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qThe autonomous emergency landing algorithm was implemented 
on a small fixed-wing radio-controlled aircraft.

qThe algorithm was evaluated using the following protocol.
q Aircraft is piloted to desired altitude and then put into autonomous waypoint mode.
q Propeller is turned off to create a loss-of-thrust event.
q Emergency landing planner is activated and uses a pre-loaded map featuring no-fly-zones and a runway.
q Aircraft flies to the next way-point to give the planner enough time to find a path.
q Once a feasible landing plan is found, the plan is executed from the current way-point.
q Aircraft autonomously flies the new trajectory and lands at simulated runway.

qExperiment process was repeated three times to illustrate 
consistency of our approach.

qFlights were performed under ideal outdoor conditions.
 

qComplete loss of thrust can result from bird strikes, mechanical 
failures, or fuel exhaustion.

qGliding flight situations are dangerous and require rapid decision-
making.

qPilot must consider aircraft energy, runway locations, max/min 
landing speed, and danger to individuals on the ground.

qPilots on US Airways Flight 1548 only had 16s to act before the best 
landing site was out of range [1].

qAutonomous emergency landing algorithms are needed for 
unpiloted vehicles.

qSuch algorithms can also provide assistance or recommendations 
for piloted aircraft.

[1] Atkins, Ella. "Emergency Landing Automation Aids: An Evaluation Inspired by US Airways Flight 1549," AIAA 2010-3381. AIAA 
Infotech@Aerospace 2010. April 2010. 
This work was supported by the Laboratory Directed Research and Development program at Sandia National Laboratories, a multimission laboratory managed and operated by the National 
Technology and Engineering Solutions of Sandia LLC, a wholly owned subsidiary of Honeywell International Inc. for the U.S. Department of Energy’s National Nuclear Security Administration under 
contract DE-NA0003525. 

This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in the paper do not necessarily represent the views of the U.S. Department of 
Energy or the United States Government.

Attribute Value

Wingspan 877 mm

Length 688 mm

Mass 270 grams

qEmergency power-out landing has several key needs described 
below.

qAbility to consider aircraft energy.
qCapacity to account for nonlinear aerodynamics.
qIncorporate no-go zones to maximize safety of those on the ground.
qRapid (~s) generation of trajectories.
qOur approach incorporates CL-RRT, which is a sampling based 

planner that forward simulates through the control systems and the 
vehicle dynamics to build a tree from the start to the goal [2].

qWe use two different types of path-following controllers.
qLine of Sight Controller for lateral plane
qTotal Energy Control System (TECS) for longitudinal plane.

CL-RRT Glide Builds Tree More EfficientlyCL-RRT Algorithm (Baseline)

qDissipative Total Energy Control System
qSafe landing requires speeds that are neither too high or too low.
qNovel approach for regulating altitude while dissipating excessive 

energy. 
qEnables a gliding aircraft to reach lower altitudes quickly.

qLimited energy path cost heuristic.
qRemoves nodes that do not have sufficient 

energy to reach goal.
qEnables more efficient tree construction and 

faster motion planning.
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