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METHOD AND SYSTEM FOR GUIDING LANDING OF
UNMANNED AERIAL VEHICLE, AUXILIARY POSITIONING
SYSTEM, AND UNMANNED AERIAL VEHICLE

TECHNICAL FIELD

The disclosure relates to the field of unmanned aerial vehicle technologies, and
specifically to a method and system for guiding landing of an unmanned aerial vehicle,

an auxiliary positioning system and an unmanned aerial vehicle.
BACKGROUND

In recent years, as unmanned aerial vehicles are constantly developing to be
intelligent and autonomous, people gradually use unmanned aerial vehicles to complete
tasks such as cargo distribution, automatic inspection, and automatic spraying of
pesticides or disinfection water. When unmanned aerial vehicles are used for cargo
distribution, it is difficult to deliver goods precisely. In order to solve this problem, the
concept of unmanned aerial vehicle airdrome is proposed. The unmanned aerial vehicle

airdrome refers to a place where the unmanned aerial vehicle takes off or lands.
SUMMARY

The purpose of the disclosure is to provide a method and system for guiding landing
of an unmanned aerial vehicle, an auxiliary positioning system and an unmanned aerial

vehicle, so as to solve the problems existing in the related art.

In order to achieve the foregoing purpose, according to a first part of the
embodiments of the disclosure, a method for guiding landing of an unmanned aerial
vehicle is provided, including: determining location information of the unmanned aerial
vehicle over a target airdrome by using a plurality of position detectors in an airdrome
auxiliary positioning system; generating corrected guidance information according to an
offset vector between the location information and target location information, where the
target location information is information representing any location within signal
coverage of a guidance beacon of the target airdrome; and sending the corrected guidance
information to the unmanned aerial vehicle, where the corrected guidance information is

used to guide the unmanned aerial vehicle to fly into the signal coverage of the guidance
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beacon.

Alternatively, the airdrome auxiliary positioning system includes a plurality of the
position detectors symmetrically arranged with respect to a center position of the target
airdrome; accordingly, the determining location information of the unmanned aerial
vehicle over a target airdrome by using a plurality of position detectors in an airdrome

auxiliary positioning system includes:

obtaining relative distance information, detected by each of the position detectors,
between each of the position detectors and the unmanned aerial vehicle over the target

airdrome; and

determining the location information of the unmanned aerial vehicle according to the
relative distance information between at least some of the position detectors and the

unmanned aerial vehicle.

Alternatively, the determining location information of the unmanned aerial vehicle
over a target airdrome by using a plurality of position detectors in an airdrome auxiliary

positioning system includes:

determining the location information of the unmanned aerial vehicle over the target
airdrome by using the plurality of position detectors in response to a positioning request
sent by the unmanned aerial vehicle.

Alternatively, the determining the location information of the unmanned aerial
vehicle over the target airdrome by using the plurality of position detectors in response to
a positioning request sent by the unmanned aerial vehicle includes: authenticating the
unmanned aerial vehicle by using identity information in the positioning request when
receiving the positioning request sent by the unmanned aerial vehicle; establishing a
communication channel with the unmanned aerial vehicle after the authentication
succeeds; and determining the location information of the unmanned aerial vehicle over

the target airdrome by using the plurality of position detectors; and

the sending the corrected guidance information to the unmanned aerial vehicle

includes:

sending the corrected guidance information to the unmanned aerial vehicle through

the communication channel established with the unmanned aerial vehicle.
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Alternatively, the position detector includes a millimeter wave radar.

Alternatively, the sending the corrected guidance information to the unmanned aerial

vehicle includes:

sending the corrected guidance information to a cloud scheduling system, so that the
cloud scheduling system forwards the corrected guidance information to the unmanned

aerial vehicle.

According to a second part of the embodiments of the disclosure, a method for
guiding landing of an unmanned aerial vehicle is provided; the method is applied to the
unmanned aerial vehicle and includes: receiving corrected guidance information, where
the corrected guidance information is generated by an airdrome auxiliary positioning
system of a target airdrome; flying into signal coverage of a guidance beacon of the target
airdrome according to the corrected guidance information; and landing to the target

airdrome according to the guidance beacon.

Alternatively, before the receiving corrected guidance information, the method

further includes:

switching from a flight mode to a landing mode and searching for the guidance
beacon of the target airdrome, when it is detected by a satellite navigation system that the

unmanned aerial vehicle arrives over the target airdrome; and

generating a positioning request and sending the positioning request to the airdrome
auxiliary positioning system of the target airdrome, in a case that the unmanned aerial

vehicle does not find a signal of the guidance beacon.

Alternatively, the sending the positioning request to the airdrome auxiliary

positioning system of the target airdrome includes:

sending the positioning request to a cloud scheduling system, so that the cloud
scheduling system sends the positioning request to the airdrome auxiliary positioning

system.

Alternatively, sending a shutdown instruction to the airdrome auxiliary positioning
system of the target airdrome through the cloud scheduling system after the unmanned

aerial vehicle lands, so that the airdrome auxiliary positioning system is turned off.
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According to a third part of the embodiments of the disclosure, an airdrome auxiliary
positioning system is provided, including: a position detector, configured to determine
location information of an unmanned aerial vehicle over a target airdrome; a controller
connected to the position detector, configured to generate corrected guidance information
according to an offset vector between the location information and target location
information, where the target location information is information representing any
location within signal coverage of a guidance beacon of the target airdrome; and a
communication interface connected to the controller, configured to send the corrected
guidance information to the unmanned aerial vehicle, where the corrected guidance
information is used to guide the unmanned aerial vehicle to fly into the signal coverage

of the guidance beacon.

Alternatively, the airdrome auxiliary positioning system includes a plurality of the
position detectors symmetrically arranged with respect to a center position of the target
airdrome; the plurality of position detectors are configured to obtain relative distance
information, detected by each of the position detectors, between each of the position

detectors and the unmanned aerial vehicle over the target airdrome; and

the airdrome auxiliary positioning system further includes a positioning module,
configured to determine the location information of the unmanned aerial vehicle based
on the relative distance information between at least some of the position detectors and

the unmanned aerial vehicle.

Alternatively, the communication module includes a first communication submodule,
configured to send the corrected guidance information to a cloud scheduling system, so
that the cloud scheduling system forwards the corrected guidance information to the

unmanned aerial vehicle.
Alternatively, the airdrome auxiliary positioning system further includes:

a turn-on module, configured to determine the location information of the unmanned
aerial vehicle over the target airdrome by using the plurality of position detectors in
response to a positioning request sent by the unmanned aerial vehicle, where the
positioning request is generated and sent to the airdrome auxiliary positioning system by
the unmanned aerial vehicle in a case that the unmanned aerial vehicle does not find a

signal of the guidance beacon.
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Alternatively, the position detector includes a millimeter wave radar.

Alternatively, the turn-on module further includes a second communication
submodule, configured to authenticate the unmanned aerial vehicle by using identity
information in the positioning request response to the positioning request sent by the
unmanned aerial vehicle, and establish a communication channel with the unmanned

aerial vehicle after the authentication succeeds; and

the communication module further includes a third communication submodule,
configured to send the corrected guidance information to the unmanned aerial vehicle

through the communication channel established with the unmanned aerial vehicle.

According to a fourth part of the embodiments of the disclosure, an unmanned aerial
vehicles is provided, including: a receiving module, configured to receive corrected
guidance information, where the corrected guidance information is generated by an
airdrome auxiliary positioning system of a target airdrome; an execution module,
configured to fly into signal coverage of a guidance beacon of the target airdrome
according to the corrected guidance information; and a landing module, configured to

land on the target airdrome according to the guidance beacon.
Alternatively, the unmanned aerial vehicle further includes:

a switching module, configured to switch from a flight mode to a landing mode and
search for the guidance beacon of the target airdrome, when it is detected by a satellite

navigation system that the unmanned aerial vehicle arrives over the target airdrome; and

a sending module, configured to generate a positioning request and send the
positioning request to the airdrome auxiliary positioning system of the target airdrome,

in a case that the unmanned aerial vehicle does not find a signal of the guidance beacon.
Alternatively, the sending module includes:

a sending submodule, configured to send the positioning request to a cloud
scheduling system, so that the cloud scheduling system sends the positioning request to

the airdrome auxiliary positioning system.

According to a fifth aspect of the embodiments of the disclosure, a system for guiding
landing of an unmanned aerial vehicle is provided, including an airdrome auxiliary

positioning system according to the foregoing third aspect, and an unmanned aerial
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vehicle according to the foregoing fourth aspect.

According to a sixth part of the embodiments of the disclosure, an unmanned aerial
vehicle is provided, including a processor and a memory configured to store instructions
executable by the processor, where when executed by the processor, the instructions can
implement the method for guiding landing of an unmanned aerial vehicle as described in
the foregoing first aspect.

By using the foregoing technical solutions, at least the following technical effects

can be achieved:

If scheduled route information of an unmanned aerial vehicle expires when the
unmanned aerial vehicle flies over a target airdrome according to the scheduled route
information, a location of the target airdrome in the scheduled route information is drifted.
In this case, by using the foregoing technical solution of the disclosure, location
information of the unmanned aerial vehicle over a target airdrome is determined by using
position detectors in an airdrome auxiliary positioning system of the target airdrome;
corrected guidance information is generated according to an offset vector between the
location information and target location information, where the target location
information is information representing any location within signal coverage of a guidance
beacon of the target airdrome; and the corrected guidance information is sent to the
unmanned aerial vehicle, and after the unmanned aerial vehicle flies into the signal
coverage of the guidance beacon of the target airdrome according to the corrected
guidance information, the unmanned aerial vehicle lands according to the guidance
beacon, thereby solving the problem in the related art.

Other features and advantages of the disclosure are described in detail in the

following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are provided for further understanding of the disclosure
and constitute a part of the specification, and explain the disclosure together with the
following specific implementations, but do not constitute a limitation to the disclosure.

In the accompanying drawings:

FIG. 1 is a flowchart of a method for guiding landing of an unmanned aerial vehicle
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according to an exemplary embodiment of the disclosure.

FIG. 2 is a schematic diagram showing the layout of millimeter wave radar units

according to an exemplary embodiment of the disclosure.

FIG. 3 is a flowchart of another method for guiding landing of an unmanned aerial

vehicle according to an exemplary embodiment of the disclosure.

FIG. 4 is a flowchart of another method for guiding landing of an unmanned aerial

vehicle according to an exemplary embodiment of the disclosure.

FIG. 5 is a block diagram of an airdrome auxiliary positioning system according to

an exemplary embodiment of the disclosure.

FIG. 6 is a block diagram of an unmanned aerial vehicle according to an exemplary

embodiment of the disclosure.
DETAILED DESCRIPTION

Specific implementations of the disclosure are described in detail below with
reference to the accompanying drawings. It should be understood that the specific
implementations described herein are merely used for describing and illustrating the

disclosure rather than limiting the disclosure.

Exemplary embodiments are described in detail herein, and examples of the
exemplary embodiments are shown in the accompanying drawings. When the following
description involves the accompanying drawings, unless otherwise indicated, the same
numerals in different accompanying drawings represent the same or similar elements. The
implementations described in the following exemplary embodiments do not represent all
implementations that are consistent with the disclosure. On the contrary, the
implementations are merely examples of apparatuses and methods that are described in

detail in the appended claims and that are consistent with some aspects of the disclosure.

In the related art, an unmanned aerial vehicle receives scheduled route information
issued by a cloud scheduling system, where the scheduled route information at least
includes location information of a takeoff airdrome of the unmanned aerial vehicle and
location information of a target airdrome for landing. The unmanned aerial vehicle
navigates according to the scheduled route information, and performs precise landing

based on a visual guidance technology after the unmanned aerial vehicle reaches the target
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airdrome, to complete the task of transporting goods to the target location.

An unmanned aerial vehicle executes a scheduled route based on real-time location
information provided by a satellite navigation system. Satellite navigation systems
include the Global Positioning System (GPS), Beidou satellite navigation system, Galileo
satellite navigation system, global satellite navigation system and other systems, which
are not limited in the disclosure. For the sake of simplicity, the GPS is used as an example

herein for description.

However, the unmanned aerial vehicle executes the scheduled route based on the
real-time location information provided by the GPS, and the GPS location information of
the unmanned aerial vehicle has a certain drift at different moments in the same place.
Therefore, for the unmanned aerial vehicle, latitude and longitude information of the
target airdrome acquired by the GPS may be different at different moments. Moreover,
because the unmanned aerial vehicle performs precise landing based on the visual
guidance technology, an initial position of the visual guidance needs to meet high
requirements, and the drift of the GPS position can easily navigate the unmanned aerial
vehicle beyond the predetermined initial range of the visual guidance. In other words, if
the scheduled route information issued by the cloud scheduling system is out of date, the
unmanned aerial vehicle cannot fly to the precise landing area of the target airdrome based

on the scheduled route information, resulting in the failure of the delivery task.

In order to overcome the problem of GPS data drift, the location information of the
target airdrome can be collected periodically manually, and then the scheduled route
information can be manually updated according to the newly collected location
information of the target airdrome. Although this method can overcome the problem of
GPS data drift, it also has many other problems, such as high labor operation cost.
Specifically, batch operation of the unmanned aerial vehicle delivery involves a large
number of target airdromes. The scheme that relies periodic manual collection requires a
large number of personnel to participate in the collection and update of location
information, resulting in high operating costs for unmanned aerial vehicle delivery. In
another example, the real-time performance of manually collecting the location
information of the target airdrome on a regular basis is poor. Specifically, the triggering
of the unmanned aerial vehicle delivery task happens randomly, and the landing of the
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unmanned aerial vehicle may also occur at any time. Therefore, the method of manually
collecting and updating the location information of the target airdrome on a regular basis
cannot meet the randomness requirement of the unmanned aerial vehicle. In this way, the
location data of the target airdrome may not be updated in time when the unmanned aerial
vehicle is in the delivery stage, resulting in the failure of the unmanned aerial vehicle
delivery. In another example, the method of manual collection and updating on a regular
basis can be affected by human subjective factors. For example, an unskilled operator
may fail to update waypoint data in time or make an update error, which further causes

the failure of unmanned aerial vehicle delivery.

Further, in order to solve the problem of the failure of unmanned aerial vehicle
delivery caused by a GPS data drift, the area of the unmanned aerial vehicle airdrome and
signal coverage of a guidance beacon of the airdrome can be expanded, so that a target
waypoint position of the unmanned aerial vehicle is still within the signal coverage of the
guidance beacon of the target airdrome after the GPS data drift occurs. However, this
method of expanding the area of the unmanned aerial vehicle airdrome and expanding the
signal coverage of the guidance beacon not only wastes land resources but also increases
the construction cost of the airdrome. Moreover, the expandability of this method is poor.
If there is a higher performance requirement after the airdrome construction is finalized,

the cost of the airdrome reconstruction is extremely high.

In view of this, the embodiments of the disclosure provide a method and system for
guiding landing of an unmanned aerial vehicle, an auxiliary positioning system and an

unmanned aerial vehicle, to solve the problems in the related art.

To make it easier for those skilled in the art to understand the embodiments of the
disclosure, the following briefly describes the unmanned aerial vehicle scheduling
technology involved in the disclosure. It is not difficult to understand that an unmanned
aerial vehicle scheduling system is used to uniformly schedule a plurality of unmanned
aerial vehicles. When the unmanned aerial vehicle scheduling system schedules a
plurality of unmanned aerial vehicles at the same time, in order to ensure the safety of the
unmanned aerial vehicles, at least a safe distance is maintained between the unmanned
aerial vehicles. Based on this, when a plurality of unmanned aerial vehicles need to land

on the same target airdrome, the unmanned aerial vehicle scheduling system schedule the
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plurality of unmanned aerial vehicles to land on the target airdrome in sequence. That is,
the unmanned aerial vehicle scheduling system does not allow a plurality of unmanned
aerial vehicles to land on the target airdrome at the same time. When any one of the
unmanned aerial vehicles is landing, other unmanned aerial vehicles to be landed need to
queue up outside a preset safety area above the target airdrome for landing. For the sake
of simplicity, the following description takes the unmanned aerial vehicle in the process

of landing as an example.

FIG. 1 is a flowchart of a method for guiding landing of an unmanned aerial vehicle
according to an exemplary embodiment of the disclosure. The method can be applied to
an airdrome auxiliary positioning system, and can further be applied to a system for
guiding landing of an unmanned aerial vehicle including an airdrome auxiliary
positioning system and a cloud scheduling system. As shown in FIG. 1, the method

includes the following steps:

S11. Determine location information of the unmanned aerial vehicle over a target
airdrome by using a plurality of position detectors in an airdrome auxiliary positioning

system.

S12. Generate corrected guidance information according to an offset vector between
the location information and target location information, where the target location
information is information representing any location within signal coverage of a guidance

beacon of the target airdrome.

S13. Send the corrected guidance information to the unmanned aerial vehicle, where
the corrected guidance information is used to guide the unmanned aerial vehicle to fly

into the signal coverage of the guidance beacon.

Alternatively, the position detector includes a millimeter wave radar. In another
possible implementation, the position detector may further be a visual-based position
detection device, or other position detection devices based on radio waves, for example,
a camera, ultrasound detection device, an infrared detection device, or the like, which is

not specifically limited in the disclosure.

A general guidance beacon is an unmanned lighting device or other signal devices
used for pilot navigation. In the disclosure, the guidance beacon specifically refers to a
navigation signal mark used to guide landing of the unmanned aerial vehicle, and the
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function thereof is similar to that of the navigation beacon used for pilot navigation.

It should be understood that guidance beacons, such as visual guidance beacons, are
installed on (or around) an unmanned aerial vehicle airdrome to guide the unmanned
aerial vehicle for precise landing. Correspondingly, a visual guidance beacon detection
camera is installed on the unmanned aerial vehicle. In this way, the unmanned aerial
vehicle can land precisely according to a signal of the airdrome guidance beacon detected

by the visual guidance beacon detection camera.

In the related art, the unmanned aerial vehicle receives scheduled route information
issued by a cloud scheduling system, where the scheduled route information at least
includes location information of a takeoff airdrome of the unmanned aerial vehicle and
location information of a target airdrome for landing. The unmanned aerial vehicle
navigates according to the scheduled route information, and performs precise landing
based on a visual guidance technology after the unmanned aerial vehicle reaches the target

airdrome, to complete the task of transporting goods to the target location.

It is known to those of ordinary skill in the art that the unmanned aerial vehicle needs
to be within a certain range over the airdrome to detect the signal of the guidance beacon
of the airdrome. The range may be signal coverage of the guidance beacon, for example,
a circular area with the guidance beacon as the center and a diameter of about several
meters. However, if the scheduled route information issued is out of date, the problem of
GPS data drift occurs. At this time, the location of the target airdrome in the scheduled
route information issued by the cloud scheduling system may drift beyond the signal
coverage of the guidance beacon of the target airdrome. In other words, when the
scheduled route information expires, the unmanned aerial vehicle may not be able to
navigate into the signal coverage of the guidance beacon of the target airdrome according
to the scheduled route information issued by the cloud scheduling system. As a result, the
unmanned aerial vehicle cannot detect the guidance beacon of the target airdrome,
causing the unmanned aerial vehicle to fail to accurately land on the target airdrome.

Therefore, in a possible case, when the unmanned aerial vehicle arrives at a target
airdrome location indicated in the scheduled route information, if the unmanned aerial
vehicle cannot detect the signal of the guidance beacon of the target airdrome, the

airdrome auxiliary positioning system of the target airdrome determines the location
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information of the unmanned aerial vehicle over the target airdrome by using the position
detectors, generates corrected guidance information according to the offset vector
between the location information and the target location information, and then sends the
corrected guidance information to the unmanned aerial vehicle to guide the unmanned
aerial vehicle to fly into the signal coverage of the guidance beacon. The target location
information is information indicating any location within the signal coverage of the
guidance beacon of the target airdrome. When the unmanned aerial vehicle navigates into
the signal coverage of the guidance beacon of the target airdrome according to the
corrected guidance information, the unmanned aerial vehicle lands according to the
detected guidance beacon, so as to accurately deliver goods to the target location. It is
worth noting that a detection range of the position detector of the airdrome auxiliary
positioning system is much larger than the signal coverage of the guidance beacon of the
target airdrome, and when the location information of the target airdrome of the
unmanned aerial vehicle has a GPS data drift, the range of the drift is limited. Therefore,
the location of the unmanned aerial vehicle does not exceed the detection range of the

position detector of the airdrome auxiliary positioning system.

In this way, if the scheduled route information of the unmanned aerial vehicle expires
when the unmanned aerial vehicle flies over the target airdrome according to the
scheduled route information, the location information of the target airdrome in the
scheduled route information has a GPS data drift. In this case, by using the foregoing
technical solution of the disclosure, location information of the unmanned aerial vehicle
over a target airdrome is determined by using position detectors in an airdrome auxiliary
positioning system of the target airdrome; corrected guidance information is generated
according to an offset vector between the location information and target location
information, where the target location information is information representing any
location within signal coverage of a guidance beacon of the target airdrome; and the
corrected guidance information is sent to the unmanned aerial vehicle, and after the
unmanned aerial vehicle flies into the signal coverage of the guidance beacon of the target
airdrome according to the corrected guidance information, the unmanned aerial vehicle

lands according to the guidance beacon, thereby solving the problem in the related art.

Alternatively, the airdrome auxiliary positioning system includes a plurality of the

position detectors symmetrically arranged with respect to a center position of the target
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airdrome. Accordingly, the step of determining location information of the unmanned
aerial vehicle over a target airdrome by using the position detectors includes:

obtaining relative distance information, detected by each of the position detectors,
between each of the position detectors and the unmanned aerial vehicle over the target
airdrome; and determining the location information of the unmanned aerial vehicle
according to the relative distance information between each of the position detectors and

the unmanned aerial vehicle.

For example, referring to FIG. 2, FIG. 2 is a schematic diagram showing the layout
of millimeter wave radar units according to an exemplary embodiment of the disclosure.
As shown in FIG. 2, if the unmanned aerial vehicle has a GPS data drift, the unmanned
aerial vehicle is located at point A of the target airdrome location indicated in the
scheduled route information. At this time, relative distance information d1, d2, and d3
between each millimeter wave radar unit and the unmanned aerial vehicle over the target
airdrome is obtained through the three millimeter wave radar units shown in FIG. 2. Then,
through calculation according to d1, d2, and d3, the location information of point A where

the unmanned aerial vehicle is located can be determined.

In this way, the plurality of position detectors are symmetrically arranged with
respect to the center position of the target airdrome, which facilitates data processing and
can quickly determine the location information of the unmanned aerial vehicle. Moreover,
in this way, the detectors are not required to have high directional accuracy. A better
positioning effect can be achieved through the coordinated detection by the plurality of
position detectors, and the relative location information can be obtained by calculation.

It should be understood that FIG. 2 is merely an exemplary case, which is not used
to limit the disclosure. The airdrome auxiliary positioning system of the disclosure
includes a plurality of position detectors symmetrically arranged with respect to the center
position of the target airdrome, where the specific quantity of the position detectors is
configured according to actual requirements. For example, when the airdrome auxiliary
positioning system is required to have higher performance, more position detectors are

needed.

It should be further noted that, in addition to being symmetrically arranged with
respect to the center position of the target airdrome, the position detectors may also be
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arranged in other ways. However, it is not difficult to understand that no matter how the
position detectors are arranged, the relative distance information between the unmanned
aerial vehicle and the position detectors can be determined based on calibrated positions

of at least some of the plurality of position detectors.

In a possible implementation, after the GPS data drift occurs in the original target
location information, a gap between the original target location information and the
drifted location information is not particularly large. Therefore, when the location of the
unmanned aerial vehicle is detected by using the position detectors, each position detector
can be controlled to detect within a circular range with the original target location as the
center and a drift distance as the radius. The drift distance can be calculated using prior
data according to requirements. In this way, the detection range of the position detectors
for the unmanned aerial vehicle can be reduced. Therefore, this method can improve the
efficiency of detecting the location of the unmanned aerial vehicle by the position
detectors.

Alternatively, the corrected guidance information is generated based on the offset

vector between the location information and the target location information.

For example, referring to FIG. 2, if the target location information indicates that the
target location is point B shown in FIG. 2, the corrected guidance information is generated
according to an offset vector (such as d4) between point A and point B. According to the
corrected guidance information, the unmanned aerial vehicle can navigate into the signal

coverage of the guidance beacon of the target airdrome.

In another possible implementation, referring to FIG. 2, after d1 and d2 are
determined, it is determined whether the unmanned aerial vehicle is located above a
center line between a first millimeter wave radar unit and a second millimeter wave radar
unit. If the unmanned aerial vehicle is not above the center line between the first
millimeter wave radar unit and the second millimeter wave radar unit, the unmanned
aerial vehicle is guided to fly to be above the center line between the first millimeter wave
radar unit and the second millimeter wave radar unit. Further, after it is determined that
the unmanned aerial vehicle is located above the centerline between the first millimeter
wave radar unit and the second millimeter wave radar unit, it is determined whether the

unmanned aerial vehicle is located above a center line between the first millimeter wave
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radar unit and a third millimeter wave radar unit (or, it is determined whether the
unmanned aerial vehicle is located above a center line between the second millimeter
wave radar unit and the third millimeter wave radar unit). Further, the unmanned aerial
vehicle is guided to fly along the center line between the first millimeter wave radar unit
and the second millimeter wave radar unit to the center line between the first millimeter
wave radar unit and the third millimeter wave radar unit. In this way, the unmanned aerial

vehicle can also be guided into the signal coverage of the guidance beacon at point B.

Therefore, the disclosure does not specifically limit the implementation of how to
generate the corrected guidance information according to the offset vector between the
location information and the target location information. Alternatively, the determining
location information of the unmanned aerial vehicle over a target airdrome by using a

plurality of position detectors in an airdrome auxiliary positioning system includes:

determining the location information of the unmanned aerial vehicle over the target
airdrome by using the plurality of position detectors in response to a positioning request
sent by the unmanned aerial vehicle. The positioning request is generated and sent to the
airdrome auxiliary positioning system by the unmanned aerial vehicle in a case that no

signal of the guidance beacon is detected.

Specifically, the airdrome auxiliary positioning system generates a detection starting
instruction in response to the positioning request, to instruct the position detector to turn
on. Further, the location information of the unmanned aerial vehicle over the target
airdrome is determined by using the position detectors. In a possible implementation, the
positioning request is generated and sent to the airdrome auxiliary positioning system in
a case that the unmanned aerial vehicle does not find the guidance beacon of the target
airdrome after flying to the target airdrome location indicated in the scheduled route

information without searching for.

In this way, when the unmanned aerial vehicle flies to the target airdrome location
indicated in the scheduled route information, if the unmanned aerial vehicle cannot detect
the signal of the guidance beacon of the target airdrome, it means that the scheduled route
information of the unmanned aerial vehicle has expired. As a result, a GPS data drift
occurs in the location information of the target airdrome. In this case, the unmanned aerial

vehicle generates a positioning request, which is used to ask the target airdrome auxiliary
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positioning system to perform positioning. If the unmanned aerial vehicle can detect the
signal of the guidance beacon of the target airdrome when arriving at the target airdrome
location indicated in the scheduled route information, there is no need to turn on the
auxiliary positioning system of the target airdrome. In this way, the auxiliary positioning
system of the target airdrome is turned on as required, which can reduce energy

consumption.

In another possible implementation, the detection starting instruction may be
generated by the unmanned aerial vehicle in response to the positioning request, and sent

to the airdrome auxiliary positioning system.

Alternatively, the determining the location information of the unmanned aerial
vehicle over the target airdrome by using the plurality of position detectors in response to
a positioning request sent by the unmanned aerial vehicle may further include:
authenticating the unmanned aerial vehicle by using identity information in the
positioning request when receiving the positioning request sent by the unmanned aerial
vehicle; establishing a communication channel with the unmanned aerial vehicle after the
authentication succeeds; and determining the location information of the unmanned aerial
vehicle over the target airdrome by using the plurality of position detectors. The sending
the corrected guidance information to the unmanned aerial vehicle includes: sending the
corrected guidance information to the unmanned aerial vehicle through the

communication channel established with the unmanned aerial vehicle.

In a possible implementation, if the positioning request is broadcast information sent
by the unmanned aerial vehicle, the airdrome auxiliary positioning system can receive the
broadcast information. When receiving the broadcast information, the airdrome auxiliary
positioning system can authenticate the unmanned aerial vehicle according to the identity
information carried in the broadcast, and after the verification succeeds, establish a
communication channel with the unmanned aerial vehicle and generate a detection
starting instruction at the same time. After the airdrome auxiliary positioning system
generates the corrected guidance information, the corrected guidance information can be

sent to the unmanned aerial vehicle through the communication channel.

In this way, after the communication channel is established between the unmanned

aerial vehicle and the airdrome auxiliary positioning system, the unmanned aerial vehicle
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can communicate with the airdrome auxiliary positioning system, so that the unmanned
aerial vehicle can directly obtain the corrected guidance information generated by the

airdrome auxiliary positioning system.

Alternatively, the sending the corrected guidance information to the unmanned aerial

vehicle includes:

sending the corrected guidance information to a cloud scheduling system, so that the
cloud scheduling system forwards the corrected guidance information to the unmanned

aerial vehicle.

It is not difficult to understand that if the airdrome auxiliary positioning system can
directly send the corrected guidance information to the unmanned aerial vehicle, a
communication channel needs to be established between the two. If the airdrome auxiliary
positioning system and the unmanned aerial vehicle need to communicate with each other,
it is necessary to configure IP address information and identity authentication information
of the unmanned aerial vehicle in the airdrome auxiliary positioning system.
Correspondingly, a broadcast module and an IP address information of the airdrome
auxiliary positioning system need to be configured on the unmanned aerial vehicle. In a
possible case, if a large amount of unmanned aerial vehicle IP address information and
identity authentication information of each unmanned aerial vehicle are stored in the
airdrome auxiliary positioning system for numerous unmanned aerial vehicles, it
consumes much memory of the airdrome auxiliary positioning system. In order to avoid
this problem, in the disclosure, the corrected guidance information generated by the
airdrome auxiliary positioning system can be forwarded to the unmanned aerial vehicle
through the cloud scheduling system of the unmanned aerial vehicle, so as to avoid the
problem of high memory consumption caused by configuring a large amount of
unmanned aerial vehicle IP address information in the airdrome auxiliary positioning

system.

FIG. 3 is a flowchart of another method for guiding landing of an unmanned aerial
vehicle according to an exemplary embodiment of the disclosure. The method is applied
to an unmanned aerial vehicle. As shown in FIG. 3, the method may include the following

steps:
S31. Receive corrected guidance information, the corrected guidance information
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being generated by an airdrome auxiliary positioning system of a target airdrome.

S32. Fly into signal coverage of a guidance beacon of the target airdrome according

to the corrected guidance information.
S32. Land on the target airdrome according to the guidance beacon.

In this way, if the unmanned aerial vehicle cannot detect a signal of the guidance
beacon of the target airdrome when flying over a target airdrome location indicated in the
scheduled route information, it means that the scheduled route information of the
unmanned aerial vehicle has expired. As a result, a GPS data drift occurs in the location
information of the target airdrome. In this case, the unmanned aerial vehicle receives the
corrected guidance information generated by the airdrome auxiliary positioning system
of the target airdrome, and flies into the signal coverage of the guidance beacon of the
target airdrome according to the corrected guidance information. Further, after the
unmanned aerial vehicle flies into the signal coverage of the guidance beacon of the target
airdrome, the unmanned aerial vehicle can accurately and safely land on the target

airdrome according to the detected guidance beacon.
Alternatively, before step S31, the method further includes:

the unmanned aerial vehicle navigates according to scheduled route information,
where the scheduled route information is route information generated by a cloud
scheduling system and used to guide the unmanned aerial vehicle to fly from a takeoff
point to the target airdrome; the unmanned aerial vehicle switches from a flight mode to
a landing mode and searches for the guidance beacon of the target airdrome, when it is
detected by a satellite navigation system that the unmanned aerial vehicle arrives over the
target airdrome; and the unmanned aerial vehicle generates a positioning request and
sends the positioning request to the airdrome auxiliary positioning system of the target
airdrome, in a case that the unmanned aerial vehicle does not find a signal of the guidance

beacon.

In this way, the unmanned aerial vehicle switches from a flight mode to a landing
mode and searches for the guidance beacon of the target airdrome when it is detected by
GPS that the unmanned aerial vehicle arrives over the target airdrome. If the unmanned
aerial vehicle cannot find the signal of the guidance beacon of the target airdrome, it
means that the scheduled route information of the unmanned aerial vehicle has expired.
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As aresult, a GPS data drift occurs in the location information of the target airdrome. In
this case, the unmanned aerial vehicle generates a positioning request, and sends the
positioning request to the airdrome auxiliary positioning system of the target airdrome,
to instruct the auxiliary positioning system of the target airdrome to turn on. When the
unmanned aerial vehicle detects that the unmanned aerial vehicle arrives above the target
airdrome through the GPS, if the unmanned aerial vehicle can find the signal of the
guidance beacon of the target airdrome, the unmanned aerial vehicle lands directly
according to the detected signal of the guidance beacon without turning on the auxiliary

positioning system of the target airdrome.

Alternatively, the sending the positioning request to the airdrome auxiliary
positioning system of the target airdrome includes: sending the positioning request to a
cloud scheduling system, so that the cloud scheduling system sends the positioning

request to the airdrome auxiliary positioning system.

In this way, the problem of memory consumption caused by configuring a large
amount of IP address information of airdrome auxiliary positioning systems in the

unmanned aerial vehicle can be avoided.

Alternatively, the cloud scheduling system sends a shutdown instruction to the
airdrome auxiliary positioning system of the target airdrome after the unmanned aerial
vehicle lands safely, so that the airdrome auxiliary positioning system is turned off to

reduce energy consumption.

FIG. 4 is a flowchart of another method for guiding landing of an unmanned aerial
vehicle according to an exemplary embodiment of the disclosure. As shown in FIG. 4,

the method includes the following steps:

S401. A cloud scheduling system generates scheduled route information for guiding
an unmanned aerial vehicle to fly from a takeoff point to a target airdrome, and sends the

scheduled route information to the unmanned aerial vehicle.

S402. The unmanned aerial vehicle receives the scheduled route information, and

navigates according to the scheduled route information.

S403. The unmanned aerial vehicle switches from a flight mode to a landing mode

and searches for a signal of a guidance beacon of the target airdrome, when it is detected
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by a satellite navigation system that the unmanned aerial vehicle arrives over the target

airdrome.

S4041. Generate a positioning request and send the positioning request to the cloud
scheduling system, in a case that the unmanned aerial vehicle does not find a signal of the

guidance beacon.

S4042. Perform S412 in a case that the unmanned aerial vehicle searches for a signal

of the guidance beacon;

S405. The cloud scheduling system receives the positioning request, and sends the

positioning request to the airdrome auxiliary positioning system.

S406. The airdrome auxiliary positioning system instructs detectors to detect location
information of the unmanned aerial vehicle over the target airdrome in response to the

positioning request.

S407. Determine the location information of the unmanned aerial vehicle over the
target airdrome by using the position detectors.

S408. Generate corrected guidance information according to an offset vector between
the location information and target location information, and send the corrected guidance

information to the cloud scheduling system.

S409. The cloud scheduling system forwards the corrected guidance information to

the unmanned aerial vehicle.
S410. The unmanned aerial vehicle receives the corrected guidance information.

S411. The unmanned aerial vehicle flies according to the corrected guidance
information, and searches for the signal of the guidance beacon of the target airdrome in

real time

S412. The unmanned aerial vehicle lands on the target airdrome according to the

detected signal of the guidance beacon.

Based on the same inventive concept, an embodiment of the disclosure provides an
airdrome auxiliary positioning system. As shown in FIG. 5, the airdrome auxiliary

positioning system 500 includes:
a position detector 510, configured to determine location information of an
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unmanned aerial vehicle over a target airdrome;

a controller 520 connected to the position detector, configured to generate corrected
guidance information according to an offset vector between the location information and
target location information, where the target location information is information
representing any location within signal coverage of a guidance beacon of the target

airdrome; and

a communication interface 530 connected to the controller, configured to send the
corrected guidance information to the unmanned aerial vehicle, where the corrected
guidance information is used to guide the unmanned aerial vehicle to fly into the signal
coverage range of the guidance beacon.

With this apparatus, if the scheduled route information of the unmanned aerial
vehicle expires when the unmanned aerial vehicle flies over the target airdrome according
to the scheduled route information, the location information of the target airdrome in the
scheduled route information may have a GPS data drift. In this case, by using the
foregoing technical solution of the disclosure, location information of the unmanned
aerial vehicle over the target airdrome is determined by using position detectors in an
airdrome auxiliary positioning system of the target airdrome; corrected guidance
information is generated according to an offset vector between the location information
and target location information, where the target location information is information
representing any location within signal coverage of a guidance beacon of the target
airdrome; and the corrected guidance information is sent to the unmanned aerial vehicle,
and after the unmanned aerial vehicle flies into the signal coverage of the guidance beacon
of the target airdrome according to the corrected guidance information, the unmanned
aerial vehicle lands according to the guidance beacon, thereby solving the problem in the

related art.

Alternatively, the airdrome auxiliary positioning system includes a plurality of the
position detectors symmetrically arranged with respect to a center position of the target
airdrome. The plurality of position detectors are configured to obtain relative distance
information, detected by each of the position detectors, between each of the position

detectors and the unmanned aerial vehicle over the target airdrome.
The airdrome auxiliary positioning system 500 further includes a positioner,
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configured to determine the location information of the unmanned aerial vehicle based
on the relative distance information between at least some of the position detectors and

the unmanned aerial vehicle.

Alternatively, the communication interface 530 includes a first communication
submodule, configured to send the corrected guidance information to a cloud scheduling
system, so that the cloud scheduling system forwards the corrected guidance information

to the unmanned aerial vehicle.
Alternatively, the airdrome auxiliary positioning system 500 further includes:

a turn-on circuit, configured to determine the location information of the unmanned
aerial vehicle over the target airdrome by using the by the position detectors in response
to a positioning request sent by the unmanned aerial vehicle, where the positioning
request is generated and sent to the airdrome auxiliary positioning system by the

unmanned aerial vehicle in a case that no signal of the guidance beacon is detected.
Alternatively, the position detector includes a millimeter wave radar.

Alternatively, the turn-on module further includes a second communication
submodule, configured to authenticate the unmanned aerial vehicle by using identity
information in the positioning request in response to the positioning request sent by the
unmanned aerial vehicle, and establish a communication channel with the unmanned

aerial vehicle after the authentication succeeds; and

the communication interface 530 further includes a third communication submodule,
configured to send the corrected guidance information to the unmanned aerial vehicle
through the communication channel established with the unmanned aerial vehicle.

FIG. 6 is a block diagram of an unmanned aerial vehicle according to an exemplary
embodiment of the disclosure. As shown in FIG. 6, the unmanned aerial vehicle 600

includes:

a receiving module 610, configured to receive corrected guidance information, where
the corrected guidance information is generated by an airdrome auxiliary positioning

system of a target airdrome;

an execution module 620, configured to fly into signal coverage of a guidance beacon

of the target airdrome according to the corrected guidance information; and
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a landing module 630, configured to land on the target airdrome according to the
guidance beacon.

With this unmanned aerial vehicle, if the unmanned aerial vehicle cannot detect a
signal of the guidance beacon of the target airdrome when flying over a target airdrome
location indicated in the scheduled route information, it means that the scheduled route
information of the unmanned aerial vehicle has expired. As a result, a GPS data drift
occurs in the location information of the target airdrome. In this case, the unmanned aerial
vehicle receives the corrected guidance information generated by the airdrome auxiliary
positioning system of the target airdrome, and flies into the signal coverage of the
guidance beacon of the target airdrome according to the corrected guidance information;
and further, after the unmanned aerial vehicle flies to the signal coverage of the guidance
beacon of the target airdrome, the unmanned aerial vehicle can accurately and safely land

on the target airdrome according to the detected guidance beacon.
Alternatively, the unmanned aerial vehicle 600 further includes:

a switching module, configured to switch from a flight mode to a landing mode and
search for the guidance beacon of the target airdrome, when it is detected by a satellite

navigation system that the unmanned aerial vehicle arrives over the target airdrome; and

a sending module, configured to generate a positioning request and send the
positioning request to the airdrome auxiliary positioning system of the target airdrome,

in a case that the unmanned aerial vehicle does not find a signal of the guidance beacon.
Alternatively, the sending module includes:

a sending submodule, configured to send the positioning request to the cloud
scheduling system, so that the cloud scheduling system sends the positioning request to

the airdrome auxiliary positioning system.

The disclosure further provides a system for guiding landing of an unmanned aerial
vehicle, including the foregoing airdrome auxiliary positioning system 500 and the
foregoing unmanned aerial vehicle 600.

The disclosure further provides an unmanned aerial vehicle, including a processor
and a memory for storing instructions executable by the processor, where the instructions,

when executed by the processor is executed, implement the foregoing method for guiding
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landing of an unmanned aerial vehicle.

With respect to the apparatus in the foregoing embodiment, specific manners of
performing operations by the modules have been described in detail in the embodiments

related to the method, and are not described in detail herein.

The preferred implementations of the disclosure are described in detail above with
reference to the accompanying drawings, but the disclosure is not limited to the specific
details in the above implementations. Various simple variations may be made to the
technical solutions of the disclosure within the scope of the technical idea of the
disclosure, and such simple variations shall all fall within the protection scope of the

disclosure.

It should be additionally noted that, specific technical features described in the
foregoing specific implementations may be combined in any appropriate manner without
conflict. To avoid unnecessary repetition, various possible combinations are not further

described in the disclosure.

In addition, different implementations of the disclosure may also be arbitrarily
combined without departing from the idea of the disclosure, and these combinations shall

still be regarded as content disclosed in the disclosure.
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CLAIMS

What is claimed is:

1. A method for guiding landing of an unmanned aerial vehicle, comprising:

determining location information of the unmanned aerial vehicle over a target
airdrome by using a plurality of position detectors in an airdrome auxiliary positioning
system;

generating corrected guidance information according to an offset vector between the
location information and target location information, wherein the target location
information is information representing any location within signal coverage of a guidance

beacon of the target airdrome; and

sending the corrected guidance information to the unmanned aerial vehicle, wherein
the corrected guidance information is used to guide the unmanned aerial vehicle to fly

into the signal coverage of the guidance beacon.

2. The method according to claim 1, wherein the airdrome auxiliary positioning
system comprises a plurality of the position detectors symmetrically arranged with

respect to a center position of the target airdrome;

the determining location information of the unmanned aerial vehicle over a target
airdrome by using a plurality of position detectors in an airdrome auxiliary positioning

system comprises:

obtaining relative distance information, detected by each of the position
detectors, between each of the position detectors and the unmanned aerial vehicle over
the target airdrome; and

determining the location information of the unmanned aerial vehicle according
to the relative distance information between at least some of the position detectors and

the unmanned aerial vehicle.

3. The method according to claim 1 or 2, wherein the determining location
information of the unmanned aerial vehicle over a target airdrome by using a plurality of

position detectors in an airdrome auxiliary positioning system comprises:

determining the location information of the unmanned aerial vehicle over the target
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airdrome by using the plurality of position detectors in response to a positioning request
sent by the unmanned aerial vehicle.

4. The method according to claim 3, wherein

the determining the location information of the unmanned aerial vehicle over the
target airdrome by using the plurality of position detectors in response to a positioning
request sent by the unmanned aerial vehicle comprises:

authenticating the unmanned aerial vehicle by using identity information in the
positioning request when receiving the positioning request sent by the unmanned aerial

vehicle;

establishing a communication channel with the unmanned aerial vehicle after

the authentication succeeds; and

determining the location information of the unmanned aerial vehicle over the

target airdrome by using the plurality of position detectors; and

the sending the corrected guidance information to the unmanned aerial vehicle

comprises:

sending the corrected guidance information to the unmanned aerial vehicle

through the communication channel established with the unmanned aerial vehicle.

5. The method according to claim 1, wherein the sending the corrected guidance

information to the unmanned aerial vehicle comprises:

sending the corrected guidance information to a cloud scheduling system, so that the
cloud scheduling system forwards the corrected guidance information to the unmanned

aerial vehicle.

6. A method for guiding landing of an unmanned aerial vehicle, applied to the

unmanned aerial vehicle and comprising:

receiving corrected guidance information, wherein the corrected guidance

information is generated by an airdrome auxiliary positioning system of a target airdrome;

flying into signal coverage of a guidance beacon of the target airdrome according to

the corrected guidance information; and

landing to the target airdrome according to the guidance beacon.
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7. The method according to claim 6, wherein before the receiving corrected guidance
information, the method further comprises:

switching from a flight mode to a landing mode and searching for the guidance
beacon of the target airdrome, when it is detected by a satellite navigation system that the

unmanned aerial vehicle arrives over the target airdrome; and

generating a positioning request and sending the positioning request to the airdrome
auxiliary positioning system of the target airdrome, in a case that the unmanned aerial

vehicle does not find a signal of the guidance beacon.

8. The method according to claim 7, wherein the sending the positioning request to
the airdrome auxiliary positioning system of the target airdrome comprises:

sending the positioning request to a cloud scheduling system, so that the cloud
scheduling system sends the positioning request to the airdrome auxiliary positioning

system.

9. The method according to claim 7, wherein sending a shutdown instruction to the
airdrome auxiliary positioning system of the target airdrome through the cloud scheduling
system after the unmanned aerial vehicle lands, so that the airdrome auxiliary positioning

system is turned off.
10. An airdrome auxiliary positioning system, comprising:

a position detector, configured to determine location information of an unmanned

aerial vehicle over a target airdrome;

a controller connected to the position detector, configured to generate corrected
guidance information according to an offset vector between the location information and
target location information, wherein the target location information is information
representing any location within signal coverage of a guidance beacon of the target

airdrome; and

a communication interface connected to the controller, configured to send the
corrected guidance information to the unmanned aerial vehicle, wherein the corrected
guidance information is used to guide the unmanned aerial vehicle to fly into the signal

coverage of the guidance beacon.
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11. The airdrome auxiliary positioning system according to claim 10, wherein a
plurality of the position detectors are provided and symmetrically arranged with respect

to a center position of the target airdrome.
12. An unmanned aerial vehicle, comprising:

5 a receiving module, configured to receive corrected guidance information, wherein
the corrected guidance information is generated by an airdrome auxiliary positioning

system of a target airdrome;

an execution module, configured to fly into signal coverage of a guidance beacon of

the target airdrome according to the corrected guidance information; and

10 a landing module, configured to land on the target airdrome according to the

guidance beacon.
13. An unmanned aerial vehicle, comprising:
a processor; and
a memory configured to store instructions executable by the processor;

15 wherein the instructions, when executed by the processor, implement steps of the

method according to any one of claims 6 to 9.

14. A system for guiding landing of an unmanned aerial vehicle, comprising an
airdrome auxiliary positioning system according to claim 10, and an unmanned aerial

vehicle according to claim 12.
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