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(57) ABSTRACT

Disclosed is an automatic climbing and gliding method of a
high altitude unmanned aerial vehicle (UAV). The disclosed
method includes setting a cylindrical virtual flight region so
that the high altitude UAV climbs and glides, setting a first
target point on an end of a first flight radius which is
vertically arranged to form the virtual flight region, setting
second to Nth target points at arbitrary second to Nth flight
radii sequentially arranged above or below the first flight
radius, having the target points have a predetermined plane
slope angle, and allowing the UAV to climb along a straight
path line sequentially connecting each of the target points.

4 Claims, 7 Drawing Sheets
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1
FLIGHT GUIDANCE METHOD OF HIGH
ALTITUDE UNMANNED AERIAL VEHICLE
FOR STATION KEEPING

RELATED APPLICATION

This application claims the benefit of priority of Korean
Patent Application No. 10-2015-0111477 filed Aug. 7, 2015,
the contents of which are incorporated herein by reference in
their entirety.

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates to a flight guidance method
of a high altitude unmanned aerial vehicle (UAV) for station
keeping, and more particularly, to a flight guidance method
of'a high altitude UAV for station keeping in which a straight
flight that connects points on the circle is used instead of a
circle turning flight (loitering) so that fatigue of a remote
pilot is reduced and the UAV is not lost due to a jet stream,
etc. when the high altitude UAV automatically flies toward
a destination of the stratosphere.

An unmanned aerial vehicle (UAV) is remotely controlled
by ground control equipment, which is controlled by a
remote pilot. Basically, the remote pilot controls altitude,
velocity, and an azimuth of the UAV by manipulating dials
(knobs). As a more automated method, the velocity and the
altitude are controlled by the same method and the azimuth
is controlled using a guidance method in which coordinates
of a target destination are input by touch panel and the UAV
is enabled to fly automatically to the destination. “Waypoint
navigation” is representative of such a guidance method. A
target point, which is coordinates of a target destination, is
a specific point disposed on a plane irrespective of altitude.

Since the azimuth is frequently manipulated compared
with the manipulation of the velocity and the altitude,
waypoint navigation is a method that reduces fatigue of a
remote pilot by automating the manipulation of the azimuth.

An automatic azimuth control method of waypoint navi-
gation has two functions, one is a “destination guidance”
function, also named LOS (line of sight), which fixes a target
point and flies to the target point and the other is a “turning
flight (loitering)” function, also named LOT (Loitering),
which flies along a constant circle for station keeping when
the target point is reached. Turning flight (LOT) is generally
implemented in a circle shape. The automatic azimuth
control method is a method in which, when a user moves the
target point to a different point during turning flight, the
UAV repeats turning flight after moving toward and reaching
the different point.

Meanwhile, in the case of a high altitude UAV, because a
wing span is large to enhance lift efficiency, a flight velocity
is very slow at about 25 km/h and a rate of climb also very
low at about 2 km/h. Because the UAV climbs very slowly,
it takes a long time, such as about 6 hours, to reach a high
altitude, such as the stratosphere of 12 km or more.

Further, in order to reach the stratosphere, the UAV passes
through a section of a jet stream of 50~100 km/h, and after
reaching the stratosphere, and it is necessary to perform
station keeping to maintain altitude and perform a work of
long term endurance.

A flying object having a very low speed as described
above may be wrecked due to fatigue failure of the flying
object by being stressed when an appropriate corresponding
action is absent to wind, may be blown by the wind and lost.
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Further, since the UAV should fly within an approved
flight area, the UAV having a low rate of climb reaches the
boundary of the flight area in a state in which the UAV
climbs a little altitude though climbing in straight flight, and
here, the UAV should be turned.

As described above, the remote pilot becomes very tired
due to 6 hours or more of individual manipulation corre-
sponding to the flight area and the wind until the UAV
reaches the target altitude.

Meanwhile, there is waypoint navigation, which is con-
ventionally used as a method in which the UAV automati-
cally climbs, flies and keeps station. However, waypoint
navigation has a disadvantage. When using “destination
guidance(LOS)” method in that case the pilot must input too
many points considering with various wind condition. When
using turning flight (LOT) method for station keeping, in
that in the case of being turning flight (LOT) after reaching
a target point, the target point is vague, and therefore the
UAV may drift when wind is strong. That is, because a
turning flight (LOT) method for station keeping, is imple-
mented to follow the trajectory of a circle and is a method
which decreases a distance between the location of the UAV
and a normal line of the trajectory of the circle, so the target
point does not exist on the trajectory of the circle. Therefore,
when wind having a faster speed than the UAV blows, the
UAV veers from the trajectory as a result of being pushed
and drifts due to not having a particular target point.

Further, because the method described above needs con-
stant turning flight, a control surface and an actuator are
continuously loaded and there is a disadvantage in that
energy consumption increases.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Korea Patent Unexamined Publica-
tion No. 10-2015-0066223

SUMMARY OF THE INVENTION

The present invention is directed to provide a flight
guidance method of a high altitude unmanned aerial vehicle
(UAV) for station keeping so that the UAV securely climbs
(or cruises, descends) in a determined flight area without
losing a target point although wind is strong when the high
altitude UAV automatically climbs to the stratosphere or
automatically glides from the stratosphere to ground.

For climb example, Embodiments of the present invention
includes flight guidance method of a high altitude unmanned
aerial vehicle (UAV) for station keeping, the method includ-
ing setting a cylindrical virtual flight region so that the high
altitude UAV climbs and glides, setting a first target point on
an cross point of a flight direction with designated flight
radius which is vertically arranged to form the virtual flight
region, setting second to Nth target points at designed (w.r.t
this invention) second to Nth flight radii sequentially
arranged above or below the first flight radius, and allowing
the UAV to climb along straight path lines sequentially
connecting each of the target points.

The path lines may have a predetermined plane slope
angle 0 therebetween, and the plane slope angle 6 may be
0°=0=90°. That is, the plane slope angle can be determined
based on the number of points on the circle.

A connecting shape of the path lines may be any one of
a line, a polygon or a star shape as seen in a plane view, but
the connecting shape is not limited thereto.
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When the UAV climbs and a flight direction of the UAV
is turned to a direction facing a wind due to a lateral
direction wind, the target point may be modified in a the
turned flight direction.

In the present invention, when a high altitude unmanned
aerial vehicle (UAV) automatically climbs to the strato-
sphere or glides from the stratosphere to ground or cruise at
stratosphere given area, the UAV climbs and glides in a state
of having a longest straight flight by setting a target point in
a determined flight area so that fatigue of a remote pilot can
be reduced.

Further, when blown backward by a strong wind, because
the UAV has a target point set for itself, the loss of the UAV
can be prevented by preventing drift.

Further, because the UAV climbs and glides in a state of
having a longest straight flight, a flying distance can be
effectively reduced and therefore energy consumption can
be decreased.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a flight trajectory diagram of climbing and
gliding of a high altitude unmanned aerial vehicle (UAV)
according to the present invention.

FIG. 2 is a diagram illustrating a flight direction when a
high altitude UAV according to the present invention is
positioned inside and outside a flight radius.

FIG. 3A is a perspective diagram illustrating a first type
diagram of a straight flight of a high altitude UAV according
to the present invention.

FIG. 3B is a plan diagram of FIG. 3A.

FIG. 4 is a second type diagram of a straight flight of a
high altitude UAV according to the present invention.

FIG. 5 is a third type diagram of a straight flight of a high
altitude UAV according to the present invention.

FIGS. 6A, 6B, 6C and 6D are diagrams illustrating
various types of flight paths when a flight radius is viewed
from the top.

FIGS. 7A, 7B and 7C are path correction diagrams when
a high altitude UAV according to the present invention is
affected by wind.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the present invention. As used herein, the sin-
gular forms “a,” “an,” and “the,” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
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Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings.

FIG. 1 is a flight trajectory diagram of climbing and
gliding of a high altitude unmanned aerial vehicle (herein-
after, abbreviated as “UAV”) according to the present inven-
tion.

Referring to FIG. 1, a flight region (a flight radius) of a
high altitude UAV 10 according to the present invention is
defined as a center and a radius, and the region is in a circular
shape.

The UAV 10 gradually climbs and glides or cruise while
flying straight along a predetermined numbers of target
points in the flight region. Likewise, when the UAV 10 flies
straight in the flight region, a climbing speed and gliding
speed are increased compared to a conventional turning
flight, and thereby fatigue of a control surface may be
decreased and energy consumption may be decreased.

Further, when the UAV 10 flies straight in the flight
region, even in the case of being pushed by a strong wind,
such as a jet stream, because the UAV 10 has a target point,
the UAV 10 may climb or glide while heading to the target
point without drifting. As described in the above method,
when the UAV 10 passes through the jet stream and the
intensity of the wind decreases, the UAV 10 may reach the
target point again.

FIG. 2 is a diagram illustrating a flight direction when a
high altitude UAV according to the present invention is
positioned inside and outside a flight radius.

Referring to FIG. 2, in a state in which an operational
mode of the UAV 10 is set and the UAV 10 is positioned
inside the flight radius, the UAV 10 flies toward a target
point on the end center of the flight radius while maintaining
a current flight direction, and when the UAV 10 is positioned
outside the flight radius, the UAV 10 is led toward a center
O of the flight radius, and as a result is positioned inside the
flight radius.

As described above, even when the UAV 10 is positioned
inside or outside the flight radius, because the UAV 10 is set
to induce flying straight toward the target point on the end
of flight radius or the center O thereof, the flight path may
be shortened compared to a conventional turning flight.

FIGS. 3A, 3B, 4 and 5 illustrate types of straight flights
of a high altitude UAV according to the present invention
inside a flight radius.

First, FIG. 3A is a perspective diagram illustrating a first
type diagram of a straight flight of a high altitude UAV
according to the present invention, and FIG. 3B is a plan
diagram of FIG. 3A.

As illustrated in FIG. 3A, in the present invention, a first
target point P, is set on the end of a virtual first flight radius
C, and second to N target points P,2 to P, are designed cross
point (intended turning back angle line with flight radii) on
the ends of second to N flight radii C,2 to C,, which are
sequentially disposed above or below the first flight radius
C, and are then vertically arranged to form a cylindrical
flight region, and target points have a certain planar reflec-
tion angle 0 between sequential target points, thereby allow-
ing the UAV 10 to climb or glide according to a straight
flight path sequentially connecting the target points.

Referring to FIG. 3B, when the UAV 10 continuously flies
straight within the first flight radius C, and reaches an
opposite point of the end of the second flight radius C,, the
UAV 10 is turned in a direction that is a reflected direction
which is perpendicular to or an acute angle with a tangent
line at the reached point, and flies straight. When the UAV
10 reaches the end of another flight radius again, the UAV
10 is turned in the same manner as described above. There-
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fore, the UAV 10 remains within the flight radius and flies
straight in the form of zigzag.

Here, an angle 6 between a virtual incident line L,
heading to the first target point P, of the target points and a
reflected line L, heading from the first target point P, to the
second target point P, being 0°<0<90° is preferable.

When the angle 0 between the incident line L, and the
reflected line [, is greater than 90°, because the flight
trajectory of the UAV 10 is close to a circle, fatigue may be
accumulated on a control surface and an actuator as in the
above described conventional problem, and a problem in
that energy consumption is increased occurs. Therefore, a
reflected angle should preferably be limited so that the sum
of'an incident angle and a reflected angle is smaller than 90°.

FIG. 4 illustrates a method of modifying a path to be
perpendicular (at a right angles) to a tangent line when the
UAV 10 reaches a tangent section of the circumference of
the flight radius which is a planar flight region. In this case,
the UAV 10 reciprocates along a diameter line inside the
flight radius.

FIG. 5 illustrates a method of modifying a path by adding
a predetermined acute angle (0y_g.oo) to an angle (0y,)
perpendicular with the tangent line when the UAV 10
reaches the tangent section of the end of the flight radius.

FIGS. 6A, 6B, 6C and 6D illustrate various types of flight
paths when a flight radius is viewed from the top.

FIG. 6A s a case in which the UAV 10 flies back and forth
to alternate two target points when the two target points are
designated. FIG. 6B is a case in which the UAV 10 flies
across the trajectory thereof in the form of a star shape when
five target points are designated. FIGS. 6C and 6D is a case
in which the UAV 10 flies along a line trajectory connecting
target points when four or more target points are designated.

These cases implement various types of flight cases
according to the number of target points and changes in
positions of the target points.

As the method described above is a basic operation mode
which does not consider a variable of wind, when the
intensity of wind increases, it is necessary to modify the path
with respect to the wind by modifying the path to the nose
of the UAV 10. A detailed description regarding this will be
as follows. FIGS. 7A, 7B and 7C are schematic diagrams
illustrating a method for modification of a path with respect
to wind.

As illustrated in FIG. 7A, when the intensity of wind
increases, the UAV 10 veers away from an existing path W,
and a nose of the UAV 10 is naturally turned in a direction
of the wind due to an effect of a vertical stabilizer.

When the wind is greater than a predetermined speed (for
example, 50% or more of a cruise velocity), a path angle
error is greater than a predetermined angle (for example, an
azimuth error angle of 45° or more), or a path error distance
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is greater than a predetermined distance (for example, 10
times a wing width), the target point P, is changed to a
current direction W, of the nose of the UAV 10.

When the UAV 10 reaches a changed target point P, a
target point P, which is 180° behind the UAV 10 is reset
unlike a case in which the wind is weak. Likewise, when the
wind is strong, the UAV 10 flies alternately to target points
P,, P,, and P; as illustrated in FIGS. 7A, 7B and 7C.

Meanwhile, although it is not illustrated in the drawings,
a buffer region is additionally set outside the flight region.
The buffer region is a region which is set to prevent the UAV
10 from mistakenly sensing that it has left the flight region
even when it is positioned at the boundary area of the flight
region.

The present invention has been described in detail with
reference to the exemplary embodiments. However, the
exemplary embodiments should be considered in a descrip-
tive sense only, and the invention is not limited thereto. It
should be apparent to those skilled in the art that various
modifications and improvements within the scope of the
invention may be made.

Simple modifications and alterations of the present inven-
tion fall within the scope of the present invention and the
scope of the present invention is defined by the accompa-
nying claims.

What is claimed is:

1. A flight guidance method of a high altitude unmanned
aerial vehicle (UAV) for station keeping, the method com-
prising:

setting a cylindrical virtual flight region so that the high

altitude UAV climbs and glides;

setting a first target at an arbitrary first flight radius from

a plurality of flight radii vertically arranged to form the
virtual flight region;

setting second to N” target points at second to N? flight

radii sequentially arranged above or below the first
flight radius; and
allowing the UAV to climb along straight path lines
sequentially connecting each of the target points;

wherein, when the UAV climbs and a flight direction of
the UAV is turned to a direction facing a wind by a
lateral direction wind, the target point is modified in the
turned flight direction.

2. The method of claim 1; wherein the path lines have a
predetermined plane slope angle 6 therebetween.

3. The method of claim 2, wherein the plane slope angle
0 is 0°=0=90°.

4. The method of claim 1, wherein a connecting shape of
the path lines is a line, a polygon or a star shape as seen in
a plane view.



