircraft that are knowingly or unknowingly violating restricted airspace. Creating an algorithm that can
discern the intent of the other aircraft and respond appropriately may rank among the more challenging assignments
for the next generation of software developers.
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Has software development reached a
point where fighter aircraft can operate
autonomously?
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Skyborg Awards Set Stage For Revolution In Manned-Unmanned Teaming
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new phase in manned-unmanned teaming in air combat will begin next year
with contract awards by the U.S. Air Force
to four companies to create a vendor for the
Skyborg program.
For two decades, the Air Force has operated
large unmanned aircraft systems (UAS) under
the direct control of humans on the ground
who either “fly” the aircraft in real time or approve any deviation from a preplanned mission. As autonomous technology advances,
the Air Force is seeking to transition to a new
operational paradigm, with onboard software
Kratos supplied the XQ-58A for the
UCASD program and received one of four
algorithms ultimately trusted to sense their environments and make their
contracts awarded to a pool of vendors to
own decisions about how to respond to unexpected changes or threats.
supply Skyborg air vehicles.
 AFRL sponsors Skyborg, Enigma and Lander programs
 Skyborg testing supported by TACE program at Edwards AFB
Skyborg is expected to usher autonomous UAS technology from the laboratory and flight demonstrations to a new
family of operational air vehicles.
Much of the Air Force’s autonomous capability development remains shrouded in secrecy, but glimpses of a broad
development portfolio stretching back at least three years has been released. In June 2017, for example, the Air Force
hailed the achievements of 11 student test pilots in Class 16B of the Air Force Test Pilot School. One of the test management projects for that class was called Have Raider II. The students adapted the F-16 Variable Stability In-Flight
Simulator Test Aircraft (VISTA) to fly autonomously.
By introducing a “dynamic mission-planning element to command the VISTA,” the class of student test pilots
enabled the unmanned F-16 to execute simulated attacks while navigating around simulated pop-up threats, such as
mobile surface-to-air missiles, the Air Force says.
Around the same time, the Air Force Research Laboratory (AFRL) launched the Low-Cost Attritable Strike
Demonstration (LCASD), with a portfolio of programs identified as Low-Cost Attritable Aircraft Technology
(LCAAT). By far, the most visible element of the LCAAT and LCASD efforts has been the four test flights since
March 2019 by the Kratos XQ-58A Valkyrie.
Meanwhile, the Emerging Technologies Combined Test Force (ET-CTF) within the 412th Test Wing at Edwards
AFB, California, became involved. To prepare for the LCASD follow-on programs, including Skyborg, the ET-CTF
launched a series of flight tests using off-the-shelf, jet-powered drones in July 2019. Their goal was to verify an “autonomy safety net” developed by the Johns Hopkins University Applied Physics Laboratory.
Known as the Testing Autonomy in a Complex Environment (TACE) software suite, the technology is part of the AFRL’s
effort to build up trust in the decisions made by a UAS. Building on the AFRL’s work with the Automatic Ground and Air Collision Avoidance System, TACE is a software program that takes control of a UAS after it has departed from safety boundaries
and returns the aircraft to controlled flight. Thus, TACE allows the ET-CTF to test autonomous aircraft such as a new aircraft
with an onboard pilot who is trusted to guide the vehicle back to safety on flight tests intended to discover any glitches.
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Meanwhile, the AFRL continued experimenting with autonomous air vehicles.
The AFRL describes the LCAAT program
as a “portfolio” of systems for a reason. The
LCASD project funded the development
and testing of the XQ-58A. The LCAAT
sponsored the Skyborg program but also
others. For example, Timothy Dare, deputy
director for prototyping and software for the
undersecretary of defense for research and
engineering, gave an online presentation in
June that revealed other programs. Data for
the LCASD program’s XQ-58A “supports
An organization within the 412th Test Wing has been developing
several follow-on projects to include Skyborg,
trust in autonomous aircraft control systems by applying the
TACE software suite in off-the-shelf, jet-powered testbeds.
Enigma and Lander, which will develop stores and
fire-control management for the aircraft.”
No information about Lander is available, but some details about Enigma exist in the public record. The AFRL awarded three contracts in October 2019 with a combined value of $4.3 million. Lockheed Martin received a $2.5 million
contract to provide an air vehicle and spares to support the Enigma program. Northrop Grumman and Rockwell Collins
are supplying electronics and communications equipment. The Enigma program office in AFRL has yet to comment.
But the most visible element of the AFRL’s LCAAT portfolio continues to be Skyborg.
On July 23, Boeing, General Atomics Aeronautical Systems, Kratos Unmanned Aerial Systems and Northrop
Grumman each received an indefinite-delivery/indefinite-quantity contract worth a maximum of $400 million to
support the Skyborg program. The four companies will form a pool of vendors, which AFRL can call upon to deliver
air vehicles for a series of flight tests beginning next year.
The heart of the Skyborg program remains the autonomous control system in development under a separate
contract awarded in May to another company. Leidos is functioning as the Skyborg
System Design Agent, which is tasked with
integrating autonomous control applications
developed by multiple sources, including the
Air Force’s year-old autonomous technology
accelerator organization at the Massachusetts
Institute of Technology.
“We have the opportunity to transform our
warfighting capabilities and change the way
we fight and the way we employ air power,”
says Brig. Gen. Dale White, program executive officer for fighters and advanced aircraft.
In effect, Skyborg is seeking to demonstrate
and certify multiple levels of autonomous
control for a new generation of UAS. The Air
Members of Class 16B of the U.S. Air Force
Force’s Next-Generation Air Dominance program envisions a
Test Pilot School pose in front of an F-104 after
completing the Have Raider II autonomous flight
new model for air warfare in the future, with a family of systems

demonstration with the F-16 VISTA.
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consisting of manned and unmanned aircraft teams. Depending on the mission, the unmanned vehicles in the family
could function as off-board surveillance and targeting systems to the manned aircraft or operate as a sort of hybrid
cruise missile or loitering munition. Since a high degree of attrition is assumed, the Air Force is seeking to make the
unmanned aircraft as low-cost as possible.
The AFRL’s goal is to achieve an early operational capability with the Skyborg family of systems in fiscal 2023, but the
timeline will depend on the next round of LCAAT-funded flight experiments with the four Skyborg vendors starting
next year.
“Autonomy technologies in Skyborg’s portfolio will range from simple playbook algorithms to advanced team decision-making and will include on-ramp opportunities for artificial intelligence technologies,” AFRL commander Brig.
Gen. Heather Pringle says.
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U.S. Air Force Launches Three-Year Fielding Plan For Skyborg Weapons
Steve Trimble
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he next combat aircraft to enter the
U.S. Air Force inventory will not be a
manned sixth-generation fighter or even the
Northrop Grumman B-21.
By fiscal 2023, the Air Force expects to
deliver the first operational versions of a
new unmanned aircraft system (UAS) called
Skyborg, a provocative portmanteau blending
the medium of flight with the contraction for
a cybernetic organism.
The Skyborg family of aircraft is expected
to fill an emerging “attritable” category for
combat aircraft that blurs the line between a
An Air Force concept of a future Skyborg system depicts
an unmanned aircraft firing an AIM-120 missile from an
reusable UAS and a single-use cruise missile.
internal weapons bay, signaling an air-to-air role.
 July 8 award date for Skyborg contracts
 Leidos is managing autonomy mission system
As the aircraft are developed, Skyborg also will serve as the test case of a radical change in acquisition philosophy,
with ecosystems of collaborative software coders and aircraft manufacturers replacing the traditional approach with a
supply chain defined by a single prime contractor.
The Air Force also plans to manage the Skyborg aircraft differently than other UAS. Although Air Combat Command (ACC) is considering the Skyborg family as a replacement for pre-Block F-16s after 2025 and MQ-9s after
2030, the aircraft is not likely to fit neatly into an existing force structure with dedicated Skyborg squadrons.
“Even though we call Skyborg an attritable aircraft, I think we’ll think of them more like reusable weapons,” says
Will Roper, assistant secretary of the Air Force for acquisition, technology and logistics.
The Skyborg propulsion systems—including expendable
subsonic and supersonic jet engines—will be rated with a
fraction of the service life expected of a fully reusable UAS or
manned aircraft.
“We’ll do whatever number of takeoffs and landings
they’re ‘spec’d’ for, and then we’ll attrit them out of the force
as targets and just buy them at a steady rate,” Roper says.
Starting in fiscal 2023, a concept of operations for a formation of four Lockheed Martin F-22s will include Skyborgs as
part of the manned aircraft’s load-out.
“I expect that the pilots, depending on the mission, [will]
The Skyborg is an attritable weapon, which
decide: Does the Skyborg return and land with them and
means key components such as the jet engine
will be designed with a short service life.
then go to fight another day, or is it the end of its life and it’s going to
go on a one-way mission?” Roper explains. In some cases, the pilot
may decide a target is important enough that it is worth the loss of a Skyborg, even if its service life has not been
used up, he adds.
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As the concept evolves, a diverse array of Skyborg aircraft designs will likely find roles beyond the air combat community, Roper says.
“I don’t think it’ll just be fighters,” he says. “I think they’ll fly with bombers. I think they’ll fly with tankers to provide extra defensive capability. That’s what I love about their versatility and the fact that we can take risks with them.”
Skyborg is often presented as the epitome of the “loyal wingman” concept, in which one or multiple UAS are
controlled or managed by a manned aircraft to perform a variety of surveillance, support and strike tasks during a
mission. But the aircraft also could have the ability to operate independently of a manned aircraft, with the capability
to launch and recover hundreds of such systems without the need for runways or even bases.
“If [China and Russia] know that they
have to target only tens or even hundreds of
ports and airfields, we have simplified their
problem,” says ACC chief Gen. Mike Holmes.
The new class of attritable aircraft, he says, are
designed so that “we can still provide relevant
high-tempo combat power to be freed up
from a runway.”
If Skyborg is the future, it begins on July 8.
The Air Force Research Laboratory (AFRL)
is due on the second Wednesday of this
month to award a contract to start developing the first in a family of experimental UAS
The Kratos XQ-58A, which achieved first flight in March 2019,
bearing the name Skyborg.
is one of several potential members of the Skyborg UAS family.
The AFRL already has a stable of potential
concepts. The Kratos XQ-58A Valkyrie, which has flown four times since March 2019, is the most visible example of the AFRL’s Low-Cost Attritable Aircraft Technology platform. Meanwhile, the Low-Cost Attritable Aircraft
Platform--Sharing project quietly kept several UAS industry leaders involved in design studies, including Boeing,
General Atomics Aeronautical Systems Inc., Lockheed Martin and Northrop Grumman. Each company selected will
be awarded a contract with a maximum value of $400 million over a five-year ordering period.
But the core of the Skyborg program is the software; specifically, the military aviation equivalent of the algorithm-fed convolutional neural networks that help driverless cars navigate on city streets.
In announcing Leidos on May 18 as the Skyborg Design Agent (SDA), the AFRL selected the same company that
delivered the software “brain” of the Navy’s Sea Hunter unmanned surface vehicle, which navigated from San Diego
to Honolulu in 2018. As SDA, Leidos’ role is to deliver a software core that uses artificial intelligence to learn and
adapt as the aircraft flies.
The autonomy mission system core—as integrated by Leidos from a combination of industry and government
sources—will be inserted into multiple low-cost UAS designed by different companies, with each configured to perform a different mission or set of missions.
That is how the Skyborg program is set up today, but that is not how it started. Roper created the original “Skyborg” term and concept when he led the Strategic Capabilities Office within the Office of the Secretary of Defense in
2012-17. Roper transferred Skyborg to the AFRL, where it was renamed Avatar. A year after taking over Air Force
acquisition in 2017, Roper changed the name back to Skyborg and created a program office in October 2018.
In March 2019, Roper revealed the Skyborg concept to a group of reporters a week before the AFRL issued the
first request for information to industry about the program. At that time, Skyborg was still organized more traditionally, with plans to select a single contractor to serve as a prime integrator. By early 2020, program officials reor-
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ganized Skyborg into modular hardware and software subcomponents built on an open architecture that requires
no prime integrator.
As the acquisition strategy has evolved, so has the Air Force’s thinking about how to use the Skyborg family of systems.
“The whole idea was [that] the contested environment is going to be challenging, it’s going to be uncertain, and so
it makes the most sense to have something that doesn’t have a pilot in it to go into the battlefield first,” Roper says.
“But once you agree that’s a self-evident operational concept, it opens up the door for a lot of nontraditional thinking
for the Air Force.”
After a 2-3 year experimental phase, the AFRL plans to deliver an early operational capability in fiscal 2023.
Follow-on operational Skyborgs could be funded within the Next-Generation Air Dominance (NGAD) project or
through a separate program of record. The Skyborg concept even has links to the Air Force’s architecture for the
Advanced Battle-Management System (ABMS). “Attritable-ONE,” which is defined as having “multirole attritable
capabilities,” is one of about 30 product lines in the ABMS architecture.
“Skyborg and the AttritableONE teams are closely coordinated for planning and collaboration purposes,” the AFRL
informed industry in response to questions about the Skyborg solicitation.
The aircraft supplier must deliver a highly flexible design. Leidos, the design agent, will provide the autonomous
mission system that will serve as the pilot, flight control computer and mission systems operator for the aircraft. But
the “size, weight, power and cooling details for the Skyborg core autonomy system have not been finalized,” the AFRL
told the bidding companies.
“The majority of the system will be software-based and integrate with the sensors onboard the host aircraft,” the
AFRL says. “Extensive collaboration between the Skyborg system design agent and the participants in this [contract]
is expected.”
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U.S. Air Force Plots Fleet Insertion Path For ‘Loyal Wingman’
Steve Trimble & Lee Hudson
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he format of the U.S. Air Force’s “fireside
chat” series is well-understood. A technology pioneer such as Jeff Bezos, Richard
Branson or Mark Cuban appears onstage at
an Air Force-affiliated event, counsels an audience of pilots and airmen about innovation
and, not least, tries not to offend anyone. Elon
Musk arrived at the Air Warfare Symposium
on Feb. 28 with a different plan.
The founder of SpaceX and Tesla, who
seems to delight in publicly tweaking established competitors in the space market such
as Boeing and Lockheed Martin, sat on the
The F-16 Block 25/30 replacement could be a low-cost,
attritable drone such as the Kratos XQ-58 Valkyrie.
Air Force Association’s (AFA) stage and declared that the
fighter aircraft—for decades the heart of the Air Force’s
tactical combat capability—is already irrelevant.
 Unmanned aircraft eyed to replace Block 25 and 30 F-16s
 Kratos set to deliver 12 XQ-58s by early 2021
“The fighter-jet era has passed,” Musk said, provoking audible gasps and murmurs in an audience peppered with
officers clad in flight suits. Lt. Gen. John Thompson, Musk’s interviewer, quickly changed the subject.
Hours later, Musk clarified in a tweeted reply to Aviation Week that he meant the fighter aircraft remains relevant,
just not the pilot onboard.
“The competitor [to a manned fighter] should be a drone fighter plane that is remote-controlled by a human, but
with its maneuvers augmented by autonomy,” Musk writes.
Musk’s comments on airpower should be taken with a grain of salt. Although his companies have sought to disrupt
the space, automotive and mining industries, Musk has no track record in the aircraft sector. One of his symposium
hosts, David Deptula, a retired lieutenant general who is now dean of the AFA’s Mitchell Institute, also pointed out in
a rapidly published rebuttal in Forbes that
Musk’s predictions about autonomy are often
wrong, even when it concerns the self-driving capabilities of Tesla cars.
But Musk’s remarks only differed with
those of senior Air Force officials at the
same event in the details of timing and
scope. For over a year, Will Roper, assistant
secretary of the Air Force for acquisition,
technology and logistics, has championed
a vision of future airpower populated by
numerous, small batches of autonomous
GA-ASI proposes defending tankers with jet-powered,
aircraft augmenting manned fighters with

missile-carrying drones like the Defender (pictured).
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specialized capabilities. For the first time, Gen. James Holmes, head of Air Combat Command (ACC), offered a
path to introducing such aircraft into the fleet around 2025-27.
In the near term, the Air Force is focused on replacing aging F-15C/Ds with a mix of Boeing F-15EXs and Lockheed Martin F-35As. The Air Force decided to add the F-15EX to its inventory last year even as the Air Force Research Laboratory (AFRL) began experimenting with a new class of low-cost aircraft with an “attritable” value.
The first such experimental aircraft, the Kratos XQ-58A Valkyrie, in March 2019 completed the first of four
flights made to date. Next year, the Air Force plans to fly the XQ-58A or a similar aircraft with an artificial
intelligence “brain,” which allows the so-called Skyborg aircraft to learn maneuvers as it flies. Such capabilities
are not far from Musk’s vision of future air combat, but they are too immature to replace a fleet of F-15Cs on the
verge of being grounded; hence, the decision to buy the F-15EX instead.
The next opportunity to introduce a new kind of aircraft comes in about 5-8 years, Holmes says. That timing dovetails, perhaps intentionally, with the schedule for maturing aircraft such as the XQ-58A and Skyborg.
The Air Force will need to replace hundreds of F-16 Block 25s and Block 30s, which entered production in
the mid-1980s.
“There’s an opportunity there if we want to cut in something new, a low-cost attritable, loyal wingman and
the different things that we’re looking at and experimenting with,” Holmes says.
In late February, Holmes and Roper met to discuss the meaning of a “fighter aircraft” in the future with the
Next-Generation Air Dominance (NGAD) program in the backdrop. The program office for NGAD began operations in October, with a focus on inventing a new production process capable of affordably producing small batches
of advanced aircraft every 3-5 years. But Air Force officials are still grappling with the definition of basic requirements such as range and payload, as operations in the vast Pacific Ocean dominate the calculations.
“The equation and the kind of math that we use for a fighter still works pretty well in the European environment—
the range and payload and distance,” Holmes says. “It’s not as effective a solution in the Pacific, because of the great
distances. So as you look at NGAD and you look at the following programs, I wouldn’t expect it to produce things
that necessarily look like a traditional fighter.”
The exhibit hall at the Air Warfare Symposium offered some clues. Besides the usual displays and posters of F-35s
and F-15s, some new concepts appeared. General Atomics Aeronautical Systems Inc. (GA-ASI) showed a concept
design called “Defender,” an apparent variant of the Predator C Avenger, armed with air-to-air missiles and infrared
search-and-track sensors. The Defender would protect an “outside force” of enablers, such as tankers and surveillance
aircraft, from aerial attack while an inside force of stealth bombers and fighters engaged targets downrange, a GA-ASI
spokesman says.
Kratos, meanwhile, continues working on the XQ-58. The AFRL initially funded five test flights, but despite a crash
landing on the third flight, all test objectives were met after the third test, says Steve Fendley, president of Kratos’
Unmanned Systems Division. The AFRL now is accelerating the “missionization” of the XQ-58, Fendley says, adding
payloads and potentially weapons. The first payload integration will be demonstrated in April, when the XQ-58
serves as a communication conduit between the F-35 and the F-22.
Meanwhile, Kratos has started production, with 12 XQ-58s scheduled off the assembly line by the first quarter of
2021. The fleet will be assigned to multiple demonstration programs, funded by several agencies, Fendley says.
The XQ-58’s performance helps define the new class of aircraft, called “loyal wingman” in the U.S. and “remote
carriers” in Europe. A critical feature shared by the XQ-58 and similar aircraft such as the Boeing Airpower Teaming System (ATS) is range. Both are capable of flying 3,000 nm unrefueled, almost three times the range of the
F-35. Unlike the ATS, the XQ-58 does not need a runway to land, and instead deploys a parachute.
Both aircraft seem unrecognizable from the typical next-generation fighter favored by ACC, but the command is
changing its approach, Holmes says.
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“In the past at Air Combat Command, we would have built something that we call a fighter road map . . . to figure
out what our fighter force will look like for the next 30 years,” Holmes said. “What I would rather build is a capabilities road map that shows how we’re going to accomplish the missions for the Air Force that we traditionally had done
with fighters.”
At the same time, Holmes’ counterparts in the Air Force Materiel Command (AFMC) are also changing their approach to fighter acquisition. Last October, the AFMC established the Advanced Aircraft Program Executive Office,
which is tasked with reinventing the acquisition process for the next class of fighters. A modern fighter is typically
developed over a decade and then sustained for several more. For the next generation, the Air Force now prefers to
produce multiple aircraft in small batches, in development cycles lasting only five years.
The sustainment phase would be minimal, as the aircraft would be phased out after a brief operational career. The
approach requires that the Air Force make the design phase profitable for contractors, which now lose money in design and earn profits during the sustainment phase. The approach means paying higher prices up front for the design,
but theoretically less overall during the shorter lifespan of the aircraft.
The Air Force is still trying to craft the contractual mechanism for such an acquisition approach, says Gen. Arnold
Bunch, the head of AFMC.
“Industry is going to have to rethink how they want to go do this. They’re gonna have to talk to their boards in a
different way,” Bunch says. “[Something] we also have to factor into that is: How do I do my cost estimates? How do I
do my financial planning? How do I interact with Congress?”
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EU Initiatives Could Bolster European Defense Post-COVID
Tony Osborne
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ver the last six years, an alphabet soup
of defense initiatives has emerged from
European leadership in Brussels.
These European mechanisms for defense
cooperation may have been slow to gain traction, but they are encouraging more pooling
and sharing of assets, bolstering research and
development funding, encouraging nations
with similar requirements to work together
and most of all, helping nations avoid repeating the mistakes governments made in the
aftermath of the 2008 global financial crisis.
 The EU is mulling over third-nation access
The European Defense Agency identified the need for
increased European aerial refueling capability in 2012,
to PESCO and EDF
resulting in creation of the Multinational Multirole Tanker
 European defense took a decade to recover from
and Transport Fleet, equipped with the Airbus A330 MRTT.
2008 financial downturn
 NATO nations are concerned about a second Trump administration
And soon they could help Europe’s embattled defense industrial base bounce back, once the dust from the novel
coronavirus pandemic has settled.
Agencies such as the European Defense Agency (EDA) and initiatives such as the European Defense Fund (EDF),
Permanent Structured Cooperation (PESCO), Preparatory Action on Defense Research (PADR) and the European
Defense Industrial Development Program (EDIDP) have emerged from the European Union (EU) and European
Commission’s (EC) call for EU member states to take more care of their own security and be less reliant on the U.S.
 See also: A Closer Look At European Aerospace And Defense Programs
The initiatives are leading to new partnerships that would have been unlikely in the past, aiming to fill capability
gaps that no single European nation alone could have achieved.
The big question is whether governments can overcome nationalist tendencies and be more willing to cooperate.
And if so, will the projects produce something tangible?
European defense cooperation has existed in different forms for decades, through development of the Panavia Tornado by Germany, Italy and the UK; the Franco-German work on the C-160 Transall airlifter; and the MBDA Meteor
missile shared between Germany, Italy, France, Sweden and the UK.
The difference this time is that such relationships were forged by national governments, but the new wave of cooperation is being stimulated centrally with EU and EC money, to improve coordination between the nations in an
attempt to change the perception that such collaborations can sometimes cost more overall. The joint efforts are now
being applied to a multiplicity of programs, large and small, and not just to those considered unwieldy or complex.
Consider the creation of the Multinational Multirole Tanker Transport (MRTT) Unit, which will see six nations—
Belgium, the Czech Republic, Germany, Luxembourg, the Netherlands and Norway—jointly operating a fleet of Airbus A330 MRTT refueling tankers. More than eight years in the making, the pooling and sharing initiative emerged
from the EDA and boosts the number of aerial refueling tankers available to European nations, with governments
paying for flight hours on an annual basis. The first of the tankers was delivered to the Netherlands in early July.
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There has been cooperation in demonstrations of unmanned systems and sensor technology for increased maritime awareness through the Ocean2020 project, a PADR initiative, and with enhanced airlifter and helicopter training
through a series of EDA-arranged training exercises (AW&ST July 20-Aug. 2, 2015, p. 63).
The push for deeper European defense cooperation
emerged in the years after the deep post-2008 economic
downturn that prompted many European governments
to adopt austerity budgets, introducing sweeping cuts to
public spending that sharply curtailed capability. Budgets
in some of the smaller nations were reduced by as much
as 30%, according to research by the German Council on
Foreign Relations. Overall, about €24 billion ($27 billion)—
equivalent to around 11% of Europe’s total defense spending—was cut in the years following 2008.
“It took until [2019] for defense spending [by] NATO’s
European members to recover in constant dollar terms back
to the level where it was when that 2008 financial crisis hit,”
Bastian Giegerich, director of defense and military analysis at
the London-based International Institute for Strategic Studies, tells Aviation Week.
When allied air forces began flying missions over Libya
in 2011, they lacked aerial refueling, electronic-warfare and
The Franco-German, Italian and Spanish EuroDrone is
intelligence, surveillance and reconnaissance capabilities to
one of the programs envisaged to receive support from
find
targets, and ended up relying heavily on U.S. assets that
the European Defense Fund.
Washington had been reluctant to provide.
The lessons only began being heeded when the European security situation deteriorated rapidly.
The Arab Spring, which had caused the collapse of the Muammar Ghaddifi government in Libya and was continuing
to ripple through North Africa and the Middle East causing instability on the edges of the Mediterranean, was quickly
followed in 2014 by the Russian--backed insurrection in Eastern Ukraine and Moscow’s annexation of Crimea.
“This succession of events really highlighted to European leaders that they needed to get their act together,” says
Daniel Fiott, security and defense editor at the EU Institute for Security Studies.
As treasuries across Europe began to trickle money back into defense budgets, further alarm was generated by the rhetoric
of U.S. President Donald Trump, who having berated several NATO members for not meeting the alliance’s defense spending target of 2% of GDP, single-handedly “undermined
alliance cohesion and coherence,” says Giegerich. Trump
raised doubts about the U.S. commitment to NATO’s
Article 5, which states that an attack on one ally is an attack on all. That shock, “and the possibility that if Trump
is reelected [this November] . . . he could do something
radical within NATO,” has prompted a continued drive to
modernize European capabilities, suggests Fiott.
Britain’s departure from the European Union
provided the EU and EC with the impetus for reinforced defense cooperation; London had long
Twister, a PESCO project, is looking at technologies to defeat
future ballistic and supersonic cruise missiles and hypersonic
resisted such attempts.

weapons, bolstering Europe’s missile defense capability.
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“The UK line was always that the EU shouldn’t try and develop certain mechanisms or capacities that they would
see as potentially duplicating NATO,” says Fiott.
In the fall of 2016, European Commission President Jean-Claude Juncker told EU member states that Europe needed to “toughen up” and not “piggyback on the military might of others.”
He added: “We have to take responsibility for protecting our interests and the European way of life.”
According to the EC, the lack of defense cooperation between member states costs between €25-100 billion because
of issues such as duplication of effort. It also notes that 80% of procurement and 90% of research and technology are
run on a solely national basis. The EC claims that enhanced cooperation between member states could reduce annual
defense expenditures across Europe by 30% through pooling procurement.
Junker’s words were followed up a year later with the EC’s formation of the European Defense Fund for joint research and development of defense projects.
The EDF was set up to incentivize joint development projects and provide co-financing if several member nations
bulk-buy capabilities between them. This was preceded by the PADR and the EDIDP, a series of preparatory programs paving the way for the EDF (AW&ST June 12-25, 2017, p. 28).
“[The] PADR and EDIDP test the way the institutions and the funding mechanisms work and help to generate
some buzz in industry,” says Fiott.
These programs began to deliver benefits in June, when the EC announced €205 million of funding to support 16
PADR and EDIDP initiatives. Projects including the development of a low-observable tactical unmanned aircraft
system, research into high-resolution observation payloads for satellites, and studies for a beyond-visual-line-of-sight
land-based battlefield missile system have been funded, a steppingstone toward creation of the EDF.
Direct support is also envisaged for two large-scale
projects, including the EuroDrone medium-altitude
long-endurance aircraft system being developed by France,
Germany, Italy and Spain and for the European Secure Software-Defined Radio (ESSOR) program.
Some of the PADR and EDIDP initiatives are linked to
the other major initiative, PESCO.
Run by the European Defense Agency and the EU’s External Action Service, PESCO calls on Euro-pean member
states to make binding commitments to invest in and develop defense capabilities. PESCO projects are likely to receive
funding from the EDF. There are currently some 47 PESCO
The MMF has options on three more A330
projects supported by 25 member states.
MRTTs, should more nations beyond the
Several of the projects are aerospace-related programs. One is the
existing six wish to join the program.
Timely Warning and Interception with Space-based TheatER surveillance program (Twister)—led by France and supported by Finland, Italy, the Netherlands and Spain—to develop a capability to track and counter emerging threats, including hypersonic gliders and supersonic cruise missiles. Another,
Airborne Electronic Attack, led by Spain with support from France and Sweden, calls for the joint development of a
pod-mounted electronic attack and countermeasure capability for combat aircraft. PESCO programs are also focused
on training, joint forces activity and cyberwarfare.
There are, however, debates as to whether the PESCO initiatives will deliver new capabilities. Some are seen as
vanity programs, others may merely be national programs for which some nations have roped in other partners in a
bid to secure funding. A review of the PESCO projects is currently underway.
“We can’t prove that cooperation delivers anything, and we don’t know the criteria for having good coopera-
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tion and for having bad cooperation,” says
Christian Molling, research director for the
German Council on Foreign Relations.
PESCO has also ruffled feathers. Last year,
Pentagon procurement officials wrote to the
EU threatening to apply sanctions, incorrectly assuming that PESCO initiatives would
prevent U.S. industry from pursuing business
in Europe. The EU is currently exploring
whether third nations—non-EU nations—can
access PESCO and EDF initiatives. Initial proposals to allow third-nation access have been
received favorably by some member states,
The European Defense Agency also led on development
of pan-European helicopter training exercises to
but the discussions are bound up in deliberations about the
improve interoperability and standardization.
next EU budget.
The U.S. may have been alarmed at the longer-term goals of
EDF and PESCO, which by providing political and financial incentives boost productivity, innovation and the competitiveness of the European defense industrial sector. “[It] strengthens the argument to buy European and do things
together,” says Giegerich.
“That is a long-range threat . . . that may explain why the U.S. administration had such an allergic reaction to the
EDF and PESCO last year,” he adds.
EU and EC-led plans are not the only cooperative initiatives taking place. Two new combat aircraft programs have
taken shape over the last three years, linking unlikely bedfellows with very different views on defense. France, Germany, and Spain are working on the Future Combat Air System (FCAS), while the UK is leading its Tempest project
with Italy and Sweden.
Such flagship programs could have “a structuring effect on defense industrial capability in Europe for the next couple of decades,” says Giegerich. The nations will have to reconcile their differences, though France and Germany, the
leading nations on FCAS, have markedly different approaches to defense exports, doctrine and deterrence.
Hopes from industry that the two projects could
be combined may be wishful thinking. There may
be only a short window of opportunity for that to
happen, perhaps 18-24 months, suggests Giegerich,
before too many decisions on each of the projects are
finalized. FCAS was born out of French and German
ambitions to become pillars of European defense.
With the entrance of Spain into the initiative, the
program is likely to be eligible for support from the
EDF in the future.
It is conceivable that Tempest could benefit from
such funding in the future, too, if the EC allows socalled third nations.
How defense cooperation evolves is likely to depend
on how nations emerge from the COVID-19
The European High Atmosphere Airship Platform, a PESCO
project, is likely based on Thales Alenia Space’s Stratobus, a
pandemic and whether they choose to make cuts

solar-powered airship for operation in the stratosphere.
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to defense, taking an austerity approach as in 2008, or to reinvigorate their economies with fiscal stimulus. The arguments for such cuts will be challenged in the current environment, suggests Giegerich. “While COVID is obviously
a massive interruption to [European government] plans, none of the security problems that existed before have gone
away,” he notes.
In May, the defense ministers of the four major EU states—France, Germany, Italy and Spain—wrote to European
leaders urging their nations to strengthen cooperation through efforts such as PESCO.
“Security and Defense must therefore remain a top priority,” the letter states. “We want to live up to our responsibilities and be able to face present and upcoming challenges, at home and abroad. . . . Hence, we have to maintain,
strengthen and develop our ability to act and react autonomously, as a Union.”
The crisis has prompted governments to
sit up and look at their strategic capabilities,
critical industries and security of supply,
says Fiott, and may prompt some nations to
look closer to home again for their defense
relationships.
“The U.S. will always be a go-to player
when it comes to certain capabilities,” says
Fiott. “Dealing with the U.S. on one hand
is really good. You get access to high-tech
equipment and you can use it to undergird
your defense relationship.”
But buying from the U.S. means countries are
exposed to the full force of U.S. legislative power.
“You can’t have any kind of autonomy in
defense if ultimately Washington is able to
France, Germany and Spain are cooperating to develop a
veto you, the use of capabilities or even the exploitation modernized version of the Airbus Tiger attack helicopter, and
are looking to benefit from EDF funding for the program.
of technology,” Fiott says. “That’s certainly an issue that
[European] governments are thinking about.”
Another concern is that a deep economic recession in the U.S. could prompt Washington to reconsider its posture in Europe and speed up its repivot to China. U.S. plans to withdraw some 9,000 troops from Germany has sent
ripples through NATO.
The post-COVID-19 era could also provide an opportunity to put European defense mechanisms to good use. Reports that the EDF budget would be slashed as a result of the coronavirus crisis have proved unfounded. The EC plans
to invest €9 billion in the EDF over the next seven years, down from the originally planned €13 billion, although this
is still subject to approvals by EU member states.
“There is now a time to make that argument that the EDF and the European military mobility initiatives should be
fully funded and should perhaps even be beefed up compared to original plans,” says Giegerich. “The ball is now in
the court of the EU member states.”
“We are really fortunate in having already a lot of initiatives in place,” says Fiott. “It is not like we have to waste the
next two, three, four years dreaming up new schemes.”
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Autonomous Technology Prompts Ethics Considerations For German FCAS
Tony Osborne
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ith the European Future Combat Air
System likely to feature high levels of
autonomy and artificial intelligence, Germany
wants to ensure those technologies are used
responsibly and ethically.
German popular opinion has long been
wary of the use of military force, given the
country’s wartime past.
 Independent panel will keep FCAS development within legal guidelines
 Decision on combination of fighter and
remote carriers expected in 2021
Recent political debates, one on the arming
The next-generation fighter is a component of the
FCAS, which also includes unmanned systems,
of unmanned air vehicles and another on the country’s continuing
legacy fighters and the combat cloud.
role in nuclear deterrence, appear to reinforce this.
But the Future Combat Air System (FCAS), which Germany is
developing jointly with France and Spain, calls for the creation of an advanced combat aircraft and the use of unmanned remote carriers and advanced weapons. These will all be linked together in an airborne network—a combat
cloud—while artificial intelligence (AI) will analyze target and mission data to support the decisions taken by the
human pilot, whose task will ultimately more likely be that of a mission commander.
But the inclusion of such technology is prompting questions about the level of human influence in the system and
concerns that it could lead to a flying killing robot.
Now, in an unusual step, Airbus and the Bonn, Germany-based Fraunhofer Institute for Communication, Information Processing and Ergonomics have established an independent panel of experts who will help set ethical and
internationally applicable legal guidelines for the FCAS.
“For the first time in the history of Germany, a major defense policy project is accompanied from the start by the
intellectual struggle for the technical implementation of basic ethical and legal principles—ethical and legal compliance by design,” says professor Reimund Neugebauer, president of the Fraunhofer Society.
The panel is calling for the human to remain in the loop of an FCAS engagement process, even in a high-workload environment, a point stressed by Brig. Gen. Gerald Funke, Germany’s FCAS program leader. Germany, he says,
would not accept a “technical interpretation that would allow a system to have another human being killed simply by
computing an algorithm.”
“Fighting at machine speed is accompanied by a real risk of escalation. So it is prudent that we keep
humans as circuit breakers,” Frank Sauer, a senior researcher at the University of the Bundeswehr [German
Armed Forces] in Munich told a virtual meeting of the panel on May 14. “From an ethical point of view, delegating kill decisions is unacceptable and goes against fundamental human values . . . including the principle
of infringing on human dignity. If Europe gets it right, this could be sending an important signal to the rest
of the world,” he added.
Findings from the forum will feed into the development of the system, Airbus FCAS Chief Engineer Thomas Grohs
told the forum.
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Currently, the design of the system is driven by “rules of engagement and concepts of operations,” influenced
by technical, legal and safety requirements, Grohs said. “But I have very limited requirements which are driven by
ethical requirements,” he added. One of the challenges, he suggested, could be the development of a flexible neural
network that could be trained about behaviors that may differ among different users.
He said there would need to be “decisive break points” in the process of sensing a threat, selecting an effect to deal
with the threat and then conducting the engagement. But those requirements, Grohs said, still need to be “plotted out.”
Work is also underway to better understand the role of the human in the cockpit. That role will be complicated by
the need to operate and monitor the activities performed by the remote carriers rather than just fly the fighter.
Questions remain about what the autonomous systems would do when cut off from the wider network cloud,
perhaps through jamming or hacking: Should they go on to complete the mission with their original instructions
based on rules of engagement, or pause and wait until communication can be reestablished, by which time fleeting
time-sensitive targets may have escaped? Similar questions are being asked by the U.S., which has proved through its
Have Raider 2 studies that unmanned platforms could perform a strike mission autonomously, with onboard sensors
used to identify a target and release weapons to strike it.
And will the other FCAS nations follow in Germany’s footsteps?
Significant differences already exist in the operating doctrines between Germany and France, and the same goes for
their approaches to the use of autonomy in AI and warfare.
“The divergences between France and Germany are amongst the most pronounced in Europe. All of this is in flux.
At the moment France appears more open to autonomy and AI in warfare and Germany more cautious,” says Ulrike
Franke, a military technology expert with the European Council on Foreign Relations.
“One of the challenges for the FCAS project will be how to reconcile these positions,” she adds.
Development of the FCAS is moving forward. In early May, the German, French and Spanish air chiefs agreed on
the operational criteria for judging the planned combination and balance of fighters and remote carriers, with a final
decision expected to emerge in mid-2021 at the conclusion of conceptual studies. Demonstrators of the future fighter,
its engine and the remote carriers will take to the air in 2026.
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AFRL’s Skyborg Program To Develop Unmanned Wingman With ‘AI Brain’
Graham Warwick & Steve Trimble

A

Copyright © 2020, Informa. All rights reserved. | Terms & Conditions

CREDIT: KRATOS DEFENSE

n alarm has sounded within the U.S.
Air Force over the scale and pace of
China’s investment in artificial intelligence
(AI) and the possibility that its aircraft could
encounter smart, autonomous defenses in a
future conflict.
One response to that realization is Skyborg, an Air Force Research Laboratory
(AFRL) program to rapidly develop and
potentially field an unmanned combat air
vehicle (UCAV) that can be used to gain
experience with increasingly complex autonomy and AI capabilities.
Developed under the AFRL’s Low-Cost Attritable Aircraft
Technology program and now in flight test, Kratos’ XQ-58A Valkyrie
The evocatively named Skyborg is another
is a potential platform for Skyborg.
aspect of the overarching concept of the “loyal
wingmen,” reusable unmanned aircraft that can
augment the capabilities of expensive manned platforms but are inexpensive enough to be sent into harm’s way to
improve the survivability of those manned aircraft.
Skyborg was initiated in October 2018 by the AFRL’s Strategic Development Planning and Experimentation Office.
A capability request for information (CFRI) was released on March 15 to assess industry’s ability to develop a fighter-like autonomous vehicle with an “AI brain” that could be operational within five years.
“We’ve been given an overall objective to have an early operational capability [EOC] prototype fielded by the end of
calendar year 2023. So this is our step in determining what the current state of the art is from a technology perspective,” says Ben Tran, Skyborg program manager. The question the AFRL wants to answer is: “How can we leverage
some of the mature technology to provide that EOC in 2023?” he says.
The CFRI describes Skyborg as “a modular, fighter-like aircraft that can be used to quickly update and field iteratively more complex autonomy.” The AFRL is looking for a complete vehicle/autonomy concept that can be developed
on an accelerated timescale. Plans call for a first flight in fiscal 2021. Skyborg could be a new platform or based on an
existing aircraft such as the Kratos XQ-58 or Boeing’s unmanned QF-16.
The XQ-58 is already demonstrating technology for inexpensive UCAVs. “We know that low-cost, attritable, unmanned air vehicles are one way to bring mass to the fight when it comes to addressing potential near-peer engagements in the future,” says Tran.
“We also know there is heavy investment by our near-peer adversaries in artificial intelligence and autonomy in
general. And we know that when you couple autonomy and AI with systems such as low-cost attritable [UCAVs], that
can increase capability pretty quickly and be a force multiplier for our Air Force,” he says. “So the 2023 goal line is our
attempt to bring something to bear in a relatively quick time frame to show that we can bring that kind of capability
to the fight.”
EOC in the case of Skyborg means a platform that can be used for early military operational utility evaluation in
2023. Whether the system developed by the AFRL will be deployed to a combat command is “currently being debated
by Air Force leadership,” Tran says.

PAGE 22

SPECIAL TOPIC

AUTONOMOUS TECHNOLOGIES

CREDIT: U.S. AIR FORCE

The program’s goal is to develop a platform that can be used to gain operational experience with increasingly
complex autonomous capabilities. “We see Skyborg as a sort of vessel for AI technologies that could range from
rather simple algorithms to fly the aircraft and control them in the airspace . . . to more complicated AI,” says Matt
Duquette, a researcher with the AFRL’s Aerospace Systems Directorate. “Once the system is in place, you could introduce more and more complex levels of AI to accomplish certain tasks or subtasks in a mission.”
Skyborg builds on AFRL programs such as Have Raider and the Automatic Ground Collision Avoidance System
(Auto-GCAS), which have shown that “levels of autonomy in high-performance aircraft are not only possible, but
they are practical,” Duquette says. “And that is why we are building on this foundation to do more of the mission-level
capabilities.”
Under Have Raider, Lockheed Martin in 2017 demonstrated manned/unmanned teaming using an F-16 as a surrogate UCAV. Auto-GCAS is fielded on the F-16 and is being integrated on the F-35 to prevent controlled flight into
terrain, and the Air Force views it as a first step on the autonomy road map.
Current autonomy algorithms are deterministic, meaning that a particular input always produces the same output.
Bringing in AI, and machine learning, will require development of new techniques to assure the vehicle always behaves in a safe manner as it learns and adapts. This will be critical to building trust in an AI-driven loyal wingman.
“We want to start flight testing and begin, step-by-step, implementing higher-level, complex autonomy to understand what the issues are and how we build trust to the point where people start to feel comfortable with things like
airworthiness and flight-safety approval,” says Maj. Ryan Carr with the AFRL’s Aerospace Systems Directorate.
“One of the important parts of our autonomy development is building assurance into the system,” says Duquette.
“There are two ways to do that. Either by using formal methods where at design time, as you develop autonomous
capabilities, you guarantee certain behaviors. The other more practical approach is to assess these behaviors as they
are running on the aircraft.” This is known as run-time assurance.
“Those are the capabilities we are interested in looking at from an experimentation level, to see what type
of assurance we need in the system,” Duquette says.
This will include assessing whether the system can run
a mix of software with high and low criticality.
“The common use of the term ‘AI’ is geared more
toward machine-learning,” says Tran. “But what
remains to be seen is exactly how much of this AI do
you really need to accomplish the mission?”
“Machine learning has progressed a lot over the
last few years . . . [and] we’re excited by things that
are going on in the gaming industry, for example,
and we expect that technology to continue to mature
fairly rapidly,” says Carr. “What we really need to
understand is how you take that and do something,
The U.S. Air Force 412th Test Wing’s Emerging
bring it into the real world and fly with it. What we want
Technologies Combined Test Force began flight-testing
autonomy technologies using small unmanned aircraft
to focus our attention on in this early period is how we
systems at Edwards AFB, California, in February.
take something that is growing so fast and bring it into
the military safely and effectively.”
Autonomy and AI will be a challenge not only for development and certification, but to the testing community. So,
as a part of Skyborg, the AFRL has partnered with the Air Force’s 412th Test Wing at Edwards AFB, California, to
gain early experience using small, fast-moving unmanned air vehicles.
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“There is a kind of Air Force culture change that we are trying to implement with the testing community,” says Tran.
“For example, say we were to have four XQ-58s with a high level of autonomy and hand them over to the development
test (DT) and operational test (OT) community. Right now we don’t have any procedures and processes in place to fly
those on our test ranges and have four flying autonomously and collaborating in the air to do any sort of mission.”
The AFRL is working with the test wing’s new Emerging Technologies Combined Test Force to start to test the
current state of the art in autonomy and AI with small UAVs “and [assess] the ability for them to autonomously team
and collaborate in flight,” says Tran.
“By starting small it’s a lower-risk, lower-cost approach, and not only will be able to scale the technology of what
we fly, but we’ll also be able to scale the associated processes from a DT and OT perspective and start getting buy-in
from the Air Force—not only from the test community but also the operational community—as we go out and fly
this technology,” he says.
The CFRI lays out the AFRL’s requirements for Skyborg. Critical requirements the system must meet include an
open AI software architecture that allows autonomous behaviors to be added, conformance with Open Mission System standards so modular mission hardware can be added and the ability to meet the certification requirements for
U.S. military operation.
The platform has to be autonomous, defined as the ability to independently compose and select among different
courses of action to accomplish goals; resilient, with characteristics that increase survivability; and attritable, meaning
priced at a point where losing the vehicle to achieve an objective can be tolerated. An attritable vehicle is reusable, but
can have a higher probability of failure and lower service life than a conventional aircraft.
Highly desired requirements the system should have include the ability to autonomously take off, avoid other
aircraft, terrain, obstacles and weather, and return; separate payload and vehicle architectures to allow for modular
adaptability; and mission-planning software that ingrates with the Air Force’s next-generation planning tools. A
desired requirement, which a robust Skyborg system could have, is to “operate with personnel who have limited engineering or pilot experience,” says the CFRI.
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