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Abstract

A method for determining the heading of an unmanned aerial vehicle and an
unmanned aerial vehicle are provided. The method includes: acquiring a first heading
angle of an unmanned aerial vehicle by means of a first sensing system, and
acquiring a second heading angle of the unmanned aerial vehicle by means of a
second sensing system (S102); judging whether the second heading angle is valid
according to a comparing result (S104); and If the second heading angle is invalid,
determining the first heading angle as a current heading angle of the unmanned aerial
vehicle (S106).
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Method for determining heading of unmanned aerial vehicle and

unmanned aerial vehicle

Technical Field
The embodiments of the disclosure relate to the field of unmanned aerial vehicles,

and more particularly to a method for determining the heading of an unmanned aerial

vehicle and an unmanned aerial venhicle.

Background
To achieve autonomous navigation, the position and heading of an unmanned

aerial vehicle must be obtained. The position of the unmanned aerial vehicle is
generally obtained by a Global Positioning System (GPS), the heading of the
unmanned aerial vehicle is generally obtained by combining an electronic compass
and an Inertial Measurement Unit (IMU), or heading data is measured on the basis of
a Real-Time Kinematic (RTK) system.

The electronic compass is prone to heading errors due to interference itself. The
interference of the electronic compass is divided into two cases: one case is that the
unmanned aerial vehicle suddenly enters a strong magnetic field, e.g., suddenly
approaches a strong magnet, at this time, the measured heading suddenly has a
great jumping change, and in this case, a wrong heading is easily detected; another
case is a slow change error, for example, the unmanned aerial vehicle slowly
approaches a volcano or a mine (the voicano or the mine s magnetic, there is a
magnetic field, and as it is closer to a crater, the magnetic charge is stronger), in this
case, it is difficult to judge based on data of the inertial navigation itself and data of the
electronic compass; when using a dual-antenna RTK to measure the heading, in the
presence of few satellites, the measurement accuracy is poor, the noise is large, and
when positioning data cannot be transmitted to the RTK system, the heading cannot
pe detected.

In view of the problem in the conventional art of, when the heading angle is
measured by using an electronic compass or an RTK method, wrong measured

heading of an unmanned aerial vehicle caused by the influence of interference and

other factors, an effective solution has not been proposed yet.

CAN_DMS: \128757490\1 1 PN 10003 1GZIF
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Summary
The embodiments of the present invention provide a method for determining the

heading of an unmanned aerial vehicle and the unmanned aerial vehicle, intended to
solve the technical problem in the conventional art of, when the heading angle is
measured by using an electronic compass or an RTK method, wrong measured
heading of the unmanned aerial vehicle caused by the influence of interference and
other factors.

According to one aspect of an embodiment of the disclosure, a method for
determining the heading of an unmanned aerial vehicle i1s provided. The method may
iInclude that: a first heading angle of an unmanned aerial vehicle is acquired by means
of a first sensing system, and a second heading angle of the unmanned aerial vehicle
s acquired by means of a second sensing system; it is determined a included angle
between a first heading corresponding to the first heading angle and a second
heading corresponding to the second heading angle; and the included angle Is
compared with a preset threshold, thus the comparing result is acquired; it is judged
whether the second heading angie is valid according to a comparing result; and if the
second heading angle is invalid, the first heading angle is determined as the current
heading angle of the unmanned aerial vehicle. According to another aspect of the
embodiment of the disclosure, a storage medium Is also provided. The storage
medium may be characterized by including a stored program, wherein the program Is
run to control the storage medium to perform the method for determining the heading

of an unmanned aerial vehicle.

According to another aspect of the embodiment of the disclosure, a processor Is

also provided. The processor may be configured to run a program, wherein the

program is run to perform the method for determining the heading of an unmanned

aerial vehicle.
According to another aspect of the embodiment of the disclosure, an unmanned

aerial vehicle is also provided. The unmanned aerial vehicle may include a flight
control center, wherein the flight control center includes a flight controller, a first
sensing system, a second sensing system and a communication system; the first
sensing system is configured to acquire a first heading angle of the unmanned aerial
vehicle, and transmit first heading angle information to the flight controller; the second
sensing system i1s configured to acquire a second heading angle of the unmanned

aerial vehicle, and transmit second heading angle information to the flight controller;

CAN_DMS: \128757490\1 ) PN100031GZJF
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the flight controller includes a storage medium, which is configured to store a program,
where the program is run to. acquire the first heading angle of the unmanned aerial
vehicle by means of the first sensing system, acquire the second heading angle of the
unmanned aerial vehicle by means of the second sensing system, determine a
iIncluded angle between a first heading corresponding to the first heading angle and a
second heading corresponding to the second heading angle, compare the included
angle with a preset threshold, judge whether the second heading angle is valid
according to a comparing result, judge whether the second heading angle is valid
according to a comparing result, and if the second heading angle is invalid, determine
the first heading angle as a current heading angle of the unmanned aerial vehicle; and
the communication system is configured for communication between the flight
controller, the first sensing system and the second sensing system.

In the embodiments of the present invention, a current first heading angle of an
unmanned aerial vehicle is acquired by means of a first sensing system, and a current
second heading angle of the unmanned aerial vehicle is acquired by means of a
second sensing system; it is judged whether the second heading angle is valid
according to a comparing result; and if the second heading angle is invalid, the first
heading angle is determined as the current heading angle of the unmanned aerial
vehicle. The purposes of detecting whether the second heading angle obtained by the
second sensing system is valid and replacing the second heading angle with the first
heading angle obtained by using the first sensing system when the second heading
angle is invalid are achieved, thereby achieving the technical effects of guaranteeing
the heading accuracy of the unmanned aerial vehicle, improving the safety and
reliability of the unmanned aerial vehicle and avoiding a danger to the unmanned
aerial vehicle to make the unmanned aerial vehicle safely and stably fly. Thus, the
technical problem in the conventional art of, when the heading angle is measured by
using an electronic compass or an RTK method, wrong measured heading of the
unmanned aerial vehicle caused by the influence of interference and other factors is

solved.

Brief Description of the Drawings
The accompanying drawings described herein are used to provide a further

understanding of the disclosure, and constitute a part of the present application, and

the exemplary embodiments of the disclosure and the description thereof are used to
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explain the disclosure, but do not constitute improper limitations to the disclosure. In
the drawings:

Fig. 1 is a schematic diagram of a method for determining the heading of an
unmanned aerial vehicle according to an embodiment of the disclosure;

Fig. 2 1s a schematic diagram of a coordinate system according to an
embodiment of the disclosure;

Fig. 3 is a schematic diagram of an alternative method for determining the
heading of an unmanned aerial vehicle according to an embodiment of the disclosure;

Fig. 4 1s a schematic diagram of an alternative method for determining the
heading of an unmanned aerial vehicle according to an embodiment of the disclosure;

Fig. 5 is a schematic diagram of an apparatus for determining the heading of an
unmanned aerial vehicle according to an embodiment of the disclosure; and

Fig. 6 1s a schematic diagram of an unmanned aerial vehicle according to an

embodiment of the disclosure.

Detailed Description of the Embodiments
In order to make those skilled in the art better understand the solutions of the

disclosure, the technical solutions in the embodiments of the disclosure will be clearly
and completely described below with reference to the drawings in the embaodiments of
the disclosure. It is apparent that the described embodiments are only a part of the
embodiments of the disclosure, not all of the embodiments. On the basis of the
embodiments of the disclosure, all other embodiments obtained on the premise of no
creative work of those of ordinary skill in the art should fall within the scope of

protection of the disclosure.

It Is to be noted that the specification and claims of the disclosure and the terms
"first”, "second” and the like in the drawings are used to distinguish similar objects,
and do not need to describe a specific sequence or a precedence order. It will be
appreciated that data used in such a way may be exchanged under appropriate
conditions, in order that the embodiments of the disclosure described here can be
Implemented Iin a sequence other than sequences graphically shown or described
here. In addition, terms "include" and "have" and any variations thereof are intended
to cover non-exclusive inclusions. For example, it is not limited for processes,
methods, systems, products or devices containing a series of steps or units to clearly

list those steps or units, and other steps or units which are not clearly listed or are
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inherent to these processes, methods, products or devices may be included instead.

Embodiment 1
According to an embodiment of the disclosure, a method embodiment of a

method for determining the heading of an unmanned aerial vehicle is provided. It is to
be noted that the steps shown in the flowchart of the drawings may be executed in a
computer system including, for example, a set of computer-executable instructions.
Moreover, although a logic sequence I1s shown In the flowchart, the shown or
described steps may be executed in a sequence different from the sequence here
under certain conditions.

Fig. 1 is a schematic diagram of a method for determining the heading of an
unmanned aerial vehicle according to an embodiment of the disclosure. As shown in
Fig. 1, the method includes the steps as follows.

At step 5102, a first heading angle of an unmanned aerial vehicle is acquired by
means of a first sensing system, and a second heading angle of the unmanned aerial
vehicle Is acquired by means of a second sensing system.

At step S104, it is judged whether the second heading angle i1s valid according to
a comparing result.

Wherein before step S104. it is determined a included angle between a first
heading corresponding to the first heading angle and a second heading
corresponding to the second heading angle; and the included angle iIs compared with
a preset threshold, thus the comparing result i1s acquired.

At step S1006, if the second heading angle is invalid, the first heading angle is
determined as the current heading angle of the unmanned aerial vehicle.

In the embodiments of the disclosure, a first heading angle of an unmanned aerial
vehicle is acquired by means of a first sensing system, and a second heading angle of

the unmanned aerial vehicle is acquired by means of a second sensing system; it Is
judged whether the second heading angle 1s valid according to a comparing result;
and if the second heading angle is invalid, the first heading angle is determined as the
current heading angle of the unmanned aerial vehicle. The purposes of detecting
whether the second heading angle obtained by the second sensing system is valid
and replacing the second heading angle with the first heading angle obtained by using
the first sensing system when the second heading angle is invalid are achieved,
thereby achieving the technical effects of guaranteeing the heading accuracy of the

unmanned aerial vehicle, improving the safety and reliability of the unmanned aerial

CAN_DMS: 1128757490\ 3 PN 10003 | GZJF
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vehicle and avoiding a danger to the unmanned aerial vehicle to make the unmanned
aerial vehicle safely and stably fly. Thus, the technical problem in the conventional art
of, when the heading angle is measured by using an electronic compass or an RTK
method, wrong measured heading of the unmanned aerial vehicle caused by the
Influence of interference and other factors is solved.

In an alternative embodiment, the first sensing system includes a visual
positioning apparatus and a satellite positioning apparatus, and the second sensing
system includes an RTK apparatus and/or an inertial measurement apparatus.

Specifically, the satellite positioning apparatus may be a GPS; the RTK apparatus
may be an RTK system, where the RTK system may be a dual-antenna RTK system;
the inertial measurement apparatus may be an electronic compass, an IMU, or a
combination of an electronic compass and an IMU.

It is to be noted that the first sensing system i1s mainly configured to acquire the
first heading angle of the unmanned aerial vehicle, and in the case that the first
sensing system includes a visual positioning apparatus and a satellite positioning
apparatus, that is, the first heading angle of the unmanned aerial vehicle is acquired
by means of the visual positioning apparatus and the satellite positioning apparatus,
but the disclosure does not limit the adoption of the visual positioning apparatus and
the satellite positioning apparatus as a unique manner of acquiring the first heading
angle of the unmanned aerial vehicle, and the first heading angle of the unmanned
aerial vehicle may also be acquired by means of other apparatuses. Similarly, in
addition to the RTK apparatus and/or the inertial measurement apparatus, the second
heading angle of the unmanned aerial vehicle may be acquired by other apparatuses.

In an alternative embodiment, the first sensing system includes a first heading

measurement apparatus and a second heading measurement apparatus, and the

step of acquiring a first heading angle of an unmanned aerial vehicle by means of a
first sensing system in step $102 includes the operations as follows.

At step 5202, a speed of the unmanned aerial vehicle in a world coordinate
system is acquired by means of the first heading measurement apparatus, and a
speed of the unmanned aerial vehicle In a body coordinate system is acquired by |
means of the second heading measurement apparatus.

At step S204, the first heading angle is determined according to the speed in the
world coordinate system and the speed in the body coordinate system.

Specifically, the first heading measurement apparatus may correspond to the

CAN_DMS: \128757490\1 6 PN100031GZJF
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satellite positioning apparatus in the previous embodiment, that is, the speed of the
unmanned aerial vehicle in the world coordinate system is acquired by a satellite
positioning method. The second heading measurement apparatus may correspond to
the visual positioning apparatus in the previous embodiment, that is, the speed of the
unmanned aerial vehicle in the body coordinate system is acquired by a visual
method.

Specifically, the speed of the unmanned aerial vehicle in the world coordinate
system acquired by the first heading measurement apparatus may include a
northward speed and an eastward speed of the unmanned aerial vehicle in the world
coordinate system. The speed of the unmanned aerial vehicle in the body coordinate
system acquired by the second heading measurement apparatus may include a
speed of the unmanned aerial vehicle in an x-axis direction and a speed in a y-axis
direction in the body coordinate system.

In an alternative embodiment, the step of determining the first heading angle
according to the speed in the world coordinate system and the speed in the body
caordinate system in step S204 includes the operations as follows.

At step S302, a first trigonometric function value is determined according to the
speed In the world coordinate system and the speed in the body coordinate system.

At step S304, a second trigonometric function value is determined according to
the speed in the world coordinate system and the speed in the body coordinate
system.

At step S306, the first heading angle is determined according to the first
trigonometric function value and the second trigonometric function value.

Specifically, if the first trigonometric function value is a sine value, the second
trigonometric function value is a cosine value, the speed of the unmanned aerial
vehicle in the world coordinate system may include a northward speed and an
eastward speed of the unmanned aerial vehicle in the world coordinate system, and
the speed of the unmanned aerial vehicle in the body coordinate system may include
a speed of the unmanned aerial vehicle in an x-axis direction and a speed in a y-axis
direction In the body coordinate system, there is a certain relationship between the
speed of the unmanned aerial vehicle in the world coordinate system, the speed of the
unmanned aerial vehicle in the body coordinate system and the first heading angle,

which may be expressed as the following formula (1):

CAN_DMS: 12875743011 7 PN 10003 1GZJF
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Referring to Fig. 2, ¥ represents the world coordinate system, '~ represents

the northward speed of the unmanned aerial vehicle in the world coordinate system,

» represents the eastward speed of the unmanned aerial vehicle in the world

coordinate system, '. represents the speed of the unmanned aerial vehicle in the

x-axis direction in the body coordinate system, . represents the speed of the

unmanned aerial vehicle in the y-axis direction in the body coordinate system, and ¢
represents the first heading angle, that is, an included angle between the body

direction of the unmanned aerial vehicle and the north direction, where ', 1. 1.

and 'y are known terms, and ¢ is an unknown term. After converting the above

formula (1), the formula (2) shown below can be obtained:

In an alternative embodiment, the step of determining the first heading angle
according to the first trigonometric function value and the second trigonometric
function value in step S306 includes the operations as follows.

At step S402, it is judged whether the first trigonometric function value and the
second trigonometric function value are valid.

At step S404, if the first trigonometric function value and the second trigonometric
function value are valid, a first angle is calculated according to the first trigonometric
function value, and a second angle is calculated according to the second
trigonometric function value.

At step S406, a weighted average of the first angle and the second angle Is
calculated according to preset weights of the first angle and the second angle, and the
welghted average I1s determined as the first heading angle.

Specifically, when the first trigonometric function value and the second
trigonometric function value are valid, the first angle calculated according to the first

trigonometric function value under ideal conditions and the second angle calculated

CAN_DMS:\128757490\1 8 PN100031GZJF
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according to the second trigonometric function value should be equal and can be used
as the first heading angle, but since there is noise in the speed of the unmanned aerial
vehicle in the world coordinate system and the speed of the unmanned aerial vehicle
In the body coordinate system during actual measurement, the first angle calculated
according to the first trigonometric function value is not equal to the second angle
calculated according to the second trigonometric function value. When the first
heading angle Is obtained, in order to make the calculation result of the first heading
angle more accurate, weights corresponding to the first angle and the second angle
are preset in the present embodiment, and a weighted average of the first angle and
the second angle 1s taken as the first heading angle. Here, it is to be noted that the
preset weights corresponding to the first angle and the second angle may be
customized according to actual conditions.

Alternatively, if the first trigonometric function value is a sine value, the second
tngonometric function value i1s a cosine value, the speed of the unmanned aerial
vehicle In the world coordinate system may include a northward speed and an
eastward speed of the unmanned aernal vehicle in the world coordinate system, and
the speed of the unmanned aerial vehicle in the body coordinate system may include
a speed of the unmanned aerial vehicle in an x-axis direction and a speed in a y-axis
direction in the body coordinate system, the above formula (2) may be further

converted into the following formula (3):

3! R E : 3

COs ) =

J

" Y FE i i ;’;2 J 2: o Il * I :"
sind" v e

»d o
R O
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In the above formula (3), ¢ represents the second angle, ¢" represents the

first angle, the corresponding ¢ and ¢" can be obtained by obtaining an inverse
sine and an inverse cosine, and when the preset weights of the first angle and the

second angle are 50%, that is, the mean value of the first angle and the second angle

Is determined as the first heading angle, the formula for obtaining the first heading
angle ¢ is as follows:

(/ = (arccos '+ arcsind"y/ 2

In an alternative embodiment, the step of judging whether the first trigonometric

function value and the second trigonometric function value are valid in step S402

CAN_DMS: \128757490\1 9 PN 10003 1GZJF
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includes the operations as follows.

At step S502, a first inverse trigonometric function value of the first trigonometric
function value is acquired, and a second Iinverse trigonometric function value of the
second trigonometric function value is acquired.

At step S504, a difference between the first inverse trigonometric function value
and the second inverse trigonometric function value is calculated.

At step S506, it is judged whether an absolute value of the difference is smaller
than a preset angle.

At step S508, if the absolute value is smaller than the preset angle, it I1s
determined that the first trigonometric function value and the second trigonometric
function value are valid.

Here, it 1s to be noted that the preset angle may be customized according to
actual conditions.

In an alternative embodiment, the first trigonometric function value is a sine value,
and the second trigonometric function value Is a cosine vaiue.

In an alternative embodiment, the step of judging whether the first trigonometric
function value and the second trigonometric function value are valid in step $S402

includes the operations as follows.
At step S602, it is judged whether a sum of squares of the first trigonometric
function value and the second trigonometric function value is within a preset range.
At step S604, if the sum of squares is within the preset range, it iIs determined

that the first trigonometric function value and the second trigonometric function value

are valid.
Specifically, if the first trigonometric function value and the second trigonometric

function value are valid, the first heading angle obtained by the first trigonometric
function value and the second trigonometric function can be guaranteed to be valid,
and the second heading angle is replaced if the second heading angle is invalid,
thereby ensuring that the unmanned aerial vehicle can fly stably.

Specifically, If the first trigonometric function value is a sine value, the second
trigonometric function value is a cosine value, the speed of the unmanned aerial
vehicle in the world coordinate system may include a northward speed and an
eastward speed of the unmanned aeral vehicle in the world coordinate system, and
the speed of the unmanned aerial vehicle in the body coordinate system may include

a speed of the unmanned aerial vehicle in an x-axis direction and a speed in a y-axis

CAN_DMS' \128757490\1 10 PN100031GZJF



CA 03051611 201%-07-25

direction in the body coordinate system, a performance function formula may be
preset according to the above formula (3), the performance function formula is used to
judge whether the first trigonometric function value and the second trigonometric
function value are valid. Alternatively, the performance function formula may be a sum

of squares of the sine and cosine values, that is, the following formula:

) . Ii .t' .
foosins 8% cos™ 6
!

~F

where / represents a performance function value. Specifically, the accuracy of
the first heading angle can be determined by the size of f. As f is closer to 1, the first
trigonometric function value and the second trigonometric function value are valid,
and the first heading angle is more accurate. Due to the presence of speed noise,
alternatively, the preset range may be set between 0.9 and 1.1. When the sum of
squares of the first trigonometric function value and the second trigonometric function
value is within the range, it can be considered that the first heading angle determined
by the first trigonometric function value and the second trigonometric function value is
accurate. Here, it is to be noted that the preset range may be customized according to
actual conditions.

In an alternative embodiment, the method further includes a subsequent step as
follows. At step S108, if the second heading angle is valid, a weighted average of the
first heading angle and the second heading angle is calculated according to preset
weights of the first heading angle and the second heading angle, and the weighted
average is determined as the current heading angle of the unmanned aerial vehicle.

Specifically, when the second heading angle i1s valid, the first heading angle may
be used as the current heading angle of the unmanned aerial vehicle, or the second
heading angle may be used as the current heading angle of the unmanned aerial
vehicle, but in order to improve the accuracy of the current heading angle of the
unmanned aerial vehicle, the weights of the first heading angle and the second
heading angle may be preset, and the weighted average of the first heading angle and
the second heading angle is taken as the current heading angle of the unmanned
aerial vehicle. Here, it is to be noted that the preset weights respectively
corresponding to first heading angle and the second heading angle may be
customized according to actual conditions.

In an alternative embodiment, the step of judging whether the second heading

angle is valid according to a comparing result in step S104 includes the operations as

CAN_DMS: \128757490\1 11 PN10003 1GZF
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follows.
At step S702, it is determined whether the second heading angle Is wrong

according to the comparing result.

At step S704, if the second heading angle i1s wrong, it iIs determined that the
second heading angle is invalid.

In an alternative embodiment, the step of determining whether the secona
heading angle is wrong according to the comparing result in step S702 includes the
operations as follows.

At step S802, it is judged whether the included angle is greater than the preset
threshold.

At step S804, if the included angle between the first heading angle and the
second heading angle is greater than the preset threshold, it is determined that the
second heading angle is wrong.

Here, it is to be noted that the preset threshold may be customized according to
actual conditions. For example, the preset threshold may be set to 5 degrees, 10
degrees, etc. If an included angle between the first heading angle and the second
heading angle is greater than the preset threshold, it is indicated that the secona
heading angle is wrong, and the current heading of the unmanned aerial vehicle is
abnormal. If the included angle between the first heading angle and the second
heading angle is smaller than or equal to the preset threshold, it is indicated that the
second heading angle is correct and the current heading of the unmanned aerial
vehicle is normal.

In an alternative embodiment, the step of determining whether the secona
heading angle is wrong according to the comparing result includes the operations In

step S702 as follows.
At step S902, it is judged, within a preset time period, whether the included angie

continues to be greater than the preset threshold.
At step S904, if the included angle continues to be greater than the preset

threshold, it is determined that the second heading angle I1s wrong.

Specifically, if the included angle continues to be greater than the preset
threshold within a preset time period, it is indicated that the second heading angle Is
wrong, and the current heading of the unmanned aerial vehicle is abnormal. If the
included angle continues to be smaller than or equal to the preset threshold, 1t 1s

indicated that the second heading angle is correct and the current heading of the

CAN_DMS: \128757490\1 12 PN100031GZIF
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unmanned aernal vehicle is normal. Here, it i1s to be noted that the preset time period
may be customized according to actual conditions. For example, it may be set to 2
seconds.

In an alternative embodiment, the step of acquiring a first heading angle of an
unmanned aerial vehicle in step S102 includes that: at step S1002, the first heading
angle of the unmanned aerial vehicle is acquired at a preset frequency.

Here, It Is to be noted that the preset frequency may be customized according to
actual conditions.

In a specific embodiment, as shown in Fig. 3, the speed of the unmanned aerial
vehicle in the world coordinate system may be acquired by a first heading
measurement apparatus, and may specifically include northward and eastward
speeds of the unmanned aerial vehicle in the world coordinate system. Then, the
speed of the unmanned aerial vehicle in the body coordinate system is acquired by a
second heading measurement appératus, and may specifically include the speed of
the unmanned aerial vehicle in the x-axis and y-axis directions of the body coordinate
system. Then, according to a relationship between the speed of the unmanned aerial
vehicle in the world coordinate system, the speed in the body coordinate system and
the first heading angle, the first heading angle is determined according to the speed in
the world coordinate system and the speed in the body coordinate system, and the
accuracy of the first heading angle is judged according to a performance function
formula. If the value obtained according to the performance function formula is
between 0.9 and 1.1 at a preset time, it is indicated that the calculated first heading
angle Is accurate, and then as shown in Fig. 4, after the first heading angle is
determined according to the speed in the world coordinate system and the speed in
the body coordinate system, an included angle between the first heading angle and a
second heading angle acquired by a second sensing system including an RTK
apparatus and/or an inertial measurement apparatus can be calculated, and it iIs
judged whether the included angle is greater than a certain threshold value V1, such
as 5 degrees. If yes, it is indicated that the first heading angle is wrong, and the first
heading angle is used instead of the second heading angle. If not, it is indicated that
the current detected first heading angle is correct, the step of determining the first
heading angle according to the speed in the world coordinate system and the speed in
the body coordinate system can be returned, and the calculation and judgment steps

for the included angle between the heading angles calculated in two manners are
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continued.

Embodiment 2

According to the embodiment of the disclosure, a product embodiment of an
apparatus for determining the heading of an unmanned aerial vehicle is provided. Fig.
5 1s a schematic diagram of an apparatus for determining the heading of an
unmanned aerial vehicle according to an embodiment of the disclosure. As shown In
Fig. 5, the apparatus includes a first acquisition module, a first judgment module and a
first determination module, wherein the first acquisition module is configured to
acquire a first heading angle of an unmanned aerial vehicle by means of a first
sensing system, and acquire a second heading angle of the unmanned aerial vehicle
by means of a second sensing system; the first judgment module is configured to
judge whether the second heading angle is valid according to a comparing result; and
the first determination module is configured to determine, if the second heading angle
IS Invalid, the first heading angle as a current heading angle of the unmanned aerial
vehicle.

In the embodiment of the disclosure, the first acquisition module acquires a first
heading angle of an unmanned aerial vehicle by means of a first sensing system, and
acquires a second heading angle of the unmanned aerial vehicle by means of a
second sensing system; the first judgment module judges whether the second
heading angle is valid according to a comparing result; and If the second heading
angle is invalid, the first determination module determines the first heading angle as a
current heading angle of the unmanned aerial vehicle. The purposes of detecting
whether the second heading angle obtained by the second sensing system is valid
and replacing the second heading angle with the first heading angle obtained by using
the first sensing system when the second heading angle is invalid are achieved,
thereby achieving the technical effects of guaranteeing the heading accuracy of the
unmanned aerial vehicle, improving the safety and reliability of the unmanned aerial
vehicle and avoiding a danger to the unmanned aerial vehicle to make the unmanned
aerial vehicle safely and stably fly. Thus, the technical problem in the conventional art
of, when the heading angle is measured by using an electronic compass or an RTK
method, wrong measured heading of the unmanned aerial vehicle caused by the
iInfluence of interference and other factors is solved.

Here, it i1s to be noted that the first acquisition module, the first judgment module

and the first determination module may be run in a computer terminal as part of the
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apparatus, and the functions implemented by the modules may be executed by a

processor in the computer terminal, where the computer terminal may also be a
terminal device such as a smart phone (e.g., an Android phone, an 10S phone, etc.), a
tablet computer, a palm computer, a Mobile Internet device (MID), and a PAD.

In an alternative embodiment, the first sensing system includes a visual
positioning apparatus and a satellite positioning apparatus, and the second sensing
system includes an RTK apparatus and/or an inertial measurement apparatus.

In an alternative embodiment, the first sensing system includes a first heading
measurement apparatus and a second heading measurement apparatus. The first
acquisition module includes: a second acquisition module, configured to acquire a
speed of the unmanned aerial vehicle in a world coordinate system by means of the
first heading measurement apparatus, and acquire a speed of the unmanned aerial
vehicle in a body coordinate system by means of the second heading measurement
apparatus; and a second determination module, configured to determine the first
heading angle according to the speed in the world coordinate system and the speed in
the body coordinate system.

Here, it IS t0 be noted that the second acquisition module and the second
determination module may be run in a computer terminal as part of the apparatus, and
the functions implemented by the modules may be executed by a processor in the
computer terminal, where the computer terminal may also be a terminal device such
as a smart phone (e.g., an Android phone, an iOS phone, etc.), a tablet computer, a
palm computer, an MID, and a PAD.

In an alternative embodiment, the second determination module includes: a third
determination module, configured to determine a first trigonometric function value
according to the speed in the world coordinate system and the speed in the body
coordinate system; a fourth determination module, configured to determine a second
trigonometric function value according to the speed in the world coordinate system
and the speed in the body coordinate system; and a fifth determination module,
configured to determine the first heading angle according to the first trigonometric
function value and the second trigonometric function value.

Here, it Is to be noted that the third determination module, the fourth
determination module and the fifth determination module may be run in a computer

terminal as part of the apparatus, and the functions implemented by the modules may

be executed by a processor in the computer terminal, where the computer terminal
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may also be a terminal device such as a smart phone (e.g., an Android phone, an iOS
phone, etc.), a tablet computer, a palm computer, an MID, and a PAD.

In an alternative embodiment, the fifth determination module includes: a second
juagment module, configured to judge whether the first trigonometric function value
and the second trigonometric function value are valid; a first calculation module,
configured to calculate, if the first trigonometric function value and the second
trigonometric function value are valid, a first angle according to the first trigonometric
function value, and calculate a second angle according to the second trigonometric
function value; and a sixth determination module, configured to calculate a weighted
average of the first angle and the second angle according to preset weights of the first
angle and the second angle, and determine the weighted average as the first heading
angle.

Here, it is to be noted that the second judgment module, the first calculation
module and the sixth determination module may be run in a computer terminal as part
of the apparatus, and the functions implemented by the modules may be executed by
a processor in the computer terminal, where the computer terminal may also be a
terminal device such as a smart phone (e.g., an Android phone, an iOS phone, etc.), a
tablet computer, a palm computer, an MID, and a PAD.

In an alternative embodiment, the second judgment module includes: a third
acquisition module, configured to acquire a first inverse trigonometric function value of
the first trigonometric function value, and acquire a second inverse trigonometric
function value of the second trigonometric function value; a second calculation
module, configured to calculate a difference between the first inverse trigonometric
function value and the second inverse trigonometric function value; a third judgment
module, configured to judge whether an absolute value of the difference is smaller
than a preset angle; and a seventh determination module, configured to determine, if
the absolute value is smaller than the preset angle, that the first trigonometric function
value and the second trigonometric function value are valid.

Here, it is to be noted that the third acquisition module, the second calculation
module, the third judgment module and the seventh determination module may be run
In @ computer terminal as part of the apparatus, and the functions implemented by the
modules may be executed by a processor in the computer terminal, where the
computer terminal may also be a terminal device such as a smart phone (e.g., an

Android phone, an iOS phone, etc.), a tablet computer, a palm computer, a Mobile
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Internet device (MID), and a PAD.

In an alternative embodiment, the first trigonometric function value Is a sine value,
and the second trigonometric function value is a cosine value.

In an alternative embodiment, the second judgment module includes: a fourth
judgment module, configured to judge whether a sum of squares of the first
trigonometric function value and the second trigonametric function value 1s within a
preset range; and an eighth determination module, configured to determine, if the sum
of squares is within the preset range, that the first trigonometric function value and the
second trigonometric function value are valid.

Here, it 1s to be noted that the fourth judgment module and the eighth
determination module may be run in a computer terminal as part of the apparatus, and
the functions implemented by the modules may be executed by a processor in the
computer terminal, where the computer terminal may also be a terminal device such
as a smart phone (e.g., an Android phone, an 10S phone, etc.), a tablet computer, a
palm computer, an MID, and a PAD.

In an alternative embodiment, the preset range is 0.9 to0 1.1.

In an alternative embodiment, the determination apparatus further includes a
ninth determination module, configured to calculate, if the second heading angle is
valid, a weighted average of the first heading angle and the second heading angle
according to preset weights of the first heading angle and the second heading angle,
and determine the weighted average as the current heading angle of the unmanned
aerial vehicle.

Here, 1t Is to be noted that the ninth determination module may be run in a
computer terminal as part of the apparatus, and the functions implemented by the
modules may be executed by a processor in the computer terminal, where the
computer terminal may also be a terminal device such as a smart phone (e.g., an
Android phone, an 1I0S phone, etc.), a tablet computer, a palm computer, an MID, and
a PAD.

In an alternative embodiment, the first judgment module includes: a tenth
determination module, configured to determine whether the second heading angle is
wrong according to the comparing result; and an eleventh determination module,
configured to determine, if the second heading angle is wrong, that the second
heading angle is invalid.

Here, 1t Is to be noted that the tenth determination module and the eleventh
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determination module may be run in a computer terminal as part of the apparatus, and
the functions implemented by the modules may be executed by a processor Iin the
computer terminal, where the computer terminal may also be a terminal device such
as a smart phone (e.g., an Android phone, an 10S phone, etc.), a tablet computer, a
palm computer, an MID, and a PAD.

In an alternative embodiment, the eleventh determination module includes: a fifth
judgment module, configured to judge whether an included angle between the first
heading angle and the second heading angle Is greater than the preset threshold; and
a twelfth determination module, configured to determine, if the included angle
between the first heading angle and the second heading angle is greater than the
preset threshold, that the second heading angle is wrong.

Here, it is to be noted that the fifth judgment module and the twelfth determination
module may be run in a computer terminal as part of the apparatus, and the functions
implemented by the modules may be executed by a processor in the computer
terminal, where the computer terminal may also be a terminal device such as a smart
phone (e.qg., an Android phone, an IOS phone, etc.), a tablet computer, a palm
computer, an MID, and a PAD.

In an alternative embodiment, the eleventh determination module includes: a
sixth judgment module, configured to judge, within a preset time period, whether the
iIncluded angle continues to be greater than the preset threshold; and a thirteenth
determination module, configured to determine, If the included angle continues to be
greater than the preset threshold, that the second heading angle 1s wrong.

Here, it is to be noted that the sixth judgment module and the thirteenth
determination module may be run in a computer terminal as part of the apparatus, and
the functions implemented by the modules may be executed by a processor in the
computer terminal, where the computer terminal may also be a terminal device such
as a smart phone (e.g., an Android phone, an 105 phone, etc.), a tablet computer, a
palm computer, an MID, and a PAD.

In an alternative embodiment, the first acquisition module includes: a fourth

acquisition module, configured to acquire the first heading angle of the unmanned
aerial vehicle at a preset frequency.

Here, it is to be noted that the fourth determination module may be run in a
computer terminal as part of the apparatus, and the functions implemented by the

modules may be executed by a processor in the computer terminal, where the
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computer terminal may also be a terminal device such as a smart phone (e.g., an
Android phone, an i0S phone, etc.), a tablet computer, a palm computer, an MID, and
a PAD.

Embodiment 3

According to the embodiment of the disclosure, a product embodiment of a
storage medium Is provided. The storage medium includes a stored program, wherein
the program is run to control the storage medium to perform the method for
determining the heading of an unmanned aerial vehicle.

Embodiment 4

According to the embodiment of the disclosure, a product embodiment of a
processor Is provided. The processor is configured to run a program, wherein the
program is run to perform the method for determining the heading of an unmanned
aerial vehicle.

Embodiment 5

According to the embodiment of the disclosure, a product embodiment of a
terminal is provided. The terminal includes a first acquisition module, a first judgment
module, a first determination module and a processor, wherein the first acquisition
module is configured to acquire a first heading angle of an unmanned aenal vehicle by
means of a first sensing system, and acquire a second heading angle of the
unmanned aerial vehicle by means of a second sensing system; the first judgment
module is configured to judge whether the second heading angle is valid according to
a comparing result; the first determination module is configured to determine, if the
second heading angle is invalid, the first heading angle as a current heading angle of
the unmanned aerial vehicle; and the processor runs a program, where the program is
run to perform the method for determining the heading of an unmanned aerial vehicle
for data output from the first acquisition module, the first judgment module and the first
determination module.

Embodiment 6
According to the embodiment of the disclosure, a product embodiment of a

terminal is provided. The terminal includes a first acquisition module, a first judgment
module, a first determination module and a storage medium, wherein the first
acquisition module is configured to acquire a first heading angle of an unmanned
aerial vehicle by means of a first sensing system, and acquire a second heading angle

of the unmanned aerial vehicle by means of a second sensing system; the first
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judgment module is configured to judge whether the second heading angle is valid
according to a comparing result; the first determination module is configured to
determine, If the second heading angle is invalid, the first heading angle as a current
heading angle of the unmanned aerial vehicle; and the storage medium is configured
to store a program, where the program is run to perform the method for determining
the heading of an unmanned aerial vehicle for data output from the first acquisition
module, the first jJudgment module and the first determination module.

Embodiment 7

According to the embodiment of the disclosure, a product embodiment of an
unmanned aerial vehicle is provided. Fig. 6 illustrates an unmanned aernial vehicle
according to an embodiment of the disclosure. As shown in Fig. 6, the unmanned
aerial vehicle includes a flight control center, wherein the flight control center includes
a flight controller, a first sensing system, a second sensing system and a
communication system; the first sensing system is configured to acquire a first
heading angle of the unmanned aerial vehicle, and transmit first heading angle
information to the flight controller; the second sensing system is configured to acquire
a second heading angle of the unmanned aerial vehicle, and transmit second heading
angle information to the flight controller; the flight controller includes a storage
medium, which is configured to store a program, where the program is run to: acquire
the first heading angle of the unmanned aerial vehicle by means of the first sensing
system, acquire the second heading angle of the unmanned aerial vehicle by means
of the second sensing system, determine a included angle between a first heading
corresponding to the first heading angle and a second heading corresponding to the
second heading angle, compare the included angle with a preset threshold, judge
whether the second heading angle is valid according to a comparing result, and if the
second heading angle i1s invalid, determine the first heading angle as a current
heading angle of the unmanned aerial vehicle; and the communication system is
configured for communication between the flight controller, the first sensing system
and the second sensing system.

In an alternative embodiment, the first sensing system includes a visual
positioning apparatus and a satellite positioning apparatus, and the second sensing
system includes an RTK apparatus and/or an inertial measurement apparatus.

In an alternative embodiment, the first sensing system includes a first heading

measurement apparatus and a second heading measurement apparatus. The first
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heading measurement apparatus is configured to acquire a speed of the unmanned

aerial vehicle in a world coordinate system; the second heading measurement
apparatus 1s configured to acquire a speed of the unmanned aerial vehicle in a body
coordinate system; and the flight controller is configured to acquire, when acquiring
the first heading angle of the unmanned aerial vehicle by means of the first sensing
system, the speed of the unmanned aerial vehicle in the world coordinate system by
means of the first heading measurement apparatus, acquire the speed of the
unmanned aerial vehicle in the body coordinate system by means of the second
heading measurement apparatus, and determine the first heading angle according to
the speed in the world coordinate system and the speed in the body coordinate
system.

In an alternative embodiment, the flight controller is configured to determine,
when determining the first heading angle according to the speed in the world
coordinate system and the speed In the body coordinate system, a first trigonometric
function value according to the speed in the world coordinate system and the speed in
the body coordinate system, determine a second trigonometric function value
according to the speed in the world coordinate system and the speed in the body
coordinate system, and determine the first heading angle according to the first
trigonometric function value and the second trigonometric function value.

In an alternative embodiment, the flight controller is configured to judge, when
determining the first heading angle according to the first trigonometric function value
and the second trigonometric function value, whether the first trigonometric function
value and the second trigonometric function value are valid, calculate, if the first
trigonometric function value and the second trigonometric function value are valid, a
first angle according to the first trigonometric function value, calculate a second angle
according to the second trigonometric function value, calculate a weighted average of
the first angle and the second angle according to preset weights of the first angle and
the second angle, and determine the weighted average as the first heading angle.

In an alternative embodiment, the flight controller is configured to acquire, when
judging whether the first trigonometric function value and the second trigonometric
function value are valid, a first inverse trigonometric function value of the first
trigonometric function value, acquire a second inverse trigonometric function value of
the second trigonometric function value, calculate a difference between the first

Inverse trigonometric function value and the second inverse trigonometric function
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value, judge whether an absolute value of the difference is smaller than a preset angle,
and determine, if the absolute value is smaller than the preset angle, that the first
trigonometric function value and the second trigonometric function value are valid.

In an alternative embodiment, the first trigonometric function value is a sine value,
and the second trigonometric function value is a cosine value.

In an alternative embodiment, the flight controller is configured to judge, when
judging whether the first trigonometric function value and the second trigonometric
function value are valid, whether a sum of squares of the first trigonometric function
value and the second trigonometric function value is within a preset range, and
determine, If the sum of squares is within the preset range, that the first trigonometric
function value and the second trigonometric function value are valiQ.

In an alternative embodiment, the preset range is 0.9 to 1.1.

In an alternative embodiment, the flight controller is further configured to calculate,
If the second heading angle Is valid, a weighted average of the first heading angle and
the second heading angle according to preset weights of the first heading angle and
the second heading angle, and determine the weighted average as the current
heading angle of the unmanned aerial vehicle.

In an alternative embodiment, the flight controller is configured to determine,
when judging whether the second heading angle is valid according to a comparing
result, whether the second heading angle is wrang accarding to the comparing result,
and determine, If the second heading angle is wrong, that the second heading angle Is
invalid.

In an alternative embodiment, the flight controller is configured to judge, when
determining whether the second heading angle is wrong according to the comparing
result, whether the included angle is greater than the preset threshold, and determine,
If the included angle between the first heading angle and the second heading angle Is
greater than the preset threshold, that the second heading angle is wrong.

In an alfernative embodiment, the flight controller is configured to judge, when
determining whether the second heading angle is wrong according to the comparing
result, whether the included angle continues to be greater than a preset threshold
within a preset time period, and determine, if the included angle continues to be
greater than the preset threshold, that the second heading angle is wrong.

In an alternative embodiment, the first sensing system is configured to acquire,

when acquiring a first heading angle of an unmanned aerial vehicle, the first heading
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angle of the unmanned aerial vehicle at a preset frequency.

The various functional units provided by the embodiments of the present
application may be run in a mobile terminal, a computer terminal, or a similar
calculation apparatus, or may be stored as part of a storage medium.

Thus, the embodiments of the disclosure may provide a computer terminal, which
may be any computer terminal device in a computer terminal group. Alternatively, In
the present embodiment, the above computer terminal may also be replaced with a
terminal device such as a mobile terminai.

Alternatively, in the present embodiment, the above computer terminal may be
located in at least one of multiple network devices of a computer network.

In the present embodiment, the above computer terminal may perform a program
code of the following steps in the method for determining the heading of an unmanned
aerial vehicle: a first heading angle of an unmanned aerial vehicle is acquired by
means of a first sensing system, and a second heading angle of the unmanned aerial
vehicle Is acquired by means of a second sensing system; it i1s judged whether the
second heading angle is valid according to a comparing result; and if the secona
heading angle is invalid, the first heading angle is determined as the current heading
angle of the unmanned aerial vehicle.

Alternatively, the computer terminal may include: one or more processors, a
memory and a transmission apparatus.

The memory may be configured to store a software program and module, such as
a program instruction/module corresponding to the method and apparatus for
determining the heading of an unmanned aerial vehicle in the embodiments of the
disclosure. The processor executes various functional applications and data
processing, that is, implements the above method for determining the heading of an
unmanned aerial vehicle by running the software program and module stored in the
memory. The memory may include a high speed random access memory and may
also include a non-volatile memory such as one or more magnetic storage
apparatuses, a flash memory, or other non-volatile solid state memories. In some
examples, the memory may further include memories remotely located relative to the
processor, which may be connected to the terminal over a hetwork. The examples of
such networks Include, but are not limited to, the Internet, the Intranet, local area
networks, mobile communication networks, and combinations thereof.

The transmission apparatus is configured to receive or send data over a network.
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The above specific network examples may include a wired network and a wireless
network. In one example, the transmission apparatus includes a Network Interface
Controller (NIC) that can be connected to other network devices and routers through a
network cable to communicate with the Internet or local area network. In one example,
the transmission apparatus is a Radio Frequency (RF) module for communicating with
the Internet wirelessly.

Specifically, the memory is configured to store information of preset action
conditions and preset permitted users, and applications.

The processor may call the information and applications storea in the memory by
the transmission apparatus to execute the program code of the method steps of each
of the alternative or preferred embodiments in the above method embodiments.

Those of ordinary skill in the art may understand that the computer terminal may
also be a terminal device such as a smart phone (e.g., an Android phone, an i0S
phone, etc.), a tablet computer, a palm computer, an MID, and a PAD.

Those of ordinary skill in the art may understand that all or part of the steps of the
above embodiments may be completed by a program 1o instruct terminal device
related hardware, the program may be stored in a computer readable storage medium,
and the storage medium may include: a flash disk, a ROM, a RAM, a magnetic disk or
an optical disc.

The embaodiment of the disclosure also pravides a starage medium. Alternatively,
In the present embodiment, the above storage medium may be configured to store the
program code performed by the method for determining the heading of an unmanned
aerial vehicle provided in the above method embodiments and apparatus
embodiments.

Alternatively, in the present embodiment, the above storage medium may be
located in any one of computer terminals in a computer terminal group in a computer
network, or in any one of mobile terminals in a mobile terminal group.

Alternatively, in the present embodiment, the storage medium is configured to
store a program code for performing the following steps: a first heading angle of an
unmanned aerial vehicle I1s acquired by means of a first sensing system, and a second
heading angle of the unmanned aerial vehicle is acquired by means of a second
sensing system; it is judged whether the second heading angle is valid according to a
comparing result; and if the second heading angle is invalid, the first heading angle I1s

determined as the current heading angle of the unmanned aerial vehicle.
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Alternatively, in the present embodiment, the storage medium may also be
configured to store program codes for various preferred or alternative method steps
provided by the method for determining the heading of an unmanned aerial vehicle.

The method and apparatus for determining the heading of an unmanned aerial
vehicle according to the disclosure are described above by way of example with
reference to the accompanying drawings. However, those skilled in the art should
understand that various improvements can be made to the method and apparatus for
determining the heading of an unmanned aerial vehicle described above according to
the disclosure without departing from the scope of the disclosure. Therefore, the
scope of protection of the disclosure should be determined by the content of the
appended claims.

The apparatus for determining the heading of an unmanned aerial venicle
includes a processor and a memory. The first acquisition unit, the first judgment
module, the first determination module and the like are stored in the memory by
serving as program units, and the processor executes the above program units stored
in the memory.

The processor includes a kernel, which calls a corresponding program unit from
the memory. There may be one or more kernels, and it is possible to aggregate
access paths of any Iength by adjusting the kernel parameters.

The memory may include a volatile memory, a RAM and/or a non-volatile memory
In a computer-readable medium such as a ROM or a flash RAM, the memory
Including at least one storage chip.

The present application also provides an embodiment of a computer program
product, when executed on a data processing device, adapted to perform initialization
of a program code having the following method steps: a first heading angie of an
unmanned aerial vehicle i1s acquired by means of a first sensing system, and a second
heading angle of the unmanned aerial vehicle s acquired by means of a second
sensing system; it is judged whether the second heading angle is valid according to a
comparing result; and if the second heading angle is invalid, the first heading angle is
determined as the current heading angle of the unmanned aenal vehicle.

The serial numbers of the embodiments of the disclosure are merely for the
description, and do not represent the advantages and disadvantages of the
embodiments.

In the above embodiments of the disclosure, descriptions of each embodiment
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are emphasized respectively, and parts which are not elaborated in detail in a certain
embodiment may refer o relevant descriptions of other embodiments.

In several embodiments provided by the present application, it is to be
understood that the disclosed technical content may be implemented in other
manners. The apparatus embodiments described above are merely illustrative. For
example, the division of the unit may be a logical function division. In actual
Implementation, there may be another division manner, for example, multiple units or
components may be combined or integrated into another system, or some features
may be ignored or not executed. |n addition, coupling or direct coupling or
communication connection displayed or discussed may be indirect coupling or
communication connection between units or modules through some interfaces, and
may be electrical or otherwise.

The units described as separate components may or may not be physically
separated, and the components displayed as units may or may not be physical units,
that is, may be located in one place, or may be distributed to multiple units. Some or
all of the units may be selected according to actual needs to achieve the purpose of
the solution of the present embodiment.

In adaition, each functional unit in each embodiment of the disclosure may be all
integrated into one processing unit, or each unit may exist physically separately, or
two or more units may be integrated into one unit. The integrated unit may be
implemented in the form of hardware or in the form of hardware and software

functional units.
The integrated unit may be stored in a computer-readable storage medium If

being implemented in the form of a software function unit and sold or used as a
standalone product. Based on such understanding, the technical solution of the
disclosure, which 1s essential or contributes to the conventional art, or all or part of the
technical solution, may be embodied in the form of a software product stored in a
storage medium, including a plurality of instructions used to cause a computer device
(which may be a personal computer, a server, or a network device, etc.) to perform all
or part of the steps of the method described in various embodiments of the disclosure.
The foregoing storage medium includes: various media capable of storing a program
code such as a U disk, a ROM, a RAM, a mobile hard disk, a magnetic disk or an
optical disc.

The above is only preferred implementations of the disclosure. It is to be noted
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that a number of modifications and refinements may be made by those of ordinary
skill in the art without departing from the principles of the disclosure, and sucn

modifications and refinements are also considered to be within the scope of protection

of the disclosure.
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1. A method for determining the heading of an unmanned aerial vehicle,
comprising the following steps:

acquiring a first heading angle of an unmanned aerial vehicle by means of a first
sensing system, and acquiring a second heading angle of the unmanned aerial
vehicle by means of a second sensing system;

determining a included angle between a first heading corresponding to the first
heading angle and a second heading corresponding to the second heading angle;

comparing the included angle with a preset threshold:

judging whether the second heading angle is valid according to a comparing
result; and

If the second heading angle is invalid, determining the first heading angle as a
current heading angle of the unmanned aerial vehicle.

2. The determination method as claimed in claim 1, wherein

the first sensing system comprises a visual positioning apparatus and a satellite
positioning apparatus; and

the second sensing system comprises a Real-Time Kinematic (RTK) apparatus
and/or an inertial measurement apparatus.

3. The method as claimed in claim 1, wherein the first sensing system comprises
a first heading measurement apparatus and a second heading measurement
apparatus, and the step of acquiring the first heading angle of an unmanned aerial
vehicle by means of a first sensing system comprises:

acquiring a speed of the unmanned aerial vehicle in a world coordinate system by
means of the first heading measurement apparatus, and acquiring a speed of the

unmanned aerial vehicle in a body coordinate system by means of the second
heading measurement apparatus; and

determining the first heading angle according to the speed in the world coordinate
system and the speed in the body coordinate system.

4. The method as claimed in claim 3, wherein the step of determining the first
heading angle according to the speed in the world coordinate system and the speed in
the body coordinate system comprises:

determining a first trigonometric function value according to the speed in the
world coordinate system and the speed in the body coordinate system;

determining a second trigonometric function value according to the speed in the
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world coordinate system and the speed in the body coordinate system; and
determining the first heading angle according to the first trigonometric function
value and the second trigonometric function value.

5. The method as claimed in claim 4, wherein the step of determining the first
heading angle according to the first trigonometric function value and the second
trigonometric function value comprises:

judging whether the first trigonometric function value and the second
trigonometric function value are valid;

If the first trigonometric function value and the second trigonometric function
value are valid, calculating a first angle according to the first trigonometric function
value, and calculating a second angle according to the second trigonometric function
value; and

calculating a weighted average of the first angle and the second angle according
to preset weights of the first angle and the second angle, and determining the
welghted average as the first heading angle.

6. The method as claimed in claim 5, wherein the step of judging whether the first
trigonometric function value and the second trigonometric function value are valio
comprises:

acquiring a first inverse trigonometric function value of the first trigonometric
function value, and acquiring a second inverse trigonometric function value of the
second trigonometric function value;

calculating a difference between the first inverse trigonometric function value and
the second inverse trigonometric function value,;

judging whether an absolute value of the difference 1s smaller than a preset angle;

and

if the absolute value is smaller than the preset angle, determining that the first
trigonometric function value and the second trigonometric function value are valid.

7. The determination method as claimed in any one of claims 4 to 6, wherein the
first trigonometric function value is a sine value, and the second trigonometric function
value Is a cosine value.

8. The method as claimed in claim S or 6, wherein the step of judging whether the
first trigonometric function value and the second trigonometric function value are valid

COMprises:

judging whether a sum of squares of the first trigonometric function value and the
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second trigonometric function value is within a preset range; and

if the sum of squares is within the preset range, determining that the first
trigonometric function value and the second trigonometric function value are valid.

9. The determination method as claimed in claim 8, wherein

the preset range is 0.9 to 1.1.

10. The method as claimed in clam 1, further comprising the following
subsequent steps:

If the second heading angle is valid, calculating a weighted average of the first
heading angle and the second heading angle according to preset weights of the first
heading angle and the second heading angle, and determining the weighted average
as the current heading angle of the unmanned aenal vehicle.

11. The method as claimed in claim 1, wherein the step of judging whether the
second heading angle is valid according to a comparing result comprises:

determining whether the second heading angle is wrong according to the
comparing result; and

if the second heading angle is wrong, determining that the second heading angle
Is iInvalid.

12. The method as claimed in claim 11, wherein the step of determining whether
the second heading angle is wrong according to the comparing result comprises:

judging whether the included angle is greater than the preset threshold; ana

if the included angle between the first heading angle and the second heading
angle is greater than the preset threshold, determining that the second heading angle
IS wWrong.

13. The method as claimed in claim 12, wherein the step of determining whether

the second heading angle is wrong according to the comparing result comprises:

judging, within a preset time period, whether the included angle continues to be

greater than the preset threshold; and
if the included angle continues to be greater than the preset threshoid,

determining that the second heading angle is wrong.
14. The determination method as claimed in clam 1, wherein the step of
acquiring a current first heading angle of an unmanned aerial vehicle comprises:
acquiring the current first heading angle of the unmanned aerial vehicle at a
preset frequency.

15. An unmanned aerial vehicle, comprising a flight control center, the flight
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control center comprising a flight controller, a first sensing system, a second sensing
system and a communication system, wherein

the first sensing system is configured to acquire a first heading angle of the
unmanned aerial vehicle, and transmit first heading angle information to the flight
controller;

the second sensing system is configured to acquire a second heading angle of
the unmanned aerial vehicle, and transmit second heading angle information to the
flight controller;

the flight controller comprises a storage medium, which is configured to store a
program, where the program is run to: acquire the first heading angle of the
unmanned aerial vehicle by means of the first sensing system, acquire the second
heading angle of the unmanned aernal vehicle by means of the second sensing
system, determine a included angle between a first heading corresponding to the first
heading angle and a second heading corresponding to the second heading angle,
compare the included angle with a preset threshold, judge whether the second
heading angle 1s valid according to a comparing result, and If the second heading
angle is invalid, determine the first heading angle as a current heading angle of the
unmanned aerial vehicle, and

the communication system is configured for communication between the flight
controller, the first sensing system and the second sensing system.

16. The unmanned aerial vehicle as claimed in claim 15, wherein the first sensing
system comprises a first heading measurement apparatus and a second heading
measurement apparatus;

the first heading measurement apparatus is configured to acquire a speed of the
unmanned aerial vehicle in a world coordinate system;

the second heading measurement apparatus is configured to acquire a speed of
the unmanned aerial vehicle in a body coordinate system; and

the flight controller is configured to acquire, when acquiring the first heading
angle of the unmanned aerial vehicle by means of the first sensing system, the speed
of the unmanned aerial vehicle in the world coordinate system by means of the first
heading measurement apparatus, acquire the speed of the unmanned aerial vehicle
In the body coordinate system by means of the second heading measurement
apparatus, and determine the first heading angle according to the speed in the world

coordinate system and the speed in the body coordinate system.
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17. The unmanned aerial vehicle as claimed in claim 16, wherein the flight
controller is configured to determine, when determining the first heading angle
according to the speed in the world coordinate system and the speed in the body
coordinate system, a first trigonometric function value according to the speed In the
world coordinate system and the speed in the body coordinate system, determine a
second trigonometric function value according to the speed in the world coordinate
system and the speed in the body coordinate system, and determine the first heading
angle according to the first trigonometric function value and the second trigonometric
function value.

18. The unmanned aerial vehicle as claimed in claim 17, wherein the flight
controller is configured to judge, when determining the first heading angle according
to the first trigonometric function value and the second trigonometric function value,
whether the first trigonometric function value and the second triganometric function
value are valid, calculate, if the first trigonometric function value and the second
trigonometric function value are valid, a first angle according to the first trigonometric
function value, calculate a second angle according to the second trigonometric
function value, calculate a weighted average of the first angle and the second angle
according to preset weights of the first angle and the second angle, and determine the
weighted average as the first heading angle;

wherein the flight controller is configured to acquire, when judging whether the
first trigonometric function value and the second trigonometric function value are valid,
a first inverse trigonometric function value of the first trigonometric function value,
acquire a second inverse trigonometric function value of the second trigonometric
function value, calculate a difference between the first inverse trigonometric function
value and the second inverse trigonometric function value, judge whether an absolute
value of the difference is smaller than a preset angle, and determine, if the absolute
value is smaller than the preset angle, that the first trigonometric function value and

the second trigonometric function value are valid.

19. The unmanned aerial vehicle as claimed in claim 18 or 19, wherein the flight
controller is configured to judge, when judging whether the first trigonometric function
value and the second trigonometric function value are valid, whether a sum of squares
of the first trigonometric function value and the second trigonometric function value is

within a preset range, and determine, if the sum of squares is within the preset range,
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that the first trigonometric function value and the second trigonometric function value

are valid.

20. The unmanned aerial vehicle as claimed in claim 15, wherein the flight
controller is configured to determine, when judging whether the second heading angle
s valid according to a comparing result, whether the second heading angle i1s wrong
according to the comparing result, and determine, If the second heading angle is
wrong, that the second heading angle is invalid; '

wherein the flight controller is configured to judge, when determining whether the
second heading angle is wrong according to the comparing result, whether the
included angle is greater than the preset threshold, and determine, if the included
angle between the first heading angle and the second heading angle is greater than

the preset threshold, that the second heading angie is wrong.
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A first heading angle of an unmanned aerial
vehicle is acquired by means of a first sensing

system, and a second heading angle of the \/8\102
unmanned aeral vehicle is acquired by means

of a second sensing system

l

It is judged whether the second heading angle |
is valid according to the first heading angle 5104

\ 4

If the second heading angle is invalid, the first
heading angle is determined as the current \/§106
heading angle of the unmanned aerial vehicle

Fig. 1

Fig. 2

CAN_DMS: \128756779\1 30 PN100031GZIF



CA 030b1611 2015-07-25

Speeds of an unmanned aerial vehicle in a world
coordinate system and a body coordinate system
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A first heading angle 1s calculated according to a
relationship between the speed 1n the world

coordinate system and the speed in the body
coordinate system

| The first heading accuracy is judged according to
a performance function formula

Fig. 3
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S102 Acquire a current first heading angle of an unmanned
aerial vehicle by means of a first sensing system, and
acquire a current second heading angle of the unmanned
aerial vehicle by means of a second sensing system

S104 Determine whether the second heading angle Is valid
according to the first heading angle
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first heading angle as the current heading angle of the
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