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AUTONOMOUS EMERGENCY FLIGHT
MANAGEMENT SYSTEM FOR AN
UNMANNED AERIAL SYSTEM

CROSS-REFERENCE TO RELATED PATENT
APPLICATION(S)

[0001] This patent application claims the benefit of and
priority to U.S. Provisional Patent Application No. 62/274,
816, filed on Jan. 5, 2016, the contents of which are hereby
incorporated by reference in their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] The invention described herein was made by
employees of the United States Government and may be
manufactured and used by or for the Government of the
United States of America for governmental purposes without
the payment of any royalties therecon or therefore.

FIELD OF THE INVENTION

[0003] The present invention generally relates to emer-
gency flight control, and more specifically, to an autono-
mous emergency flight management system that finds safe
and clear landing sites for unmanned aerial systems (UASs)
in emergency situations.

BACKGROUND OF THE INVENTION

[0004] As UASs become more prevalent in the National
Airspace System (NAS), operations by commercial industry,
science missions, and hobbyists are desired to extend to
urban environments. The Federal Aviation Administration
(FAA) requires proof of safe operations to a very high
degree of confidence to authorize use of any aircraft over
populated areas. Without a pilot to provide decision support
for emergency situations, however, UASs will have to rely
on an on-board autonomous emergency management system
to select a safe landing site with a landing site selection
module, direct the possibly disabled vehicle to that site, and
inspect the area to ensure it is clear of people and assets.
[0005] Considerable resources are currently being
expended to evolve the UAS flight management systems for
their intended missions for large UASs (e.g. heavier than 55
pounds). However, there is a need for an improved approach
to performing emergency flight management, particularly as
UASs become more prevalent and are used for more appli-
cations.

BRIEF SUMMARY OF THE INVENTION

[0006] Certain embodiments of the present invention may
provide solutions to the problems and needs in the art that
have not yet been fully identified, appreciated, or solved by
conventional emergency flight management systems. For
example, some embodiments of the present invention per-
tain to an autonomous emergency flight management system
that finds safe and clear landing sites for UASs in emergency
situations. The UAS may then be landed or crashed, depend-
ing on its operational capabilities, at the landing site (i.e.,
landing site). In some embodiments, safe landing sites may
be found for small UASs, which are defined as any UAS
weighing less than about 50 pounds. This may be particu-
larly beneficial in populated areas. In order to operate in
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populated areas, UASs should be designed to meet a specific
level of reliability to achieve an equivalent level of safety to
manned aircraft operations.

[0007] Manned aircraft are designed to meet certain levels
of reliability to fly over populated areas. The pilot on the
aircraft can intervene when required to make a safe emer-
gency landing when needed. The ability of the pilot to do
this likely reduces the required level of reliability of the
aircraft to fly over populated areas. A similar relationship is
anticipated with UASs with the ability to autonomously
select, fly-to, verify, and land safely, likely contributing
towards overall combined reliability and safety of the
vehicle.

[0008] Some embodiments support fully autonomous
emergency landings to allow UASs to meet the reliability
requirements for FAA certification. The system in some
embodiments includes a precompiled database of adequate
landing sites, along with a vision system that to verifies that
the site is adequate at the time of use (i.e., verify the site is
where it is supposed to be and that it is clear of people and
obstructions). Given the small and relatively low cost nature
of small UASs, the system of some embodiments provide
beneficial aspects by being small, low cost, and not sub-
stantively impacting the payload or performance of the
UAS.

[0009] In an embodiment, a computer-implemented
method includes identifying, by a computing system, an
emergency condition and a type of impairment for an
unmanned aerial system (UAS). The computer-implemented
method also includes determining, by the computing system,
control and flight capabilities of the UAS. The computer-
implemented method further includes selecting a landing
site, by the computing system, and landing or crashing the
UAS at the landing site, by the computing system.

[0010] In another embodiment, a computer program is
embodied on a non-transitory computer-readable medium.
The program is configured to cause at least one processor to
identify an emergency condition and a type of impairment
for a UAS and determine control and flight capabilities of
the UAS. When map data is available and at least one
landing zone is in the map data, the computer program is
also configured to cause the at least one processor to check
for a reachable landing zone and select the reachable landing
done. The computer program is further configured to cause
the at least one processor to determine a path to the landing
zone based on the control and flight capabilities of the UAS
and control the UAS to travel along the determined path to
the landing zone. Additionally, the computer program is
configured to cause the at least one processor to select a
landing site and land or crash the UAS at the landing site.

[0011] In yet another embodiment, an apparatus includes
memory storing computer program instructions and at least
one processor configured to execute the computer program
instructions. The at least one processor is caused to identify
an emergency condition and a type of impairment for a UAS
and determine control and flight capabilities of the UAS.
The at least one processor is also caused to check for a
reachable landing zone, determine a path to the landing zone
based on the control and flight capabilities of the UAS, and
control the UAS to travel along the determined path to the
landing zone. The at least one processor is further caused to
select a landing site and land or crash the UAS at the landing
site.
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[0012] These and other features, advantages, and objects
of the present invention will be further understood and
appreciated by those skilled in the art by reference to the
following specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0013] In order that the advantages of certain embodi-
ments of the invention will be readily understood, a more
particular description of the invention briefly described
above will be rendered by reference to specific embodiments
that are illustrated in the appended drawings. While it should
be understood that these drawings depict only typical
embodiments of the invention and are not therefore to be
considered to be limiting of its scope, the invention will be
described and explained with additional specificity and
detail through the use of the accompanying drawings, in
which:

[0014] FIG. 1 is a flow diagram illustrating conditional
logic of an emergency flight management system, according
to an embodiment of the present invention.

[0015] FIG. 2 is a side perspective view illustrating an
embodiment of an emergency flight management system of
the present invention.

[0016] FIG. 3 is an architectural diagram illustrating a
UAS emergency flight management system, according to an
embodiment of the present invention.

[0017] FIG. 4 is an architectural diagram illustrating a
prototype UAS emergency flight management system and
test sequence, according to an embodiment of the present
invention.

[0018] FIG. 5 is a computer-generated map image with
overlays for a landing zone, flight path waypoints, and
landing sites, according to an embodiment of the present
invention.

[0019] FIG. 6 is a flowchart 600 illustrating a process for
performing emergency flight control, according to an
embodiment of the present invention.

[0020] FIG. 7 is a block diagram illustrating a computing
system configured to implement an emergency flight man-
agement system, according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] Some embodiments of the present invention per-
tain to an autonomous emergency flight management system
that finds safe and clear landing sites for UASs in emergency
situations. In some embodiments, emergency flight manage-
ment software resides on an onboard computing system. The
computing system may continuously look at internal data-
bases and input from other systems (e.g., a global position-
ing system (GPS), camera, compass, radar, sonar, etc.).
Naturally, many small UASs will not have all of these
systems in order to reduce cost and complexity. The emer-
gency flight management system of some embodiments may
make decisions on its own without human intervention. For
instance, a database may provide some local likely candi-
dates for landing sites. Information associated with the
candidates may include, but is not limited to, latitude,
longitude, altitude for top of a building, etc. Position updates
may be continuously provided from an autopilot or other
suitable system.
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[0022] The emergency flight management system may
also take in inputs from a health management system and a
vision system, if they exist. Internally, the emergency flight
management system may monitor state of health (e.g.,
battery health, controllability health, etc.). When the UAS
cannot complete mission and/or cannot return home, the
emergency flight management system may activate an emer-
gency management mode. In this mode, the emergency
flight management system may compare where the position
of the UAS is relative to optional landing sites, use internal
triaging logic to determine which landing sites are better
choices (e.g., less occupied, fewer obstacles, etc.), compare
local landing sites to how far the UAS can travel, and
quickly lay in a route for the UAS to the landing site.
[0023] If the UAS has an onboard camera system, as it
approaches the landing site, the emergency flight manage-
ment system may compare what the camera captures with
what it anticipated to find. For instance, if motion inputs
indicate people are present, the emergency flight manage-
ment system may cause the UAS to maneuver so as not to
hit people, cars, etc. For instance, in some embodiments, the
emergency flight management system may be able to cause
the UAS to tactically maneuver about 20 feet to the left or
right, etc.

[0024] The emergency flight management system may
incorporate adaptive controls to enable the UAS to fly with
some kind of impairment. For instance, if the UAS is a fixed
wing aircraft that can only turn one direction due to an
impairment, the emergency flight management system may
take that impairment into account such that it only turns in
the direction in which it is capable of turning. In other
words, the emergency flight management system may
change the way the vehicle flies. Other examples include,
but are not limited to, when a UAS has one or more rotors
or propellers that have failed, the UAS is experiencing
erratic yaw, the UAS is not capable of climbing, the UAS is
listing to one side due to only partial power in a rotor, etc.
[0025] In certain embodiments, the emergency flight man-
agement system may fly the UAS home with limited con-
trollability due to its impairment condition. However, this
may not be desirable for some applications since this could
present more risk. For instance, presence of one impairment
could indicate a broader problem, and more impairments
may soon present themselves, potentially making the UAS
uncontrollable.

[0026] Perhaps the most common failure mode is a low
battery condition. In that case, the UAS would be able to
perform normal flight operations, but only for a limited
duration and distance. The UAS may safely set down and, if
it possesses the communications capabilities, transmit its
landing position to the owner so it can be retrieved. Other
failure modes could arise from the UAS losing operation of
a rotor or two, an uncommanded cargo shift, failed control
surfaces, failed servo(s), GPS unit failure, failure of sensors
for airspeed or altitude, etc. Some embodiments are able to
detect the type of failure condition, determine the type of
control that remains available, and adjust control of the UAS
during emergency flight mode accordingly.

[0027] Some embodiments may reduce the FAA’s dem-
onstrated required probability of failure minimum from
0.999999 (one in a million) to about 0.999 (one in ten
thousand). This would represent a tremendous cost savings
to vehicle designers at a minimum, and may allow an
otherwise uncertifiable vehicle to be certified. As noted






