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The next leap toward humans on 
the Red Planet could be a swarm of 

rotorcraft, deployed in midair to chart 
the surface. BY BROOKS MENDENHALL

IN A BOLD NEW PROPOSAL for exploring 
Mars, aerospace firm AeroVironment has unveiled 
Skyfall, a potential mission concept that would ditch 
the traditional lander and rover in favor of a swarm of 
six autonomous helicopter drones.

The proposed mission, announced July 24, would 
leverage the agility of autonomous rotorcraft like 
NASA’s Ingenuity, which operated on Mars from 2021 
to 2024. If it becomes reality, a Skyfall mission could 
reveal prime locations for future human missions and 
scientific investigations.

AeroVironment sees Ingenuity-like drones as ideal 
reconnaissance scouts, filling a gap between the global 
coverage of orbiters and the limited mobility of landers 
and rovers. The record for the longest distance covered 
by a rover, set by NASA’s Opportunity, is just over the 
length of a marathon, notes William Pomerantz, 
AeroVironment’s head of space ventures. “It’s sort of 
like if somebody came to planet Earth and saw down-
town Chattanooga and said, ‘Well, I guess that’s it. I’ve 
seen the whole planet.’ ”

Drones are the “mobility champion of Mars,” says 
Pomerantz, able to survey martian terrain in greater 
detail than orbiters and travel faster and farther than 
rovers — as well as traverse treacherous terrain that 
could prove impossible for a ground-based vehicle.

A radical new landing
The mission’s centerpiece is what its developers 
call the “Skyfall maneuver.” For decades, NASA 
has relied on complex entry, descent, and landing 
(EDL) systems. The multibillion-dollar Curiosity 
and Perseverance rovers, for instance, underwent 
completely autonomous EDLs with parachutes and 
a rocket-powered sky crane that winched the mas-
sive vehicles down on cables — a procedure famously 
called the “seven minutes of terror.”

Skyfall offers a simpler solution. 
Instead of a single, precious lander, an 
entry capsule would release the six heli-
copters during its descent through the 
thin martian atmosphere. The rotorcraft 
would then break away and fly them-
selves down to the surface under their 
own power, eliminating the need for an 
expensive and risky landing platform.

This concept is a direct 
evolution of the trailblaz-
ing Ingenuity helicopter, 
which hitched a ride to 
Mars’ surface aboard the 
Perseverance rover in 2021 
and became the first craft 
to achieve powered flight 
on another planet. AeroVironment collaborated with 
NASA’s Jet Propulsion Laboratory (JPL) in Pasadena, 
California, to build Ingenuity, which carried out 
72 flights as a scout for Perseverance before suffering 
mission-ending damage in early 2024.

A fleet of martian scouts
Ingenuity was a scrappy, eleventh-hour addition to 
its mission, built quickly and cheaply with a mindset 
that encouraged smart risks, says Pomerantz. For 
instance, its main flight computer ran off a com-
mercial chip used in smartphones like the Samsung 
Galaxy S5. Ingenuity’s success proved there was a 
“whole new way to explore Mars,” says Pomerantz.

Skyfall scales that idea up, building an entire mis-
sion around a fleet of its descendants. Each of the six 
Skyfall helicopters would operate independently, creat-
ing a distributed network of explorers. Their primary 
mission would be to search for the safest, most 
resource-rich landing sites for the first human mis-
sions to Mars. Armed with high-resolution cameras 
and ground-penetrating radar, they would be looking 
for two criteria, says Pomerantz: a surface flat enough 
to prevent a large lander from tipping, and easy-to-
access subsurface water ice. The ice would be a critical 
resource for both science and generating rocket fuel.

An entry vehicle carrying 
six helicopters descends 
through the martian 
atmosphere in this artist’s 
concept. The proposed 
Skyfall mission by 
AeroVironment would 
deploy the drone swarm 
in midair, allowing the 
craft to fly to the surface 
under their own power. 
AEROVIRONMENT

NASA used a rocket-
powered sky crane to 
lower the Perseverance 
rover (illustrated here) to 
the martian surface. This 
complex landing system 
stands in contrast to the 
Skyfall concept, which 
aims to reduce risk by 
having its helicopters land 
themselves. NASA/JPL-CALTECH
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These objectives also align with 
NASA’s science exploration strategy to 
“follow the water.” Any location where 
water once flowed could harbor evidence 
of past life, making these ice deposits 
prime targets for future scientific 
missions.

The helicopters could also undertake 
extended science campaigns, exploring 
areas inaccessible to rovers. Pomerantz 
notes they could fly up cliff faces or even 
descend into “skylights” — openings to 
subsurface lava tube caves that are key 
science targets as well as potential human 
shelters.

The right tool for the job
Of course, these lightweight drones are 
not a replacement for a full-scale mobile 
science laboratory like Perseverance. 
(With a mass of 1.8 kilograms, Ingenuity 
weighed just 4 pounds on Earth, or 
1.5 pounds in Mars’ weaker gravity.)

To answer geological questions, “you 
need a payload of instruments that are 
too heavy for helicopters,” says Melissa 
Rice, a planetary scientist at Western 
Washington University and a science 
team member for the Perseverance rov-
er’s Mastcam-Z camera system. Such 
instruments also require tools like drills 
and brushes to get under the layer of dust 
that covers the surface.

To replace scientific rovers entirely, 
drones would need to be scaled up to the 
size of a car, says Rice. One example of 
such an effort is NASA’s nuclear-
powered Dragonfly quadcopter, which 
is currently in development to explore 
Saturn’s moon Titan. But building a 
martian equivalent would be a chal-
lenge: The air at Mars’ surface is less 
than 1 percent the thickness of Earth’s, 
providing much less lift for aircraft. By 

contrast, Titan’s atmo-
sphere is 50 percent 
thicker than Earth’s, 
offering a much more 
forgiving flight 
environment.

Still, Rice sees huge 
advantages to rovers and 
helicopters working 
together on Mars. And 
the low payload capacity 
of helicopter drones is 
less of a concern if they 
are scouting for a human 
mission, she notes, as 
future astronauts could 
carry the necessary tools for detailed 
science investigations.

A flexible path forward
Skyfall’s biggest obstacles may not be 
technical, but budgetary. “It’s hard to 
envision how these exciting future pos-
sibilities can become a reality in the cur-
rent budget climate,” says Rice, pointing 
to the Trump administration’s proposed 
cuts to NASA’s science programs.

Pomerantz acknowledges the funding 
uncertainty, saying that “everybody’s 
crystal ball is hazy right now,” but he 
sees the mission’s adaptable cost struc-
ture as a key strength. He expects the 
biggest expenses would be the launch 
and cruise stage — items common to 
any Mars mission. In contrast, the 
Skyfall-specific hardware would be 
“quite inexpensive, on the scale of 
planetary exploration missions.” For 
comparison, the Ingenuity helicopter 
mission cost about $85 million, and 
Pomerantz says the Skyfall helicopters 
should be “substantially less expensive 
per helicopter.”

This low per-unit cost makes the 

mission highly flexible. 
Skyfall’s varied capabilities 
mean it could be funded 
in a variety of ways — as a 
traditional NASA-led mis-
sion, a more commercially-
focused contract, or even a 
hybrid model. For instance, 
NASA’s human exploration 
division might fund four 
helicopters to scout landing 
sites, while its science divi-
sion funds two others to 
conduct research in a dif-
ferent region.

If funding is secured, 
Pomerantz thinks Skyfall could launch 
as soon as 2028. Due to the orbital 
mechanics of Earth and Mars, launch 
windows only open once every 
26 months. “If we start soon-ish,” hitting 
the 2028 window is achievable, he says.

Pomerantz’s ultimate goal is to get 
Skyfall drones into the hands of the sci-
ence community. He points to the 
American Geophysical Union confer-
ence this December as a key opportu-
nity for collaboration, highlighting the 
meeting’s special session on aerial explo-
ration of Mars.

While personnel from AeroVironment 
and JPL will be present, Pomerantz 
stresses that the main objective is to fos-
ter collaboration among the researchers 
themselves, believing that “the best con-
cepts will come from the open exchange 
of ideas!” He hopes to plant a seed in 
their minds, asking them to dream big: 
“What if you had your own helicopter on 
Mars? What would you want to do?” 

LEFT: An autonomous 
helicopter flies over the 
martian surface in this 
illustration. Each drone in 
the proposed six-craft 
swarm would be able to 
survey terrain faster and 
farther than ground-based 
rovers, exploring areas 
that are otherwise 
inaccessible. AEROVIRONMENT

RIGHT: Skyfall’s six-
helicopter swarm would 
fan out from a central 
deployment zone to 
explore Mars, as shown in 
this illustration. This 
distributed approach 
would allow the mission 
to cover a wide area more 
rapidly than a single 
vehicle could. AEROVIRONMENT

Brooks Mendenhall is an Astronomy

magazine staff writer based in Chattanooga, 

Tennessee.


