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Sensing Safety
Lidar shows potential 
in autonomous flight, 
landing and navigation 
without GPS

R eliably detecting hazardous 
wires, evaluating terrain for 
safe landings and operating 

without GPS are the latest challenges 
to be tackled by a U.S. Navy-funded re-
search program to develop the capabil-
ity for any rotorcraft to autonomously 
perform cargo resupply missions in 
adverse conditions.

The Office of Naval Research’s Au-
tonomous Aerial Cargo/Utility System 
(AACUS) program is entering its third 
phase, having begun in fiscal 2012. Auro-
ra Flight Sciences was selected to con-
tinue development after a Phase 1 flight 
demonstration in 2014 that also involved 
a competing Lockheed Martin team.

Since that initial demonstration, 
the main objective of which was to fly 
and land safely in the presence of large 
static obstacles, the Aurora-led team 
has been working to enable AACUS to 
detect wires, handle complex landing 
zones, and operate without GPS in a 
constrained environment with moving 
obstacles, says Sanjiv Singh, CEO of 
sensor developer Near Earth Autonomy.

“We want to develop the rotorcraft 
equivalent of the self-driving car—full 
size, in austere and potentially hostile 
environments with unprepared land-
ing sites,” he said at the AHS Forum 
72 conference in West Palm Beach, 
Florida, in May.

“It is independent of the platform 
and transferable between aircraft. And 
autonomous does not have to mean un-
manned—it can be used as a pilot’s aid,” 
Singh says.

Near Earth built the lidar sensor 
in Aurora’s 2014 demonstration. With 
minimal training, a ground operator 
used a tablet to request a resupply mis-
sion. Responding, Boeing’s Unmanned 
Little Bird helicopter used the sensor to 
evaluate the landing zone 1 km (0.6 mi.) 
out, while flying at 100 kt., says Singh.

The system reconstructed the ter-
rain in 3-D, autonomously adjusted the 
trajectory to avoid trees and rejected 
the ground operator’s selected landing 
site as unsafe, picked a different one 
and informed the operator, then land-
ed in a whiteout—all without overflying 
the area before landing.

Since 2014, Near Earth has improved 
its sensor to try to reliably detect wires, 
characterize the terrain and use the sys-
tem for GPS-free navigation. The sensor 
has a gimballed laser scanner and for-
ward- and downward-looking cameras.

“Wires are the limiting case. They 
are the smallest obstacles and cause 
a large percentage of helicopter acci-
dents,” says Singh. “Laser hits on wires 
are very sparse and hard to distinguish 
from other spurious hits.” A potential 
solution is to combine a short/medium-
range laser with a visual sensor.

“When we get laser hits, we georeg-
ister them, compute the shape and how 
they group together to see if it is a wire. 
We can find wires at 1,500 ft., but that 
could be too close. We need to detect 
them farther away,” he says.

One problem is that the same laser is 
trying to clear a large volume ahead of 
the helicopter as it flies. “If we concen-
trated the sensor on an area we were 
flying through, we could detect wires at 
longer distances, but we have conflict-
ing requirements and we want to keep 
the sensor suite compact,” Singh says.

A forward-looking camera may be 
able to detect wires at around 5,000 ft. 
with few false alarms, he says. Wires 
are normally a certain distance from 
the ground, and a terrain database 
helps identify them. But lighting condi-
tions can vary significantly, making it 
harder to see wires.

In offline processing of camera 
images, the team has been able to 
demonstrate wire detection at 3,000-

5,000 ft., but more development and 
testing are required, he notes.

In evaluating landing zones, geomet-
ric factors such as roughness and slope 
are important. But reliably finding 
small obstacles under vegetation and 
classifying the terrain type—whether 
firm ground or a lily pond—are chal-
lenging, Singh says.

In flight tests using a Bell 206, the 
system has shown its ability to scan a 
complex area with pipes, wires, slopes 
and a ravine and find a safe area to land. 
But in standard lidar returns, “mud, al-
gae and lily pads can show up as OK to 
land on,” he says.

Near Earth is using the lidar’s reflec-
tions channel to detect moisture and 
training a classifier using “good and 
bad” flights. By looking at a landing zone 
as it changes over time, Singh says, this 
semantic evaluation technique “shows 
areas that are safe to land consistently 
even though it changes visually.”

The team also plans to look at ther-
mal imaging for semantic classification 
of landing sites. As for small objects, the 
lidar can find 1-ft. obstacles at 900 ft. in 
a complex landing zone, but the 8-in. ob-
jects targeted by AACUS are still hard 
to locate, says Singh.

An AACUS goal is to fly a complete 
mission without GPS. The team is look-
ing at two approaches: feature-based vi-
sual odometry and motion estimation 
using a camera and altimeter; and map-
ping using the lidar pointing downward 
and a digital elevation model (DEM).

Both techniques are used to update 
the helicopter’s inertial measure-
ment unit (IMU). Tests have evalu-
ated lidar-DEM odometry, including 
a 106-nm flight without GPS in which 
the helicopter landed with a 146-ft. 
navigation error.

The maximum error en route was 
256 ft., Singh says, because the lidar 
cannot penetrate vegetation, which is 
not included in the 3-meter-resolution 
(10-ft.) DEM terrain maps. A 30-nm 
three-leg flight landed with a final error 
of 14 ft. and a maximum error of 222 ft.

“For long-distance navigation, DEM-
IMU updated by lidar can achieve bet-
ter than 200 ft. We can augment that 
with visual odometry if the helicopter is 
flying fast,” he says, adding that visual 
odometry error is typically 1% or less of 
the distance flown. c
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Boeing’s Unmanned Little Bird 
lands autonomously using Aurora’s 
Phase 1 AACUS system.


