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Abstract Title: Drone based cleaning method and

system

(97) A drone-based cleaning method and system, wherein the method includes flying a UAV or drone with a cleaning
device mounted to it's undercarriage to a designated position of an object to be cleaned when the drone receives a
cleaning instruction. The drone then determines a cleaning area corresponding to the designated position on the
outer surface of the object to be cleaned, obtains environmental information of the cleaning area and controls the
cleaning device to transition from below the drone to a position parallel to the object to be cleaned according to the
environmental information, and controlling the cleaning device to clean the cleaning area. The drone may comprise

a water supply pipe, a detergent supply pipe, a carr

era, and a means of performing dust analysis. The camera may

be used to determine the environmental information

, which may then be used to determine a cleaning strategy.

When the drone receives a cleaning instruction for cleaning an object to be cleaned, |~ 101
flying to a designated position of the object to be cleaned

l

Determining a cleaning area corresponding to the designated position of the outer [~ 102
surface of the object to be cleaned

|

Obtaining environmental information of the cleaning area

T

Controlling the cleaning device of the drone to be flipped from below thedronetoa |~ 104
position parallel to the outer surface according to the environmental information
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device to clean the cleaning area -
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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When the drone receives a cleaning instruction for cleaning an object to be cleaned,
flying to a designated position of the object to be cleaned
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Flying to a designated position of the object to be cleaned, when the drone receives a f/301
cleaning instruction for cleaning the object to be cleaned |

|

Determining a cleaning area corresponding to the designated position of the outer L~ 302
surface of the object to be cleaned |

l

Obtaining an object image of the cleaning area based on a camera of the drone / 303

l

Performing image analysis on the object image to obtain environment information L 304

]

Controlling the cleaning device of the drone to be flipped from below the drone to a
position parallel to the outer surface according to the environmental information .~

305

— —— - - - - - - - - - - - Is

Determining a cleaning strategy according to the environmental information |~ 306

Controlling the cleaning device to clean the cleaning area according to the cleaning
strategy i

FIG. 3

5/6



1
®09oee
®

Drone Communication
: interface

Processor

Memory }:
One or more programs f
i-—-T—. . _ . _ _ ]
FIG. 4
501
I |
Control unit |———>. Determination unit ———— Obtaining unit

“——

Drone-based cleaning system

FIG. 5

6/6



DRONE-BASED CLEANING METHOD AND S5YSTEM

FIELD OF THE DISCLOSURE

(06617  The present disclosure relates to the field of drones, and in particular to a cleaning

method and system based on a drone.

BACKGROUND OF THE DISCLOSURE

100021 At present, cleaning of many building exterior walls 1s done manually. The
cleaning of exterior walls of a building 15 tnefficient, and the manual cleaning 15 both
inetticient and poses significant safety hazards when the butlding 1s a hugh-rise. In the prior
art, a wall cieaning robot has been used to clean the extenor walls of a building. The wall
cleaning robot usualiy cleans by crawling on the surtace of the exterior wall of the building,
but the cleaning ethiciency 15 relatively low, Thus, an efficient method of cleaning the

extertor walls of buildings 1s needed.

SUMMARY OF THE DISCLOSURE

{003 The emmbodiments of the present disclosure provide a cleaning method and system
based on a drone, which can safely and intelligently clean using a cleaning device carned by

the drone.

0004 In a first aspect, an embodiment of the present disclosure provides a drone-based
cleaning method, which 1s applied to a drone-based cleaning system, wherein the cleaning
system includes the drone, a water supply pipe, and a detergent supply pipe. The drone
comprises a cleaning device and a connection end piece. The cleaning device 1s disposed on
a belly of the drone, and the drone 18 connected to the water supply pipe through the
connection end piece. The drone 1s connected (o the detergent supply pipe through the

connection end piece.

[O005] The method includes: when the drone receives a cleaning instruction for cleaning
an obiect to be cleaned, flying to a designated position of the object to be cleaned;
determining a cleaning area corresponding 1o the designated position of an outer surface of

the object {0 be cleaned; obtaining environmental information of the cleaning area;



controlling a cleaning device of the drone to be flipped from below the drone to a position
paraliel to the outer surface according to the environmental information; and controlling the

cleaning device to clean the cleaning area.

(3006} In a second aspect, an embodiment of the present disclosure provides a drone-
based cleaning system, the systern comprising: a control umt for flying to a designated
position of an object to be cleaned when the drone receives a cleaning instruction for cleaning
the object to be cleaned; a determination urit configured to determine a cleaning area
cotresponding to the designated postiion of the outer surtace of the object {0 be cleaned; and
an obtaining unit configured to obtamn environmental information of the cleaning area; the
control untt 1s turther configured to control a cleaning device of the drone to be thpped {rom
below the drone to a position paraliel 1o the cuter surface according t¢ the environmental

wnformation; and means tor controlling the cleaming device o clean the cleaning area.

3007 In a third aspect, an embodument of the present disciosure provides a computer
readable storage medium, wherein the computer readable storage medium 18 used to store a
computer program, and the computer program causes the computer to perform the first aspect
of the embodiments of the present disclosure. An instruction that describes some or all of the

acts.,

{008 In a fourth aspect, an embodiment of the present disclosure provides a computer
program product, wherein the computer program product includes a non-transitory computer
readable storage medium storing a computer program, the computer program being operative
to cause a computer to execute some or all of the acts described in the first aspect of the

embodiments, The computer program product can be a software msiallation package.

{30091 The implementation of the embodimenis of the present disclosure have the

tollowing beneficial effects:

0010} It can be seen that, in the embodiments of the present disclosure, when the drone
recetves the cleaning imstruction for cleaning the object to be cleaned, the drone flies {o the
designated position of the object to be cleaned, determines the cleaning area corresponding 10
the designated position of an outer surface of the object {0 be cleaned, obtains environmental
information of the cleaning area, controls the cleaning device of the drone to be flipped from
below the drone to a position parallel to the outer surface according to the environmental

information, and controls the cleaning device to clean the cleaning area. In this way, the



drone can be more intelligently controlied for cleaning, making it safer for the drone to clean

the object

BRIEF DESCRIPTION OF THE DRAWINGS

00111 In order to more clearly tliustrate the embodiments of the present disclosure or the
techmcal solutions in the prior art, the drawings to be used 1 the embodiments or the
description of the prior art will be brietly descrbed below. Obviously, the drawings o the
following descrniption are only certain embodiments of the present disclosure, and other
drawings can be obtained according to these drawings without any creative work {or those

skilled in the art

100121 Fig. 1A 1s a schematic diagram of the structure of a drone-based cleaning system
according to an embodiment of the present disclosure;
0013} Fig. 1B 1s a schematic diagram of a cleaning device in a drone according to an

embodiment of the present disclosure;

13014} Fig. 1€ 15 a schematic view of the structure of another perspective of the cleaning

device shown in Fig. 1B according to an embodiment of the present disclosure;

0015} Fig. 1D} 15 a schematic flowchart of an embodiment of g drone-based cleaning

method according to an embodiment of the present disclosure;

0016} Fig. 2 1s a schematic Howchart of another embodument of a drone-based cleaning

method according to an embodiment of the present disclosure;

{30171 Fig. 3 13 a schematic flowchart of another ermnbodiment of a drone-based cleaning

method according to an embodiment of the present disclosure;

{3018}  Fig 4 1s a schematic diagram of the structure of a drone provided by an

embodiment of the present disclosure; and

00191 Fig. 5 15 a schematic diagram of the structure of a drone-based cleaning system

according to an embodiment of the present disclosure.



DETAILED DESCRIPTION OF THE EMBODIMENTS

10020} The techmeceal solutions in the embodiments of the present disclosure are clearly
and completely descrnibed in the tollowing with reference to the drawings in the embodimenis
of the present disciosure. H is obvious that the described embodiments are only some of the
embodiments of the present disclosure, and not all of the embodiments are described. Al
other embodiments obtained by a person of ordinary skill in the art based on the
embodiments of the present disclosure without departing from the inventive scope are within

the scope of the present disclosure.

00211 The termis "first”, "second” and the like 10 the specification and claims of the
present disciosure and the above drawings are used to distinguish different objects, and are
not 1intended to describe a specific order. Furthermore, the terms "comprising” and
"including” are intended to cover g non-exclusive inclusion. For example, a process, method,
system, product, or device that comprises a sertes of acts or units 1S not lunited to the listed
acts or units, but optionally also includes acts or units not listed, or, optionally, other acts or

units inherent to these processes, methods, products, or equipment.

OG22 References to "an embodiment” herein mean that a particular feature, structure, or
characteristic described 1n connection with the embodiments can be included in at least one
embodiment of the present disclosure. The appearances of the phrases 1o varnious places in
the specification are not necessarily referring to the same embodiments, and are not exclusive
or atternative embodiments that are muitually exclusive. Those skilled in the art understand
explicitly and imphicitly that the embodiments described herein can be combined with other

embodimentis,

{30231 Reternng o Fig. 1A, Fig 1A 1s a schematic diagram of the structure of a drone-
based cleaning system according to an embodiment of the present disclosure. The cleaning
systern imcludes a drone 1001, a water supply pipe 1002, and a detergent supply pipe 1003,
The drone includes a cleaning device and a connection end piece. The cleaning device 15
disposed on the belly of the drone, and the drone 15 connected with the water supply pipe
through the connection end ptece. The drone is also connected with the detergent supply pipe
through the connection end piece. Specifically, the drone can be connected to the water
supply pipe and the detergent supply pipe from the top of the building through the connection
end piece, or the drone can be connected to the water supply pipe and the detergent supply

pipe disposed on the ground or disposed 1n a velacle through the connection end piece. Thus,



the water supply pipe and the detergent supply pipe can act as a safety cable to prevent the

drone from falhing during flight.

3024 Retfternong to Figs 1B-1C, g 1B 18 a schematic diagram of a cleanming device in a
drone according t¢ an embodiment of the present disclosure, and Fig. 1 1s another
perspective of the cleaning device shown in Fig, 1B according to an embodiment of the
present disciosure. As shown in Figs. 1B and 1, the cieaning device 100 includes a cleaning
roller 10, a drive motor 12 that dnives the cleaning roller 10 {0 rotate, a clean water sink 20
separated from the cleaning roller 10 by a gap, a sewage sink 30 separated from the cleaning
roller 10 by a gap, a pressing member 40 for deforming the cleaning roller 10 to squeeze out
sewage, a roller brush 50 disposed on a lengthwise side of the cleaning roller 10, and a
carbage collection box 60. The bristles on the roller brush 30 contact the cleaning rolier 10,
and the garbage collection box 60 13 at least partiaily located below the roller brush 50 The
cleaning rolier 10 is rotated by the drive motor 12 to coliect solid waste, which 1s then swept

into the garbage coilection box 60, and to adsorb hiqued sewage.

100251 In the process of rotating the cleamung roller 10, clean water in the clean water
sink 20 flows into the cleaning roiler 10 to provide clean water to the cleaning roller 10,
When the cleanming roller 10 cleans the ground, the cleanming roller 10 wiil absorb sewage on
the ground and the solid waste mixed therewith. When the cieaning roller 10, which 1s full of
sewage, 18 rotated against the pressing member 40, a portion of the cleaning rolier 10 is
compressed by the pressing member 40, The amount of compresston generated causes the
sewage absorbed by a cleaning portion of the cleaning roller 10 10 be squeezed upward. The
pressing member 40 presses the sewage upward, caustng the sewage to tlow upward. The
two stdes of the cleaning rolier 10 adjacent the compressed portion of the cleaning roller 10
are deformed upward, 50 that the side of the compressed portion of the cleaning roller 10,
which s oniginally round or nearly round, is filled within the gap between the sewage sink 3¢
and the cleamng roller 10, The squeezed sewage 18 pushed up 1nto the sewage sink 30 by the
upward pressure. When the upward pressure generated by the deformation 18 greater than the
gravity of the sewage stored in the sewage sink 30 plus the sewage stored 1n the sewage pipe,

the sewage flows 1nto the sewage sink 30 for recycling of the sewage.

100261 A rotating shatt of the cleaning roller 10 1s made of 3 hard matenal, and the outer
peripheral portion thereof 18 made of a flexible matenial, for example, made of a sponge, a
cotion cloth, or the like. The clean water 15 easily absorbed due to the porosity of the

material and the surface cleaning force, thereby eastly achieving the cleaming function. The



cleaning roller 10 15 dniven to rotate by the drive motor 12, and the drive motor 12 1s also

mounted inside the shell

{0271 The sewage sink 30 15 disposed separately from the clean water sink 20, The
clean water sink 20 supplies clean water to the cleaning roller 10, and the sewage sink 30 s
used for colleching the sewage that 1s sgueezed out by the cleaning roller 10, A bottom or
sicie of the clean water sink 20 15 provided with a clean water hole 21, Clean water in the
clean water sink 20 flows through the clean water hole 21 onto the cleaming roller 10, The
clean water sink 20 1s disposed above the cleaning roller 10, and 3 gap 1s between the clean
water sink 20 and the cleaning roller 10, Water inlets 201 are disposed on both sides of the
clean water sink 20. The water inlets 201 communicate with the clean water sink 20, and the
clean water in the clean water sink 20 enters through the water inlets 201 into the clean water
sink 20. The water in the clean water sink 20 flows onto the cleaning rolier 10 through the

clean water hole 21

00281 Reterring to Fig. 1C, the pressing member 40 15 a pressing column 42 having a
cvhindrical shape. The pressing column 42 is disposed adjacent to the sewage stnk 30 so a5 {0
squeeze the sewage nto the sewage sink 30, and a surface of the pressing column 42 1s
pressed against a surface of the cleaning rolier 10, The pressing column 42 may also have
other shapes, such as a spherical shape. The pressing column 47 presses the cleaning rolier
10 such that the surface of the cleaming roller 10 forms a recessed portion 13, One-guarter 1o
one-~halt of a radius or diameter of the pressing column 42 1s located at the recessed portion
13 to squeeze out sewage, while normal rotation of the cleaning roller 10 18 not affected.
Optionaily, water outlets 301 are provided on one side or both sides of the sewage sink 30,
and the amount of sewage can be controlied by providing electromagnetic valves at the water

outlets 301

00291 {Optionally, the pressing member 40 ts a protrusion 41 disposed at the bottom of
the sewage sink 30, The protrusion 41 may be disposed at a bottom edge of the sewage sink

30 or may be disposed at a bottom intermediate position of the sewage sink 30,

{30301 The roller brush 50 15 located above the side surface of the cleaming rolier 10, and
the roller brush 50 1s driven by a roller motor S1. When the cleaning roller 10 rotates, the
roller brush 50 rotates 1o the opposite direction of the cleaning roller 10, thereby removing
the solid waste on the cleaning roller 10, The solid waste 1s obfained by cieaning the object

to be cleaned using the cleamng roller 10, The solid waste falls into garbage collection box



60 disposed below the cleaning roller 10, thereby removing the solid waste from the cleaning

roller 16

{0311 The garbage collection box 60 1s disposed o the direction 1n which the cleaning
roller 10 rotates and is spaced apart from the cleaning rolier 10 by a gap. The garbage
coliection box 60 is {ocaied on one side of the cleamng roller 10 and directly under the roller
brush 50. The solid waste 1s brushed into the garbage coliection box 60, and any remaining
solid waste is removed by the roller brush 50, The garbage collection box 60 15 U-shaped,

but the corners are arranged 1n a square shape.

(30321 Further, a scraper 61 s provided on one side of the garbage coliection box 60
closest to the cleanmng roller 10 for receiving solid waste dropped by the cleaning roller 10
A load bearing wheel 80 15 disposed between the garbage collection box 60 and the scraper
61 for increasing the load bearing capacity of the garbage collection box 60. The scraper 61
1s disposed in an arc shape and has one end connected (0 one side of the garbage collection

box 60 abutting the cleaning roller 10

100331 Optionally, the cleaning system further includes a safety cable, and the drone can
be connected to the safety cable through the connection end piece, thereby preventing the
drone from {alling from the sky. One end of the safety cable can be connected to the
connection end piece of the drone, and the other end of the safety cable can be connected to
the pipe hanging from the top floor of the building or connected to the pipe disposed on the
ground or in the vehicle. Optionally, the water supply pipe and the detergent supply pipe can

be used as the satety cable.

100341 Optionally, the cleaning system may further include an airbag, which can be used

as a safety device for the drone to protect the safety of the drone.

HURRY Conststent with Fig. 1A, referning to Fig. 1D a schematic Hiowchart of an
embodiment of a method tor cleaning a drone according to an embodiment of the present
disclosure 18 provided. The drone-based cleaning method described o this embodiment

includes the foliowing:
100361 101, When the drone receives a cleaning instruction for cleaning an object {0 be
cleaned, flying {0 a designated position of the object to be cleaned.

37 The object to be cleaned may be, tor example, an exterior wall of a building.
When the butlding 15 tall, the exterior wall of the building may be cleaned by the drone

according to an embodiment of the present disclosure. The object to be cleaned can also be



any other object located at an elevated position. Considering that it 1s dangerous to use
manual tabor to complete cleaning work at elevated posifions, the work can theretore be
performed by the drone instead of through manual labor. In an embodiment of the present
disciosure, when the drone receives the cleaning instruction, the drone can fly to a designated
position according to the cleaning mstruction. For exampie, the drone can be controlled to
fly from the ground to a designated position that needs to be cleaned. As another example,
the drone can be conirolled to tly from the top of the building to the designated position

where cleaning is required.

100381 F02. Determining a cleaning area corresponding to the designated position of the

outer surface of the object to be cleaned.

00391 fn an embodiment of the present disclosure, the cleaning area corresponding to the
designated position may be an area where the designated position of the drone i1s projected on
the outer surtace of the object to be cleaned, or it may be an area where the designated
position of the drone i1s projected on the outer surface of the object to be cleaned and an area

of a4 predefined size around the area where the designated position of the drone s projected.
FOG4G 103, Obtaiming environmental information of the cleaning area.

0041} in an embodiment of the present disclosure, the foregoing environmental
wformation may mclude at least one of the tollowing: the degree of contamination of the
cleaning area, the material of the outer surface of the object to be cleaned, the smoothness of
the outer surface of the object to be cleaned, and the hike, which are not imited herein,
Specifically if the cleaning area 18 the area where the designated posttion of the drone 1s
projected on the outer surface of the object to be cleaned, the environmental information of
the cleaning area may be directly obtained. If the designated position of the drone 13
projected on the outer surface of the object to be cleaned and the area of the predefined size
around the area where the designated position of the drone 15 projecied, then 1t 1s necessary 1o
control the drone to perform thght movement near the cieaning area to obtain environmental

information of the cleaning area.

{30421 Optionally, the drone includes an environment momtoning device. In the
foregoing, at 103, acquiring environmental information of the cleaning area may include the

tollowing:

100431 31, Detecting the cleaming area based on the environmental mmontoring device of

the drone to obtain dust information; and



00441 32. Performing analysis according to the dust information to obtain environmental

intormation.

H045] The environmental momtorning device may inciude a dust collector to collect dusi
it an area of a predefined size of the outer surface of the object to be cleaned by the dust
coliector. Then, the weight or thickness of the collected dust 1s detected and the degree of
contanunation of the cleaning area 1s determined based upon the correspondence between the

weight or thickness of the collected dust and preset weights or thickness of dust.

3046} The above-mentioned environment detecting device may further include a surface
smooathness detecting device, and the smoothness of the outer surface of the object to be

cleaned can be detected by the surface smoothness detecting device

100471 {Uptionally, the drone includes a camera. In the foregoing, at 103, acquiring

environmental information of the cleaning area may include the following:

10048} 33. Obtaining an object image of the cleaning area based on a camera of the

drone; and

{30491 34, Performing image analysis on the object umage to obtatn environmental
information.
FHUSHY In the embodiment of the present disclosure, the camera of the drone can be

controlied to capture an object image of the cleaning area, and then the object image 15
compared to muitiple image templates in a preset image teraplate hibrary. Each image
template 10 the multiple 1mage templates corresponds to one material, wherein a plurality of
image templates can be photographed in advance for outer surfaces of objects made of a
plurahity of different matenials to be cleaned, and then an umage template library 18 ¢reated.
When the object image matches an object image template in the plurality of images, the
image template can be determined. The object material corresponding to the image template

15 the material of the outer surtace of the object to be cleaned.

100511 104, Controlling the cleaning device of the drone to be flipped from below the

drone to a position paraliel to the outer surface according to the environmental mmformation.

0052 ] fn the embodiment of the present disclosure, the cleaning device disposed on the
belly of the drone is tlipped from below the drone {o a position parailel to the outer surface of

the obiect to be cleaned, 50 that the cleaning device can clean the outer surface of the



cleaning object. For exampie, when the cleaning object is a buiiding exterior wall, the

cleaning device can be thipped over to be parallel {0 an exterior wall of the cleaning object.

053] 105, Controlling the cleaning device to clean the cleanung area.
LIRS The above cleaning device may include at {east one cleaning rolier. The cleaning

speed can be accelerated by providing a plurality of cleamung rollers on the cleaning device.
(Upticnally, in the above at 105, controlling the cleaning device to clean the cleaning area

may include the following:

HiRRY 51. Deternuning a cleaning strategy according to the environmental information;
and
{3563 52. Controliing the cleaning device to clean the cleaning area according to the

cleaning strategy.

0057 In the embodiment of the present disclosure, ditferent cleaning sirategies may be
determined according to different environmental information. When the obtained
covironmental information 1s the degree of contarmnation of the cleamng ared, it may be
determined that dilferent degrees of contamination correspond to difterent cleaning
strategies. For example, for different degrees of contamination, the amount of detergent can
be determined, thereby preventing a fack of detergent which causes imsufficient cleaning, or

wasting too much detergent which results in a longer cleaning time.

HO0S8] When the environmental information obtained is the material of the outer surface
of the object to be cleaned, a cleaning strategy can determine according to the matenal, For
example, the cleaning matenials selected for the exterior wall of the buiiding when the
exterior wall of the butlding 1s made of ceramic tile, ttle or glass brick, may be difterent than
the cleaning materials seiected when the exterior wall of the buiiding is made of stone slag,
dry stick stone, etc., and may be ditterent than the cleaning materials selected when the

exterior wall of the butlding is made of paint and other materials,

100591 The torce of the cleaning roller contacting the cleaning area can also be set within
different pressure ranges to prevent damage to the exterior wall matenal of the building. A
cleaning strategy can be determined based on the obtained smoothness. For example, when
the smoothness of the outer surface of the object to be cleaned 1s low, the torce of the
cleaning rotler contacting the cleaning area can be greater, and when the smoothness of the

outer surface of the object 1o be cleaned 18 high, the force of the cleaning roller contacting the

10



cleaning area can be reduced. Thus, different cleaning strategies can be used to clean up the

cleaning objects for difterent degrees of smoothness.

3060} Ovptionally, 10 an embodiment of the present disclosure, the following may be

further included:

10061} Al Obtaining thght parameters of the drone; and

13062} AZ. Opening the airbag when the thight parameter meets a preset condition.
13063} The thght parameters may include at least one of the following: a tlight speed, a

flying height, an angle between the drone and a horizontal plane, an angular velocity of the

drone, or the like, which are not limued herein.

303641 It can be seen that, in the embodiment of the present disclosure, when the drone
recetves the cleaning mnstruction tor cleaning the object to be cleaned, the drone fhies to the
designated position of the object to be cleaned, determines the cleaning area corresponding {o
the designated position of the cuter surface of the object to be cleaned, obtains environmental
wformation of the cleaming area, controls the cleaning device of the drone o be fhipped trom
below the drone to a position parallel to the outer surtace according to the environmental
information, and controls the cleaning device o clean the cleaning area. In this way, drones
can be controlled more intelligently to clean, making 1t safer for drones to clean exterior

walls.

10065] Please reference Fig. 2, Fig. 2 15 a schematic flowchart of an embodiment of a
method for cleaning a drone according to an embodiment of the present disclosure. The

drone-based cleaning method described 1n this embodiment includes the following:

100661 201, Flying to a designated position of the object {0 be cleaned when the drone

recetves a cleaning instruction for cleaning an object to be cleaned.

0067 2072, Determining a cleaning area corresponding 1o the designated position of the

outer surtace of the object to be cleaned.

0681 203, Detecting the cleaning area based on the environmental monttoring device of

the drone to obtain dust information.

13069} 204, Performing analysis according to the dust information to obtain

environmental intormation,

11



0070 205, Condrolling the cleaning device of the drone to be flipped trom below the

drone to 4 position paraliel to the outer surface according to the environmental information.

0871 200, Controlling the cleaning device to clean the cleaning area.
30725 It can be seen that, in the embodiment of the present disclosure, when the drone

recetves the cleaning instruction for cleaning the object to be cleaned, the drone fhies to the
designated position of the object to be cleaned and determines the cleaning area
corresponding o the designated position of the outer surface of the object to be cleaned. The
drone-based environmental monitoring device detects the cleaning area, obtains dust
information, analyzes the dust information, obtains environmental information, and controls
the cleaning device of the drone to be thpped from below the drone (o be paraliel to the outer
surface according to the environmental information. The position of the cleamng device 18
controlied to clean the cleaning area, so that the drone can be more intelligently controlied for

cleaning and cleaning the exterior wall by the drone 1s done more securely.

(007 3 Please reference Fig 3, Fig. 3 1s a schematic flowchart of an embodiment of a
drone-based cleaning method according to an embodiment of the present disclosure. The

drone-based cleaning method described 1o this embodiment ncludes the following:

0074} 301, Flying to a designated position of the object to be cieaned when the drone

receives a cleaning istruction for cleaning the object to be cleaned.

{07 8] 302, Determuning a cleaning area corresponding o the designated position of the

outer surface of the object to be cleaned.

100761 303 Obtaining an object image of the cleaning area based on a camera of the
drone.

0077 304, Performing image analvsts on the object image to obtain environment
information.

Uik 305 Controlling the cleaning device of the drone (o be flipped {rom below the

drone {0 a position paraliel to the outer surtace according to the environmental information.

075 306, Determining a cleaning strategy according to the environmental information.
0080 307. Controlling the cleaning device to clean the cleaning area according to the

cleaning sirategy.

12



0081 ] ft can be seen that, in the embodiments of the present disclosure, when the drone
receives the cleaning instruction for cleaning the object to be cleaned, the drone tlies to the
designated posttion of the object to be cleaned and determines the cleaning area
corresponding to the designated position of the outer surface of the object to be cleaned. The
camera of the drone obtains the object image of the cieaning area, performs umage analysis
on the object image, obtains environmental information, controls the cleaning device of the
drone to be fipped from below the drone to a posttion parallel {o the outer surface according
to the environmental information, and controls the cleaning device 1o clean the cieaning area,
<o that the drone can be more mnietligently controlled for cleaning, making it safer for the

drone to clean the exterior walls of the object.

0082 ] Referring to Fig. 4, Fig. 4 1s a schematic diagram of the structure of a drone
according to an embodiment of the present disclosure. The drone includes a processor, 4
memory, a communication wnterface, and one or more programs, where the one or more
programs are stored in the above-described memory and are executed by the above-described

processor. The program includes instructions for pertorming the following:

00831 When the drone receives a cleaning instruction for cieaning the object to be
cleaned, flying {0 a designaied position of the object to be cleaned; detenmining a cleaning
area corresponding to the designated posttion of the outer surface of the object to be cleaned;
obtamning environmental information of the cleaning area; controlling a cleaning device of the
drone to be tlipped from below the drone to a position parallel to the outer surface according
to the environmental information; and controlling the cleaning device to clean the cleaning

alead.

0841 In another embodiment, the drone may wnclude an environmental monitoring
device, and the program includes instructions for performing the following to obtain

environmental information of the cleaning area:

0085} {detecting the cleaning area based on the environmental monitoring device of the
drone to obtain dust information; and performing analysis based on the dust information to

obtain environmental information.

086] In another embodiment, the drone may include an environmental monitoring
device, and the program includes instructions for performing the following to obtain

environmental intormation of the cleaning area:
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0087 {btaining an object image of the cleaning area based on a camera of the drone;

and performing 1mage analvsis on the object image to obtain environmental information.

Hikty in another embodiment, for the cleaning device to clean the cleaning area, the

program includes instructions for performing the following:

100891 Determuning a cleamng strategy based on the environmental information; and

controlling the cleaning device 1o clean the cleaning area according o the cleaning strategy.

0090 fn another embodiment, the above program may mclude mstructions for

performing the tollowing:

{3081 ] Obtamming Hlight parameters of the drone, and opening the airbag when the flight

parameter satisfies a preset condition.

{0921 In accordance with the above, please refer to Fig 5. Fig. 5 15 a schematic diagram
of a structure of a drone-based cleaning system according to an embodiment of the present
disciosure. The drone-based cieaning system described in this embodiment mcludes a control

unit 501, a determunation unit 5302, and an obtaining unit 303, as follows:

2

093] The control unit S01 1s configured to control fiving of the drone to a designated
position of the object to be cieaned when the drone receives the cleaning instruction for

cleaning the obiect to be cleaned.

00941 The determination unit 502 15 configured to determine a cleaning area

corresponding to the designated position of the outer surface of the object 10 be cleaned;

HO095] The obtaiming unit 303 1s configured to obtain environment information of the

cleaning area;

0961 The control unit 501 1s further configured to control, according to the
environmental information, a cleanming device of the drone to be fhipped from below the drone
0 a posttion parallel to the outer surface and to control the cleaning device to clean the

cleaning area.

{0097 Optionally, the drone includes an environment momtoring device, and the

obtaining unit 303 15 specitically configured {o:

098} Detect the cleaning area based on the environmental monitoring device of the
drone to obtain dust information; and perform analysis based on the dust information to

obtain environmental intormation.
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00991 {Optionally, the drone includes a camera, and the obtaimning unit 503 15 specifically

configured o

{100 Obtain an object tmage of the cleaning area based on a camera of the drone; and

perform image analysis on the object image to obtain environmental information.

01017 Optionally, while controliing the cleaning device to clean the cleaning ares, the

control untt SO1 1s specifically configured to

0102} Dietermine a cleaning strategy based on the environmental information; and

control the cleaning device to clean the cleaning area according to the cleamng strategy.

{3103 Optionally, the drone wncludes an airbag. The obtaiming unit 503 1s further
configured to obtawn flight parameters of the drone, and the control unit 501 is further

configured to open the airbag when the thight parameter satisfies a preset condition.

01041 It can be seen that, iy the embodiment of the present disclosure, when the drone
recetves the cleaning instruction for cleaning the object to be cleaned, the drone flies to the
designated posiion of the object to be cleaned, determines the cleaning area corresponding to
the designated position of the outer surface of the object to be cleaned, obtains environmental
information of the cleaning area, controls the cleaning device of the drone to be thpped from
below the drone to a position parallel to the cuter surface according to the environmental
information, and controls the cleaming device to clean the cleaming area, so that the cleaning
device can be more intelligently controlled for cleaning and the cleaming of the exterior wall

of the object by the drone is safer.

10105] The embodiments of the present disclosure further provide a computer readable
storage medium, wherein the computer storage medium 1S used to store a computer program,
and the computer program makes a computer perform any of some parts or all of the acts of

the drone-based cleaning methods as described 1o the foregoing method embodiments.

{3106} The embodiments of the present disclosure turther provide a computer program
product, wherein the computer program product comprises a non-transitory computer
readable storage medium storing a computer program, the computer program being operative
to cause a computer to execute any of the acts described in any of the drone-based cleaning

methods.

{31073 it should be noted that, for the foregoing method emabodiments, as a brief

description, they are all described as a sernies of action sequences, but those skilled 1n the art
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should understand that the present disclosure 1s not limtted by the described action sequence.
Certain acts may be performed in other sequences or concurrently 1n accordance with the
present disclosure. In the following, those skilled 1n the art should also understand that the
embodiments described 1n the specification are all preferred embodiments, and the actions
and embodiments mvolved are not necessarily required by the present apphication. In the
above embodiments, the descriptions of the varnious embodiments are all focused on, and the
parts that are not detaded 1n a certain embodiment can be referred to i the related

descriptions of other embodiments.

10108] In the several embodiments provided herein, it should be understood that the
disclosed apparatus may be implementied tn other ways. For example, the embodiments of
the apparatus described above are merely illustrative. For example, the division of the unit is
only a logical function division. In actual implementation, there may be another division
manner. For example, muliiple units or components may be combined or may be integrated
into another system, or some features can be 1gnored or not execuied. In addiion, the mutual
coupling or direct coupling or communication connection shown or discussed may be an
indirect coupling or communication connection through some intertace, apparatus, or unit,

and may be electrical or other torm.
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