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UNMANNED AERIAL VEHICLE, METHOD AND SYSTEM

FOR PROVIDING CLEANING SERVICE FOR VEHICLE

FIELD OF THE INVENTION

[0001] The present disclosure relates in general to a field of providing a cleaning

service for a vehicle, and in more particular, to an unmanned aerial vehicle, as well as a

method, a system, and a non-transitory computer readable medium for providing a cleaning

service for a vehicle.

BACKGROUND OF THE INVENTION

[0002] In current market there are several vehicle cleaning service providers aiming

to provide convenient and personalized vehicle cleaning reservation services via mobile apps.

Several service providers even have introduced the delivery vehicle cleaning services, saving

a vehicle owner from an effort of driving the vehicle to a vehicle cleaning station. The service

gained some popularity among a few target customers.

SUMMARY OF THE INVENTION

[0003] An aspect of the present disclosure aims to provide an unmanned aerial

vehicle, as well as a method, a system, and a non-transitory computer readable medium for

providing a cleaning service for a vehicle.

[0004] In accordance with a first exemplary embodiment of the present disclosure, a

method implemented by at least one unmanned aerial vehicle for providing a cleaning service

for a vehicle is provided, comprising: cleaning the vehicle, wherein the cleaning comprises a

washing process comprising: flying according to a first path; and washing the vehicle using a

washing module while flying according to the first path, wherein the first path is based on 3D

shape data of the vehicle.

[0005] In an example of the present embodiment, the first path: is further calculated

based on the 3D shape data; or is further received from a device, wherein the device

calculates the first path based on the 3D shape data.

[0006] In another example of the present embodiment, the method may further

comprise before the cleaning: resting in a compartment of the vehicle or another; and flying

out of the compartment when a pre-set condition is satisfied.

[0007] In another example of the present embodiment, the method may further



comprise before the cleaning: arriving at a vicinity of the vehicle based on positioning and/or

identifying the vehicle, wherein the identifying is based on the 3D shape data.

[0008] In another example of the present embodiment, the method may further

comprise before the cleaning: detecting a dirty level and/or a dirt distribution of the vehicle

and determine a scheme for the cleaning according to the dirty level and/or the detected dirt

distribution.

[0009] In another example of the present embodiment, the method may further

comprise before the cleaning: checking whether a door and/or a window of the vehicle is

closed; and if the door and/or the window is not closed, sending a notification to a user and

waiting the door and/or the window to be closed; or controlling the door and/or the window

to be closed, wherein the checking is based on the 3D shape data.

[0010] In another example of the present embodiment, the cleaning may further

comprise a pre-washing process before the washing process, wherein the pre-washing process

comprises: detecting an object on the vehicle that need to be removed before the washing

process; flying according to a second path; and removing the object using a pre-washing

module while flying according to the second path.

[0011] In another example of the present embodiment, the cleaning may further

comprise a drying process after the washing process, wherein the drying process comprises:

flying according to a third path; and drying the vehicle using at least one rotor of the at least

one unmanned aerial vehicle while flying according to the third path.

[0012] In another example of the present embodiment, the method may further

comprise after the cleaning: sending a report to a user to indicate completion of the cleaning,

wherein the report includes: one or more pictures/videos that captured after the cleaning; or

one or more pictures/videos that captured before and after the cleaning.

[0013] In another example of the present embodiment, the method may further

comprise sending status of the at least one unmanned aerial vehicle and/or a progress of

providing the cleaning service to a user.

[0014] In another example of the present embodiment, the method may further

comprise receiving a command from a user and starting to provide the cleaning service after

receiving the command.

[0015] In another example of the present embodiment, the positioning may be

performed based on LoRa and/or WiFi positioning technology.

[0016] In accordance with a second exemplary embodiment of the present disclosure,

a method for providing a cleaning service for a vehicle is provided, comprising: a control



device receiving a reservation for the service from a user; if the reservation is confirmed, the

control device assigning at least one unmanned aerial vehicle to provide the service; and the

at least one unmanned aerial vehicle cleaning the vehicle comprising: flying according to a

first path; and washing the vehicle using a washing module while flying according to the first

path, wherein the first path is based on 3D shape data of the vehicle.

[0017] In an example of the present embodiment, the first path may be further

calculated by the at least one unmanned aerial vehicle based on the 3D shape data, wherein

the 3D shape data are sent by the control device to the at least one unmanned aerial vehicle;

or may be further received by the at least one unmanned aerial vehicle from the control

device, wherein the control device calculates the first path based on the 3D shape data and

sends the first path to the at least one unmanned aerial vehicle.

[0018] In accordance with a third exemplary embodiment of the present disclosure, a

method implemented by at least one unmanned aerial vehicle for providing a cleaning service

for a vehicle is provided, comprising: receiving a reservation for a cleaning service from the

vehicle or another; confirming the reservation; and starting to clean the vehicle when a

pre-set condition is satisfied, wherein the cleaning comprising: flying according to a first path;

and washing the vehicle using a washing module while flying according to the first path,

wherein the first path is based on 3D shape data of the vehicle.

[0019] In accordance with a fourth exemplary embodiment of the present disclosure,

an unmanned aerial vehicle for providing a cleaning service for a vehicle is provided,

comprising: a main body; an aircraft module configured to fly according to a first path; a

washing module, attached to the main body removably, configured to wash the vehicle while

flying according to the first path; and a calculating module configured to calculate the first

path based on 3D shape data of the vehicle.

[0020] In an example of the present embodiment, the unmanned aerial vehicle may

further comprise at least one of: an identifying module configured to identify the vehicle

based on the 3D shape data; a checking and notifying module configured to check whether a

door and/or a window of the vehicle is closed based on the 3D shape data and send a

notification to a user if the door and/or the window is not closed; a pre-washing module,

attached to the main body removably, configured to remove an object on the vehicle that need

to be removed before washing while the aircraft module flying according to a second path; a

rotor configured to dry the vehicle while the aircraft module flying according to a third path;

a waxing module, attached to the main body removably, configured to wax the vehicle while

the aircraft module flying according to a fourth path; and a reporting module configured to



send a report to the user to indicate completion of the service.

[0021] In another example of the present embodiment, the unmanned aerial vehicle

may further comprise a distance sensor configured to sense the distance between the vehicle

and the unmanned aerial vehicle.

[0022] In another example of the present embodiment, the unmanned aerial vehicle

may further comprise two or more distance sensors attached onto the bottom of the unmanned

aerial vehicle with pre-determined distanced therebetween, wherein the two or more distance

sensors are configured to enable the unmanned aerial vehicle to keep a specific attitude by

sensing the distance between each of the sensors and the vehicle.

[0023] In accordance with a fifth exemplary embodiment of the present disclosure, a

system for providing a cleaning service for a vehicle is provided, comprising: a control

device configured to: receive a reservation for the service from a user; and if the reservation

is confirmed, assign at least one unmanned aerial vehicle to provide the service, and the at

least one unmanned aerial vehicle configured to: fly according to a first path; and wash the

vehicle using a washing module while flying according to the first path, wherein the first path

is based on 3D shape data of the vehicle.

[0024] In an example of the present embodiment, the first path may be further

calculated by the at least one unmanned aerial vehicle based on the 3D shape data, wherein

the 3D shape data are sent by the control device to the at least one unmanned aerial vehicle;

or may be further received by the at least one unmanned aerial vehicle from the control

device, wherein the control device calculates the first path based on the 3D shape data and

sends the first path to the at least one unmanned aerial vehicle.

[0025] In accordance with a sixth exemplary embodiment of the present disclosure, a

system for providing a cleaning service for a vehicle is provided, comprising: one or more

processors; and one or more memories configured to store a series of computer executable

instructions, wherein the series of computer executable instructions, when executed by the

one or more processors, cause the one or more processors to perform the above mentioned

method.

[0026] In accordance with a eighth exemplary embodiment of the present disclosure,

a non-transitory computer readable medium having instructions stored thereon that, when

executed by one or more processors, causing the one or more processors to perform the steps

of the above mentioned method is provided.

BRIEF DESCRIPTION OF THE DRAWINGS



[0027] The above and other aspects and advantages of the present disclosure will

become apparent from the following detailed description of exemplary embodiments taken in

conjunction with the accompanying drawings which illustrate, by way of example, the

principles of the present disclosure. Note that the drawings are not necessarily drawn to scale.

[0028] Fig. 1 illustrates a flow chart of a method for cleaning a vehicle by at least one

unmanned aerial vehicle (UAV) in accordance with an exemplary embodiment of the present

disclosure.

[0029] Fig. 2 illustrates a flow chart of a method for providing a cleaning service for a

vehicle in accordance with another exemplary embodiment of the present disclosure.

[0030] Fig. 3 illustrates a flow chart of a method for providing a cleaning service for a

vehicle in accordance with another exemplary embodiment of the present disclosure.

[0031] Fig. 4 illustrates a flow chart of a method for providing a cleaning service for a

vehicle in accordance with another exemplary embodiment of the present disclosure.

[0032] Fig. 5 illustrates a flow chart of a method for providing a cleaning service for a

vehicle in accordance with another exemplary embodiment of the present disclosure.

[0033] Fig. 6 illustrates a flow chart of a method for providing a cleaning service for a

vehicle in accordance with another exemplary embodiment of the present disclosure.

[0034] Fig. 7 illustrates a flow chart of a method for providing a cleaning service for a

vehicle in accordance with another exemplary embodiment of the present disclosure.

[0035] Fig. 8 illustrates a block diagram of a UAV for providing a cleaning service for

a vehicle in accordance with another exemplary embodiment of the present disclosure.

[0036] Fig. 9 illustrates a block diagram of a UAV for providing a cleaning service for

a vehicle in accordance with another exemplary embodiment of the present disclosure.

[0037] Fig. 10 illustrates a block diagram of a system for providing a cleaning service

for a vehicle in accordance with another exemplary embodiment of the present disclosure.

[0038] Fig. 11 illustrates a general hardware environment wherein the present

disclosure is applicable in accordance with another exemplary embodiment of the present

disclosure.

[0039] Fig. 12 schematically shows a UAV for providing a cleaning service for a

vehicle in accordance with another exemplary embodiment of the present disclosure, wherein

a washing module of the UAV is not rotated in (a), and the washing module is rotated in (b).

[0040] Fig. 13 schematically shows a UAV for providing a cleaning service for a

vehicle in accordance with another exemplary embodiment of the present disclosure, wherein

the UAV with two distance sensors may keep a specific attitude by using these sensors.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0041] In the following detailed description, numerous specific details are set forth to

provide a thorough understanding of the described exemplary embodiments. It will be

apparent, however, to one skilled in the art that the described embodiments can be practiced

without some or all of these specific details. In other exemplary embodiments, well known

structures or process steps have not been described in detail in order to avoid unnecessarily

obscuring the concept of the present disclosure.

[0042] The term “vehicle” used through the specification refers to a car, an airplane, a

helicopter, a ship, or the like.

[0043] The term “unmanned aerial vehicle” or “ETAV” used through the specification

refers to a machine able to fly, including an unmanned drone, an unmanned helicopter, an

unmanned robot, an unmanned aerial system, or the like. The UAV according to the present

disclosure may have functions of an unmanned ground vehicles or an unmanned water

vehicles. The UAV according to the present disclosure may pilot itself or be piloted by a

control apparatus or an operator. The UAV according to the present disclosure may have a

wing/wings or have no wing. The wing of the UAV according to the present disclosure may

be fixed or rotary.

[0044] The term “clean” used through the specification refers to making something

cleaner by washing, flushing, brushing, wiping, vacuuming, blowing, or the like.

[0045] The term “wash” used through the specification refers to making something

cleaner with or without water, soap, detergent, or the like.

[0046] The term “attitude” used through the specification refers to a posture or a

gesture of a UAV, e.g., an orientation or a tilt angle of the UAV with respect to another entity.

[0047] The term “rest” used through the specification refers to being in a position

where something is supported or accommodated rather than not doing anything.

[0048] The term “door” used through the specification refers to a component that may

move to open and close an entrance to a compartment of a vehicle, comprising a side door, a

rear door, a trunk lid of a vehicle, and the like.

[0049] The term “attached to” used through the specification refers to attaching

directly or via an intermediate component. The attaching according to the present disclosure

may be mechanically or magnetically.

[0050] The term “A or B” used through the specification refers to “A and B” and “A

or B” rather than meaning that A and B are exclusive, unless otherwise specified.



[0051] The term “and/or” used through the specification refers to any and all

combinations of one or more of the associated listed items.

[0052] The terms “vertical”, “horizontal” and similar expression used through the

specification are intended for the purposes of illustration only.

[0053] Referring first to Fig. 1, it illustrates a flow chart showing method 100 for

providing a cleaning service for a vehicle in accordance with an exemplary embodiment of

the present disclosure. Method 100 may be performed by e.g. a UAV to be described

hereinafter, or other entities. The steps of method 100 presented below are intended to be

illustrative. Method 100 may comprise cleaning the vehicle by at least one UAV, wherein the

cleaning comprises a washing process and the washing process comprises steps 110 and 120.

[0054] In some embodiments, the at least one UAV may receive a command form a

user and start method 100 once receiving the command, so the user may trigger the UAV to

start cleaning. The user may be for example a person, a device (e.g., a mobile device, a smart

phone, a remoter control, or the like), or an autonomous vehicle that made a reservation for

the cleaning service. In some embodiments, the user may be an owner or a supervisor of the

vehicle which may be a person, a device, or a vehicle. In some embodiments, the user may be

a controller of the vehicle.

[0055] At step 110, flying according to a first path may be performed. At step 120, the

at least one UAV may wash the vehicle using a washing module while flying according to the

first path. The first path may be suitable for the shape of the vehicle. In some cases, the first

path may also be suitable for the characteristic of the washing model, e.g. the shape, size,

operating status (e.g., traveling distance and rotating angle), or the like. In some embodiments,

the first path may be calculated by the UAV based on 3D shape data of the vehicle, which

may be obtained in advance. In some embodiments, the first path may be calculated also by at

least one characteristic of the washing module. In some embodiments, the first path may be

received from another entity, for example, the control device to be described hereinafter.

Wherein the entity calculates the first path based on the 3D shape data. In some embodiments,

method 100 may be performed by a plurality of UAVs in cooperation with each other. Each

of the plurality of UAVs may have an individual first path. The individual first path may be

calculated by the each of the plurality of UAVs itself or be received form another entity. The

entity may calculate a plurality of first paths for the plurality of UAVs and may send each of

the plurality of first paths to each of the plurality of UAVs respectively.

[0056] The 3D shape data mentioned above may be a CAD model, which can be

obtained e.g. from other entities, or may be stored in a storage device of a UAV.



[0057] The washing module may include at least one of a water tank, a foam tank, a

detergent tank, a sprayer, a shower, a nozzle, a vacuum, a brush, and a wiper. The washing

model may travel and rotate with respect to a main body of the UAV.The operating status of

the washing model may be adjusted by travelling and/or rotating with respect to the main

body. The washing module may be a part of the UAV, one or more devices placed in a

compartment of the vehicle or another vehicle, or one or more devices placed in a station (e.g.,

a service station, a charging station, a docking station, or the like) for the cleaning service. In

some embodiments, the washing module may be replaced for example if the water tank is

empty, the wiper is dirty, or the like.

[0058] In some embodiments, the UAV may detect a dirty level and/or a dirt

distribution of the vehicle before the cleaning and determine a scheme for the cleaning

according to the dirty level and/or the dirt distribution detected. For example, the UAV may

take some pictures or videos for the vehicle via a camera before the cleaning, and detect the

dirty level and/or the dirt distribution of the vehicle according to the pictures or videos. The

scheme of the cleaning may include a number of times and/or a speed for the cleaning, a

region of the vehicle to be cleaned focusedly, amount of detergent, water, or battery power to

be consumed, or the like. For example, if the dirty level detected is above a first threshold,

the UAV may determine that the cleaning will be performed more than once, in a lower speed,

with more detergent and/or water, or the like. For example, if the dirty distribution detected

indicate that a side surface of the vehicle is dirtier than other regions, the UAV may determine

to clean the side surface more than once, in a lower speed, with more detergent and/or water,

or the like. For example, the UAV may calculate amount of water, detergent, or battery power

to be consumed according to the dirty level and/or the dirt distribution detected, so as to

determine if a whole cleaning service may be provided based on amount of water, detergent,

or battery power of the UAV. If determining a whole cleaning service may not be provided,

the UAV may send a notification to a user.

[0059] In some embodiments, the UAV may send status of the UAV and/or a progress

of the cleaning service to the user. For example, the UAV may send status of the UAV to the

user in real time, in near real time, or periodically. The status of the UAV may include

remaining power of the battery, remaining amount of water in the water tank, remaining

amount of detergent in the detergent tank, damage status, dirty status, or wear status of the

brushes or wipers, failure status of the cleaning, or the like. In some embodiments, the user

may recharge or replace the battery, refill the water tank or the detergent tank, replace the

brushes or wipers, restart or reset the UAV manually according to the received status. In some



embodiments, the UAV may send a progress of the cleaning service. For example, the

progress may include the UAV is ready for the cleaning service, the cleaning service is started,

the pre-washing process is performing, the washing process is performing, the drying process

is performing, the waxing process is performing, the cleaning is completed, the cleaning is

failed, and so on. The progress of the cleaning service may be updated in real time, in near

real time, or periodically, so that the user may learn the progress of the cleaning service at

any time.

[0060] Referring to Fig. 2, it illustrates a flow chart showing method 200 for

providing a cleaning service for a vehicle in accordance with another exemplary embodiment

of the present disclosure. Method 200 may be performed by e.g. a UAV to be described

hereinafter, or other entities. The steps of method 200 presented below are intended to be

illustrative.

[0061] As shown in Fig. 2, at step 210, the UAV may rest in a compartment of a

vehicle. In some embodiments, the vehicle may be the target vehicle for which the cleaning

service will be provided, or may be another vehicle. In some embodiments, the vehicle may

be an autonomous vehicle (e.g. an unmanned vehicle). The compartment may be a passenger

compartment (e.g., a cab, a cockpit, or the like) or a cargo compartment (e.g. a trunk) of the

vehicle.

[0062] In another exemplary embodiment of the present disclosure, resting in a

station (e.g., a service station, a charging station, a docking station, or the like) may be

performed alternatively at step 210.

[0063] At step 220, whether a pre-set condition is satisfied may be determined. In

some embodiments, the pre-set condition may be a time to depart or to start the cleaning

service. In some embodiments, the pre-set condition may be a period, e.g. 3 hours from a

certain time. In some embodiments, the pre-set condition may be a condition or an event, e.g.,

after snowing or after a sand storm. In some embodiments, the pre-set condition may be a

command (e.g., in a form of a message, a signal, or the like) from another entity, e.g., from a

user who make a reservation for the cleaning service or the target vehicle.

[0064] At steps 230 and 240, flying out of the compartment of the vehicle may be

performed when the pre-set condition is satisfied. In some embodiments, when the pre-set

condition is satisfied, the UAV may send a command to the vehicle in which the UAV is

resting. The vehicle may, in response to the command, open a door, a lid, and/or a window to

let the UAV out.

[0065] At step 250 the UAV may clean the vehicle. Step 250 may be the same as



method 100 or 700, and thus their details are omitted here.

[0066] Referring to Fig. 3, it illustrates a flow chart showing method 300 for

providing a cleaning service for a vehicle in accordance with another exemplary embodiment

of the present disclosure. Method 300 may be performed by e.g. a UAV to be described

hereinafter, or other entities. The steps of method 300 presented below are intended to be

illustrative.

[0067] As shown in Fig. 3, at step 310, arriving at a vicinity of a target vehicle may be

performed. The target vehicle may be a vehicle or a portion of a vehicle that a cleaning

service may be performed, which does not have to be dirty, with unwanted marks, or the like.

In some embodiments, step 310 may be performed based on positioning the UAV itself and

the target vehicle. For example, the positioning may be performed based on LoRa and/or

WiFi positioning technology so that the positioning information may be 3D positioning

information with centimeter accuracy, including longitude information, latitude information,

and altitude information. Positioning information indicating the location of the target vehicle

may be obtained in advance, positioning information indicating the location of the UAV may

be obtained in real-time or near real-time, and step 310 may be performed based on the

positioning information. The positioning may also be performed based on GPS or other

positioning technologies. In some embodiments, for example accurate positioning

information could not be obtained, step 310 may be performed based on identifying the target

vehicle alternatively or additionally. The identifying may be performed based on the shape,

size, color, license number of the target vehicle, and/or the like. Shape information (e.g., 3D

shape data), size information, color information, license number information of the target

vehicle may be obtained in advance, and identifying the target vehicle using these

information and thus arriving at the vicinity of the target vehicle may be performed.

Additionally, the UAV may be equipped with one or more distance sensors, e.g., ultrasound

sensors, to sense the distance information between the UAV and the target vehicle, so that the

UAV may arrive at the vicinity of the target vehicle with the help of the distance information.

For example, at step 310, the UAV may arrive at a distance of 50cm from the target vehicle.

[0068] At step 320, whether a door and/or a window of the target vehicle is closed

may be checked. Step 320 may be performed based on the 3D shape data, i.e., the UAV may

check whether a door and/or a window of the target vehicle is closed based on the 3D shape

data of the target vehicle. In some embodiments, the 3D shape data presenting the target

vehicle with all doors and all windows closed. The UAV may perform the checking by

comparing an outline or an appearance of the target vehicle detected by the UAV with the 3D



shape data, especially at a region of a door and/or a window. In some embodiments, the

checking may be performed by a distance sensor (e.g., an ultrasound sensor) detecting at the

region of a door and/or a window. The region of a door and/or a window may be determined

via the 3D shape data of the target vehicle.

[0069] At steps 330 and 340, a notification may be sent to a user if the door and/or the

window is not closed. In some embodiments, the user may be a person, a device or an

autonomous vehicle that made a reservation for the cleaning service. In some embodiments,

the user may be an owner or a supervisor of the target vehicle which may be a person, a

device, or a vehicle. In some embodiments, the user may be a controller of the target vehicle.

After receiving the notification, the user may control the target vehicle to close the door

and/or the window.

[0070] At step 350, the UAV may check whether the door and/or the window is

closed periodically and go forward to step 360 if the door and/or the window is closed. In

some embodiments, the user may notify the UAV that the door and/or the window has been

closed and thus step 350 may be omitted in this case.

[0071] In some embodiments, the UAV may control the door and/or the window to be

closed by itself. In this case, a pairing (e.g., Bluetooth pairing) may be finished before or an

authorization may be obtained before. Thus the UAV may control the door and/or the window

automatically even if there are some safety barriers.

[0072] Step 360 may be the same as method 100 or 700, and thus their details are

omitted here.

[0073] Referring to Fig. 4, it illustrates a flow chart showing method 400 for

providing a cleaning service for a vehicle in accordance with another exemplary embodiment

of the present disclosure. Method 400 may be performed by e.g. a UAV to be described

hereinafter, or other entities. The steps of method 400 presented below are intended to be

illustrative.

[0074] As shown in Fig. 4, at step 410 one or more pictures or videos may be

captured before step 420. The pictures or videos may present a status of the vehicle before the

cleaning.

[0075] Step 420 may be the same as method 100 or 700, and thus their details are

omitted here.

[0076] At step 430, one or more pictures or videos may be captured after completion

of step 420.

[0077] At step 440, a report indicate completion of the cleaning may be sent to a user.



In some embodiments, the user may be a person, a device, or an autonomous vehicle that

made a reservation for the cleaning service. In some embodiments, the user may be an owner

or a supervisor of the target vehicle which may be a person, a device, or a vehicle. In some

embodiments, the user may be a controller of the target vehicle.

[0078] In some embodiments, the report may include the one or more pictures or

videos captured at step 430. The user may review the pictures to learn how clean the target

vehicle may currently be. If the user are not satisfied with the clean degree of the target

vehicle, the user may request the UAV to clean the target vehicle again. Step 420 may be

re-performed to make the target vehicle much cleaner.

[0079] In some embodiments, the report may further include one or more pictures or

videos captured at step 410, such that the user may learn the status (or dirty status, dirty

distribution, or the like) of the vehicle before the cleaning visually. Thus the user may further

know the differences between the target vehicle before cleaning and that after cleaning by

comparison of the pictures or videos.

[0080] In some embodiments, the report may not include any picture or video and

thus both step 410 and step 430 may be omitted in this case.

[0081] Referring to Fig. 5, it illustrates a flow chart showing method 500 for

providing a cleaning service for a vehicle in accordance with another exemplary embodiment

of the present disclosure. Method 500 may be performed by e.g. a control device to be

described hereinafter, or other entities. The steps of method 500 presented below are intended

to be illustrative.

[0082] As shown in Fig. 5, at step 510, a reservation for a cleaning service from a

user may be received by a control device. The reservation for the cleaning service may be

made by a user for a target vehicle. The user may be a person, a device, or an autonomous

vehicle. In some embodiments, the user may be an owner (e.g. a person or a device) of the

target vehicle. In this case, the user may make a reservation for the vehicle owned by the user

or for other vehicles. In some embodiments, the user may be a supervisor of the target vehicle.

In this case, the user may make a reservation for the vehicle supervised by the user or for

other vehicles. In some embodiments, the user may be a controller (e.g. a control center of an

autonomous vehicle) of the target vehicle. In this case, the user may make a reservation for

the vehicle controlled by the controller or for other vehicles.

[0083] At step 520, the reservation may be confirmed by the control device. In some

embodiments, if there is at least one UAV capable of doing the cleaning service at a certain

time that the reservation indicates, the reservation may be confirmed.



[0084] At step 530, at least one UAV capable of doing the cleaning service may be

assigned by the control device to provide the cleaning service.

[0085] At step 540, the at least one UAV may perform one of methods 100 to 400 and

700 or the combination thereof.

[0086] Referring to Fig. 6, it illustrates a flow chart showing method 600 for

providing a cleaning service for a vehicle in accordance with another exemplary embodiment

of the present disclosure. Method 600 may be performed by e.g. a UAV to be described

hereinafter, or other entities. The steps of method 600 presented below are intended to be

illustrative.

[0087] As shown in Fig. 6, at step 610, a reservation for a cleaning service from a

vehicle may be received by the UAV. In some embodiments, the vehicle may be a

neighboring vehicle. In some embodiments, the reservation may be made by a controller (e.g.

a control center of an autonomous vehicle), an owner or a supervisor of the neighboring

vehicle.

[0088] At step 620, the reservation may be confirmed by the UAV. In some

embodiments, if the UAV is capable of do the cleaning service for the neighboring vehicle at

a certain time that the reservation indicates, the reservation may be confirmed.

[0089] Steps 630, 640, and 660 may be the same as steps 220, 230, and 250

respectively, and thus their details are omitted here.

[0090] Referring to Fig. 7, it illustrates a flow chart showing method 700 for

providing a cleaning service for a vehicle in accordance with another exemplary embodiment

of the present disclosure. Method 700 may be performed by e.g. a UAV to be described

hereinafter, or other entities. The steps of method 700 presented below are intended to be

illustrative.

[0091] As shown in Fig. 7, method 700 may be the cleaning mentioned above. In

some embodiments, method 700 may comprise a pre-washing process 710, a washing process

720, a drying process 730, and a waxing process 740.

[0092] The pre-washing process 710 may comprise detecting an object that need to be

removed before the washing process 720; flying according to a second path; and removing

the object using a pre-washing module while flying according to the second path. In some

embodiments, the object may be dust, sand, stone that may scratch the target vehicle. In this

case, the pre-washing module may be a flusher, a vacuum, air nozzle, or the like. In some

embodiments, the object may be an unwanted mark, drawings, or the like. The pre-washing

module may be a wiper or a bush with foam, soap, detergent, or the like. The pre-washing



module may be a part of the UAV,one or more devices placed in a compartment of the vehicle

or another vehicle, or one or more devices placed in a station (e.g., a service station, a

charging station, a docking station, or the like) for the cleaning service. In some embodiments,

the second path may be suitable for the shape of the target vehicle. In some cases, the second

path may also be suitable for the position of the object and/or the characteristic of the

pre-washing model. The second path may be calculated by e.g. the UAV based on 3D shape

data of the target vehicle, or may be received from other entities. In some embodiments, the

pre-washing process 710 may be performed by a plurality of UAVs in cooperation with each

other. Each of the plurality of UAVs may have an individual second path.

[0093] The washing process 720 may comprise: flying according to the first path

described above; and washing, using a washing module, the target vehicle while flying

according to the first path. The first path may be suitable for the shape of the target vehicle.

In some cases, the first path may also be suitable for the characteristic of the washing model.

In some embodiments, the first path may be calculated by e.g. the UAV based on 3D shape

data of the target vehicle, or may be received from other entities. In some embodiments, the

washing process 720 may be performed by a plurality of UAVs in cooperation with each

other. Each of the plurality of UAVs may have an individual first path. The individual first

path may be calculated by the each of the plurality of UAVs itself or be received form another

entity. The entity may calculate a plurality of first paths for the plurality of UAVs and may

send each of the plurality of first paths to each of the plurality of UAVs respectively. The

washing module may comprise at least one of a water tank (e.g., which may contain water or

other liquid for leaning), a detergent tank (e.g., which may output foam, soap, or the like), a

shower, a flusher, a vacuum, air nozzle, a wiper (e.g., which may shake or vibrate to wipe a

surface of the target vehicle), a bush (e.g., which may shake, vibrate or rotate to brush a

surface of the target vehicle), or the like. The washing module may be a part of the UAV,one

or more devices placed in a compartment of the vehicle or another vehicle, or one or more

devices placed in a station (e.g., a service station, a charging station, a docking station, or the

like) for the cleaning service.

[0094] The drying process 730 may comprise flying according to a third path and

drying the target vehicle while flying according to the third path. In some embodiments, the

UAV may have at least one rotor, and drying the target vehicle may be performed using the at

least one rotor. The at least one rotor may compel air to flow and thus lift the UAV up. The

drying process 730 may utilize the flowing air to blow the target vehicle after the washing

process 720 to make it dry faster. The UAV may fly according to the third path suitable for



the shape of the target vehicle (sometimes also suitable for the characteristic of the at least

one rotor). The third path may be calculated by e.g. the UAV based on 3D shape data of the

target vehicle, or may be received from other entities. In some embodiments, the drying

process 730 may be performed by a plurality of UAVs in cooperation with each other. Each

of the plurality of UAVs may have an individual third path.

[0095] The waxing process 740 may comprise flying according to a fourth path and

waxing the target vehicle using a waxing module while flying according to the fourth path.

The waxing module may comprise a vehicle wax tank, a sprayer and a wiper for the wax, or

the like. The waxing module may be a part of the UAV, one or more devices placed in a

compartment of the vehicle or another vehicle, or one or more devices placed in a station (e.g.,

a service station, a charging station, a docking station, or the like) for the cleaning service.

The fourth path may be suitable for the shape of the target vehicle. In some cases, the fourth

path may also be suitable for the characteristic of the waxing model. The fourth path may be

calculated by e.g. the UAV based on 3D shape data of the target vehicle, or may be received

from other entities. In some embodiments, the waxing process 740 may be performed by a

plurality of UAVs in cooperation with each other. Each of the plurality of UAVs may have an

individual fourth path.

[0096] Any one of the first path, the second path, the third path and the fourth path

described above may be the same with or different from another one.

[0097] In some embodiments, any of the methods described above may be

accomplished with one or more additional steps or processes not described, and/or without

one or more of the steps or processes discussed. Additionally, the order in which the steps or

processes of the methods are illustrated in the figure and described as below is not intended to

be limiting. In some embodiments, the methods may be implemented in one or more

processing devices (e.g., a digital processor, an analog processor, a digital circuit designed to

process information, an analog circuit designed to process information, a state machine,

and/or other mechanisms for electronically processing information). The one or more

processing devices may include one or more modules executing some or all of steps or

processes of the methods in response to instructions stored electronically on an electronic

storage medium. The one or more processing modules may include one or more devices

configured through hardware, firmware, and/or software to be specifically designed for

execution of one or more of steps or processes of the methods.

[0098] Fig. 8 illustrates a block diagram of a UAV 800 for providing a cleaning

service for a vehicle (e.g., method 100 as shown in Fig. 1) in accordance with an exemplary



embodiment of the present disclosure. The UAV 800 may be implemented by hardware,

software, firmware, or any combination thereof to carry out the principles of the present

disclosure. It is understood by those skilled in the art that the blocks described in Fig. 8 may

be combined or separated into sub-blocks to implement the principles of the present

disclosure as described above. Therefore, the description herein may support any possible

combination or separation or further definition of the blocks described herein.

[0099] Referring to Fig. 8, the UAV 800 for providing a cleaning service for a vehicle

may comprise: an aircraft module 810 configured to fly according to a first path; a washing

module 820, attached to a main body of the unmanned aerial vehicle removably, configured

to wash the vehicle while flying according to the first path; and a calculating module 840

configured to calculate the first path based on 3D shape data of the vehicle and sometimes

also based on at least one characteristic of the washing module 820.

[00100] The aircraft module 810 may fly under its own power to a location in an

unmanned manner and may also fly according to a path, e.g. the first path. The first path may

be suitable for the shape of the target vehicle and sometimes may also be suitable for the

characteristic of the washing model. In some embodiments, the first path may be calculated

by e.g. the UAV based on 3D shape data of the target vehicle, or may be received from other

entities. In some embodiments, the washing process 720 may be performed by a plurality of

UAVs in cooperation with each other. Each of the plurality of UAVs may have an individual

first path. The individual first path may be calculated by the each of the plurality of UAVs

itself or be received form another entity. The entity may calculate a plurality of first paths for

the plurality of UAVs and may send each of the plurality of first paths to each of the plurality

of UAVs respectively.

[00101] The washing module 820 may comprise at least one of a water tank (e.g.,

which may contain water or other liquid for leaning), a detergent tank (e.g., which may

output foam, soap, or the like), a sprayer, a shower, a flusher, a vacuum, air nozzle, a wiper

(e.g., which may shake or vibrate to wipe a surface of the target vehicle), a bush (e.g., which

may shake, vibrate or rotate to brush a surface of the target vehicle), or the like. In some

embodiments, the washing model 820 may travel and rotate with respect to a main body of

the UAV as shown in Fig. 12. The operating status of the washing model 820 may be adjusted

by travelling and/or rotating with respect to the main body. Referring to Fig. 12, the washing

model 820 comprise a tank 121, four brushes 122, and a mechanism 123 that may be able to

make the four brushes 122 travel and rotate with respect to the main body 124. By comparing

(b) with (a) in Fig. 12, it can be seen that the mechanism 123 may rotate in the direction A as



shown in (b), to make the four brushes 122 change to a vertical position suitable for cleaning

a side surface of the target vehicle as shown in (b) from a horizontal position suitable for

cleaning a ceiling surface of the target vehicle as shown in (a). Although the travelling of the

four brushes 122 is not shown, it is appreciated that the four brushes 122 may travel in any

direction, e.g., vertical, horizontal, inclined direction, or the like.

[00102] The washing module 820 may attach to the main body removably, therefore

the washing module 820 may be removed and replace with another module.

[00103] The calculating module 840 may calculate the path based on the 3D shape data

of the target vehicle and sometimes also based on at least one characteristic of the washing

module. The calculating module 840 may be any kinds of processing devices that can

implement data computing.

[00104] Fig. 9 illustrates a block diagram of a UAV 900 for a cleaning service (e.g.,

any of methods 100, 200, 300, 400, 600, and 700 as shown in Figs. 1, 2, 3, 4, 6, and 7

respectively) in accordance with another exemplary embodiment of the present disclosure.

The UAV 900 may be implemented by hardware, software, firmware, or any combination

thereof to carry out the principles of the present disclosure. It is understood by those skilled

in the art that the blocks described in Fig. 9 may be combined or separated into sub-blocks to

implement the principles of the present disclosure as described above. Therefore, the

description herein may support any possible combination or separation or further definition of

the blocks described herein.

[00105] Referring to Fig. 9, the UAV 900 for a cleaning service may comprise: an

aircraft module 910, a washing module 920, and a calculating module 940 which may be the

same as modules 810, 820, and 840 respectively, and thus their details are omitted here.

[00106] The UAV 900 may further comprise at least one of: an identifying module 950

configured to identify the target vehicle based on the 3D shape data; a checking and notifying

module 940 configured to check whether a door and/or a window of the vehicle is closed

based on the 3D shape data and send a notification to a user if the door and/or the window is

not closed; a pre-washing module 960, attached to the main body removably, configured to

remove an object on the vehicle that need to be removed before washing while the aircraft

module 910 flying according to a second path; a rotor 970 configured to dry the vehicle while

the aircraft module 910 flying according to a third path; a waxing module 980, attached to the

main body removably, configured to wax the vehicle while the aircraft module 910 flying

according to a fourth path; and a reporting module 990 configured to send a report to the user

to indicate completion of the cleaning service.



[00107] The identifying module 950 may perform the identifying based on the shape,

size, color, license number of the target vehicle, and/or the like. In some embodiments, the

identifying module 950 may identify the target vehicle based on the 3D shape data, e.g., a

CAD model. Shape information (e.g., a CAD model), size information, color information,

license number information of the target vehicle may be obtained in advance, and the

identifying module 950 may use these information to identify the target vehicle and thus

arrive at the vicinity of the target vehicle. Please note that the identifying module 950 may

use a camera to detect the shape, size, color, license number of a vehicle.

[00108] The checking and notifying module 940 may check whether a door and/or a

window of the target vehicle is closed and may send a notification to a user if the door and/or

the window is not closed. The checking and notifying module 940 may perform the checking

based on the 3D shape data of the target vehicle. In some embodiments, the 3D shape data

presenting the target vehicle with all doors and all windows closed. The checking and

notifying module 940 may perform the checking by comparing an outline or an appearance of

the target vehicle with the 3D shape data, especially at a region of a door and/or a window.

The outline or an appearance of the target vehicle may be detected via a camera. In some

embodiments, the checking and notifying module 940 may perform the checking by a

distance sensor (e.g., an ultrasound sensor) detecting at the region of a door and/or a window.

The region of a door and/or a window may be determined by the checking and notifying

module 940 based on the 3D shape data of the target vehicle. The checking and notifying

module 940 may send a notification to a user if the door and/or the window is not closed. In

some embodiments, the user may be a person, a device, or an autonomous vehicle that made

a reservation for the cleaning service. In some embodiments, the user may be an owner or a

supervisor of the target vehicle which may be a person, a device, or a vehicle. In some

embodiments, the user may be a controller of the target vehicle. After receiving the

notification, the user may control the target vehicle to close the door and/or the window.

[00109] The pre-washing module 960 may remove an object on the vehicle that need to

be removed before washing while the aircraft module 910 flying according to a second path,

i.e., perform the pre-washing process 710. In some embodiments, the second path may be

suitable for the shape of the target vehicle. In some cases, the second path may also be

suitable for the position of the object and/or the characteristic of the pre-washing model. The

second path may be calculated by e.g. the UAV based on 3D shape data of the target vehicle,

or may be received from other entities. In some embodiments, the pre-washing process 710

may be performed by a plurality of UAVs in cooperation with each other. Each of the



plurality of UAVs may have an individual second path.

[00110] The pre-washing module 960 may detect an object that need to be removed

before the washing process 720 and remove the object using the pre-washing module 960. In

some embodiments, the object may be dust, sand, stone that may scratch the target vehicle. In

this case, the pre-washing module 960 may be a flusher, a vacuum, air nozzle, or the like. In

some embodiments, the object may be an unwanted mark, drawings, or the like. The

pre-washing module 960 may be a wiper or a bush with foam, soap, detergent, or the like.

The pre-washing module 960 may attach to the main body removably, therefore the

pre-washing module 960 may be removed and replace with another module.

[00111] The rotor 970 may be able to dry the target vehicle while the aircraft module

910 flying according to a third path, i.e., perform the drying process 730. The rotor 970 may

compel air to flow and thus lift the UAV up. The flowing air compelled by the rotor 970 may

blow the target vehicle after the washing process 720 to make it dry faster. In some

embodiments, the third path may be suitable for the shape of the target vehicle. In some cases,

the third path may also be suitable for the characteristic of the at least one rotor. The third

path may be calculated by e.g. the UAV based on 3D shape data of the target vehicle, or may

be received from other entities. In some embodiments, the drying process 730 may be

performed by a plurality of UAVs in cooperation with each other. Each of the plurality of

UAVs may have an individual third path.

[00112] The waxing module 980 may wax the target vehicle while the aircraft module

910 flying according to a fourth path, i.e., perform the waxing process 740. The waxing

module 980 may comprise a vehicle wax tank, a sprayer and a wiper for the wax, or the like.

The waxing module 980 may attach to the main body removably, therefore the waxing

module 980 may be removed and replace with another module. The fourth path may be

suitable for the shape of the target vehicle. In some cases, the fourth path may also be suitable

for the characteristic of the waxing model. The fourth path may be calculated by e.g. the UAV

based on 3D shape data of the target vehicle, or may be received from other entities. In some

embodiments, the waxing process 740 may be performed by a plurality of UAVs in

cooperation with each other. Each of the plurality of UAVs may have an individual fourth

path.

[00113] The reporting module 990 may send a report to the user to indicate completion

of the cleaning service. In some embodiments, the user may be a person, a device, or an

autonomous vehicle that made a reservation for the cleaning service. In some embodiments,

the user may be an owner or a supervisor of the target vehicle which may be a person, a



device, or a vehicle. In some embodiments, the user may be a controller of the target vehicle.

In some embodiments, the report may include the one or more pictures captured by a camera.

The user may review the pictures to learn how clean the target vehicle may currently be. If

the user are not satisfied with the clean degree of the target vehicle, the user may request the

UAV to clean the vehicle again. In some embodiments, the report may further include the one

or more pictures captured before the cleaning. Thus the user may know the differences

between the target vehicle before cleaning and that after cleaning by comparison. In some

embodiments, the report may not include any picture.

[00114] In some embodiments, the UAV may comprise a distance sensor, for example,

an ultrasound sensor. The distance sensor may be configured to sense the distance between

the UAV and the vehicle. Such that the UAV may keep a pre-determined distance from the

vehicle. The UAV may obtain the distance from the vehicle with centimeter accuracy by

using the ultrasound sensor. In some cases, the distance sensor may be configured to sense

the distance between the UAV and the ground, the barrier or any other object.

[00115] In some embodiments, the UAV may comprise two or more distance sensors.

The two or more distance sensor may be attached onto the bottom of the UAV and arranged

in a pre-determined distance between each other. The two or more distance sensors are

configured to enable the UAV to keep a specific attitude by sensing the distance between each

of the sensors and the vehicle. For example, the distance sensor may be an ultrasound sensor,

which may sense a distance with centimeter accuracy. Referring to Fig. 13, the UAV is

equipped with two ultrasound sensors at the bottom of the UAV. Each of the two ultrasound

sensors may sense the distance between the sensor and the vehicle. As shown in Fig. 13, the

distances sensed by the two ultrasound sensors are both l5cm, which indicate that the attitude

of the UAV is in parallel with the upper surface of the vehicle. If the UAV turns its body to

one side, the distances sensed by the two ultrasound sensors may be not the same, for

example 9cm and l5cm, which indicate the attitude of the UAV is having a tilt angle with

respect to the upper surface of the vehicle. By using the two sensors, the UAV may calculate

and thus adjust the attitude of the UAV.

[00116] Any of the modules described above may communicate with each other and

with other external entities.

[00117] Referring to Fig. 10, there is shown a block diagram of system 1000 for

providing a cleaning service for a vehicle in accordance with an exemplary embodiment of

the present disclosure. System 1000 for a cleaning service may comprise at least one UAV

1010 capable of cleaning a vehicle and a control device 1020.



[00118] The control device 1020 may be configured to: receive a reservation for a

cleaning service from a user; assign, if the reservation is confirmed, at least one unmanned

aerial vehicle to perform the cleaning service; and send 3D shape data of a target vehicle to

the at least one unmanned aerial vehicle. The control device 1020 may be implemented as

cloud-based services and storage.

[00119] The control device 1020 may receive a reservation for a cleaning service. The

reservation for the cleaning service may be made by a user for a target vehicle. The user may

be a person, a device, or an autonomous vehicle. In some embodiments, the user may be an

owner (e.g. a person or a device) of the target vehicle. In this case, the user may make a

reservation for the vehicle owned by the user or for other vehicles. In some embodiments, the

user may be a supervisor of the target vehicle. In this case, the user may make a reservation

for the vehicle supervised by the user or for other vehicles. In some embodiments, the user

may be a controller (e.g. a control center of an autonomous vehicle) of the target vehicle. In

this case, the user may make a reservation for the vehicle controlled by the controller or for

other vehicles.

[00120] The control device 1020 may confirm the reservation. In some embodiments,

if there is, in system 1000, at least one UAV 1010 capable of doing the cleaning service at a

certain time that the reservation indicates, the control device 1020 confirm the reservation.

[00121] The control device 1020 may assign at least one UAV 1010 capable of doing

the cleaning service to provide the cleaning service. The at least one UAV 1010 may perform

one of methods 100 to 400 or the combination thereof.

[00122] The control device 1020 may send 3D shape data, e.g., a CAD model, of a

target vehicle to the at least one UAV 1010. In some embodiments, the control device 1020

may further send at least one flying path that calculated based on the 3D shape data for the

cleaning service to the at least one UAV 1010 respectively.

[00123] The at least one UAV 1010 may configured to fly according to a first path; and

wash the vehicle using a washing module while flying according to the first path, wherein the

first path is based on 3D shape data of the vehicle and sometimes also based on at least one

characteristic of the washing module. The first path may be calculated by the at least one

UAV 1010 or be received by the at least one UAV 1010 from the control device 1020. The at

least one UAV 1010 may be the same as the aforementioned UAV 800 or UAV 900, and thus

the details are omitted here.

[00124] Fig. 11 illustrates a general hardware environment 1100 wherein the present

disclosure is applicable in accordance with an exemplary embodiment of the present



disclosure.

[00125] With reference to FIG. 11, a hardware environment 1100, which is an example

of the hardware device that may be applied to the aspects of the present disclosure, will now

be described. The hardware environment 1100 may be any machine configured to perform

processing and/or calculations, may be but is not limited to a work station, a server, a desktop

computer, a laptop computer, a tablet computer, a personal data assistant, a smart phone, an

on-vehicle computer or any combination thereof. The aforementioned UAV 800, UAV 900,

UAV 1010 or control device 1020 may be wholly or at least partially implemented by the

hardware environment 1100 or a similar device or system.

[00126] The hardware environment 1100 may comprise elements that are connected

with or in communication with a bus 1102, possibly via one or more interfaces. For example,

the hardware environment 1100 may comprise the bus 1102, and one or more processors

1104, one or more input devices 1106 and one or more output devices 1108. The one or more

processors 1104 may be any kinds of processors, and may comprise but are not limited to one

or more general-purpose processors and/or one or more special-purpose processors (such as

special processing chips). The input devices 1106 may be any kinds of devices that can input

information to the hardware environment 1100, and may comprise but are not limited to a

mouse, a keyboard, a touch screen, a microphone and/or a remote control. The output devices

1108 may be any kinds of devices that can present information, and may comprise but are not

limited to display, a speaker, a video/audio output terminal, a vibrator and/or a printer. The

hardware environment 1100 may also comprise or be connected with non-transitory storage

devices 1110 which may be any storage devices that are non-transitory and can implement

data stores, and may comprise but are not limited to a disk drive, an optical storage device, a

solid-state storage, a floppy disk, a flexible disk, hard disk, a magnetic tape or any other

magnetic medium, a compact disc or any other optical medium, a ROM (Read Only Memory),

a RAM (Random Access Memory), a cache memory and/or any other memory chip or

cartridge, and/or any other medium from which a computer may read data, instructions and/or

code. The non-transitory storage devices 1110 may be detachable from an interface. The

non-transitory storage devices 1110 may have data/instructions/code for implementing the

methods and steps which are described above. The hardware environment 1100 may also

comprise a communication device 1112. The communication device 1112 may be any kinds

of device or system that can enable communication with external apparatuses and/or with a

network, and may comprise but are not limited to a modem, a network card, an infrared

communication device, a wireless communication device and/or a chipset such as a



Bluetooth™ device, 1302.11 device, WiFi device, WiMax device, cellular communication

facilities and/or the like.

[00127] When the hardware environment 1100 is used as an on-vehicle device, it may

also be connected to external device, for example, a GPS receiver, sensors for sensing

different environmental data such as an acceleration sensor, a wheel speed sensor, a

gyroscope and so on. In this way, the hardware environment 1100 may, for example, receive

location data and sensor data indicating the travelling situation of the vehicle. When the

hardware environment 1100 is used as an on-vehicle device, it may also be connected to other

facilities (such as an engine system, a wiper, an anti-lock Braking System or the like) for

controlling the traveling and operation of the vehicle.

[00128] In addition, the non-transitory storage device 1110 may have map information

and software elements so that the processor 1104 may perform route guidance processing. In

addition, the output device 1106 may comprise a display for displaying the map, the location

mark of the vehicle and also images indicating the travelling situation of the vehicle. The

output device 1106 may also comprise a speaker or interface with an ear phone for audio

guidance.

[00129] The bus 1102 may include but is not limited to Industry Standard Architecture

(ISA) bus, Micro Channel Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video

Electronics Standards Association (VESA) local bus, and Peripheral Component Interconnect

(PCI) bus. Particularly, for an on-vehicle device, the bus 1102 may also include a Controller

Area Network (CAN) bus or other architectures designed for application on an automobile.

[00130] The hardware environment 1100 may also comprise a working memory 1114,

which may be any kind of working memory that may store instructions and/or data useful for

the working of the processor 1104, and may comprise but is not limited to a random access

memory and/or a read-only memory device.

[00131] Software elements may be located in the working memory 1114, including but

are not limited to an operating system 1116, one or more application programs 1118, drivers

and/or other data and codes. Instructions for performing the methods and steps described in

the above may be comprised in the one or more application programs 1118, and the modules

of the aforementioned UAV 800, 900 may be implemented by the processor 1104 reading and

executing the instructions of the one or more application programs 1118. More specifically,

the function of the calculating module 840, 940 of the aforementioned UAV 800, 900 may,

for example, be implemented by the processor 1104 when executing an application 1118

having instructions to perform calculating the flying path. In addition, the function of the



identifying module 950 of the aforementioned UAV 900 may, for example, be implemented

by the processor 1104 when executing an application 1118 having instructions to perform

identifying the target vehicle. Other modules of the aforementioned UAV 800, 900 may also,

for example, be implemented by the processor 1104 when executing an application 1118

having instructions to perform one or more of the aforementioned respective steps. The

executable codes or source codes of the instructions of the software elements may be stored

in a non-transitory computer-readable storage medium, such as the storage device(s) 1110

described above, and may be read into the working memory 1114 possibly with compilation

and/or installation. The executable codes or source codes of the instructions of the software

elements may also be downloaded from a remote location.

[00132] Those skilled in the art may clearly know from the above embodiments that

the present disclosure may be implemented by software with necessary hardware, or by

hardware, firmware and the like. Based on such understanding, the embodiments of the

present disclosure may be embodied in part in a software form. The computer software may

be stored in a readable storage medium such as a floppy disk, a hard disk, an optical disk or a

flash memory of the computer. The computer software comprises a series of instructions to

make the computer (e.g., a personal computer, a service station or a network terminal)

execute the method or a part thereof according to respective embodiment of the present

disclosure.

[00133] The present disclosure being thus described, it will be obvious that the same

may be varied in many ways. Such variations are not to be regarded as a departure from the

spirit and scope of the present disclosure, and all such modifications as would be obvious to

those skilled in the art are intended to be included within the scope of the following claims.



WHAT IS CLAIMED IS:

1. A method implemented by at least one unmanned aerial vehicle for providing a cleaning

service for a vehicle, characterized by comprising:

cleaning the vehicle, wherein the cleaning comprises a washing process comprising:

flying according to a first path; and

washing the vehicle using a washing module while flying according to the first

path,

wherein the first path is based on 3D shape data of the vehicle.

2 . The method of claim 1, wherein the first path:

is further calculated based on the 3D shape data; or

is further received from a device, wherein the device calculates the first path based on the

3D shape data.

3 . The method of claim 1, further comprising before the cleaning:

resting in a compartment of the vehicle or another; and

flying out of the compartment when a pre-set condition is satisfied.

4 . The method of claim 1, further comprising before the cleaning:

arriving at a vicinity of the vehicle based on positioning the unmanned aerial vehicle

itself and the vehicle and/or identifying the vehicle, wherein the identifying is

based on the 3D shape data.

5 . The method of claim 4, wherein the positioning is performed based on LoRa and/or WiFi

positioning technology.

6 . The method of claim 1, further comprising before the cleaning:

detecting a dirty level and/or a dirt distribution of the vehicle and determine a scheme

for the cleaning according to the dirty level and/or the detected dirt distribution.



7 . The method of claim 1, further comprising before the cleaning:

checking whether a door and/or a window of the vehicle is closed; and

if the door and/or the window is not closed,

sending a notification to a user and waiting the door and/or the window to be

closed; or

controlling the door and/or the window to be closed,

wherein the checking is based on the 3D shape data.

8. The method of claim 1, wherein the cleaning further comprises a pre-washing process

before the washing process, wherein the pre-washing process comprises:

detecting an object on the vehicle that need to be removed before the washing process;

flying according to a second path; and

removing the object using a pre-washing module while flying according to the second

path.

9 . The method of claim 1, wherein the cleaning further comprises a drying process after the

washing process, wherein the drying process comprises:

flying according to a third path; and

drying the vehicle using at least one rotor of the at least one unmanned aerial vehicle

while flying according to the third path.

10. The method of claim 1, further comprising after the cleaning:

sending a report to a user to indicate completion of the cleaning, wherein the report

includes:

one or more pictures/videos that captured after the cleaning; or

one or more pictures/videos that captured before and after the cleaning.

11. The method of claim 1, further comprising sending status of the at least one unmanned

aerial vehicle and/or a progress of providing the cleaning service to a user.



12. The method of claim 1, further comprising receiving a command from a user and starting

to provide the cleaning service after receiving the command.

13. A method for providing a cleaning service for a vehicle, characterized by comprising:

a control device receiving a reservation for the service from a user;

if the reservation is confirmed, the control device assigning at least one unmanned

aerial vehicle to provide the service; and

the at least one unmanned aerial vehicle cleaning the vehicle comprising:

flying according to a first path; and

washing the vehicle using a washing module while flying according to the first

path,

wherein the first path is based on 3D shape data of the vehicle.

14. The method of claim 13, wherein the first path:

is further calculated by the at least one unmanned aerial vehicle based on the 3D shape

data, wherein the 3D shape data are sent by the control device to the at least one

unmanned aerial vehicle; or

is further received by the at least one unmanned aerial vehicle from the control device,

wherein the control device calculates the first path based on the 3D shape data

and sends the first path to the at least one unmanned aerial vehicle.

15. A method implemented by at least one unmanned aerial vehicle for providing a cleaning

service for a vehicle, characterized by comprising:

receiving a reservation for a cleaning service from the vehicle or another;

confirming the reservation; and

starting to clean the vehicle when a pre-set condition is satisfied, wherein the cleaning

comprising:

flying according to a first path; and



washing the vehicle using a washing module while flying according to the first

path,

wherein the first path is based on 3D shape data of the vehicle.

16. An unmanned aerial vehicle for providing a cleaning service for a vehicle, characterized

by comprising:

a main body;

an aircraft module configured to fly according to a first path;

a washing module, attached to the main body removably, configured to wash the vehicle

while flying according to the first path; and

a calculating module configured to calculate the first path based on 3D shape data of the

vehicle.

17. The unmanned aerial vehicle of claim 16, further comprising at least one of:

an identifying module configured to identify the vehicle based on the 3D shape data;

a checking and notifying module configured to check whether a door and/or a window of

the vehicle is closed based on the 3D shape data and send a notification to a user if

the door and/or the window is not closed;

a pre-washing module, attached to the main body removably, configured to remove an

object on the vehicle that need to be removed before washing while the aircraft

module flying according to a second path;

a rotor configured to dry the vehicle while the aircraft module flying according to a third

path;

a waxing module, attached to the main body removably, configured to wax the vehicle

while the aircraft module flying according to a fourth path; and

a reporting module configured to send a report to the user to indicate completion of the

service.

18. The unmanned aerial vehicle of claim 16, further comprising a distance sensor configured

to sense the distance between the vehicle and the unmanned aerial vehicle.



19. The unmanned aerial vehicle of claim 16, further comprising two or more distance

sensors attached onto the bottom of the unmanned aerial vehicle with pre-determined

distanced therebetween, wherein the two or more distance sensors are configured to enable

the unmanned aerial vehicle to keep a specific attitude by sensing the distance between each

of the sensors and the vehicle.

20. A system for providing a cleaning service for a vehicle, characterized by comprising:

a control device configured to:

receive a reservation for the service from a user; and

if the reservation is confirmed, assign at least one unmanned aerial vehicle to

provide the service, and

the at least one unmanned aerial vehicle configured to:

fly according to a first path; and

wash the vehicle using a washing module while flying according to the first path,

wherein the first path is based on 3D shape data of the vehicle.

21. The system of claim 20, wherein the first path:

is further calculated by the at least one unmanned aerial vehicle based on the 3D shape

data, wherein the 3D shape data are sent by the control device to the at least one

unmanned aerial vehicle; or

is further received by the at least one unmanned aerial vehicle from the control device,

wherein the control device calculates the first path based on the 3D shape data

and sends the first path to the at least one unmanned aerial vehicle.

22. A system for providing a cleaning service for a vehicle, characterized by comprising:

one or more processors; and

one or more memories configured to store a series of computer executable instructions,



wherein the series of computer executable instructions, when executed by the one or

more processors, cause the one or more processors to perform the method of any

one of claims 1-15.

23. A non-transitory computer readable medium having instructions stored thereon that, when

executed by one or more processors, causing the one or more processors to perform the

method of any one of claims 1-15.
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