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ROBOT SYSTEM AND CONTROL METHOD
OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
Korean Patent Application No. 10-2019-0096773, filed in
the Korean Intellectual Property Office on Aug. 8, 2019
under 35 US.C. 119 and/or 35 U.S.C. 120, the entire
contents of which are incorporated herein by reference.

BACKGROUND

[0002] The present invention relates to a robot system and
a control method of the same.

[0003] Robots are machines that automatically process
given tasks or operate with their own capabilities. The
application fields of robots are generally classified into
industrial robots, medical robots, aerospace robots, and
underwater robots. Recently, communication robots that can
communicate with humans by voices or gestures have been
increasing.

[0004] An example of a robot may be used to provide a
fueling service or a charging service to a vehicle, and this
example is disclosed in Korean Patent Publication No.
10-1410272 (Jun. 23, 2014). Korean Patent Publication No.
10-1410272 (Jun. 23, 2014) discloses an electric vehicle
charging robot charging a battery of an packed electric
vehicle that is unmannedly driven within a packing area and
an electric vehicle charging system including the electric
vehicle charging robot.

[0005] The electric vehicle charging robot is docked in a
charging station to complete charging to a power source unit
and then moves to the vehicle to charge the power to the
battery of the vehicle. A control unit of the electric vehicle
charging robot has built-in program in which an unmanned
driving path of the electric vehicle charging robot is set.
When the driving of the electric vehicle charging robot along
the unmanned driving path is completed, or the power of the
power supply unit is less than a predetermined ratio, the
program ends vehicle management driving of the electric
vehicle charging robot and instructs movement to the charg-
ing station.

SUMMARY

[0006] Since the electric vehicle charging robot and the
electric vehicle charging system according to the related art
are provided with a driving unit for driving unmannedly in
the electric vehicle charging robot, the structure of the
electric vehicle charging robot may be complicated, and in
the event of malfunction of the unmanned electric vehicle
charging robot or vehicle, possibility of damage of the
vehicle within the parking area or the electric vehicle
charging robot may be high.

[0007] Also, since the electric vehicle charging robot
moves to the charging station and then charged by the
charging stand, the electric vehicle located in a parking line
may not be charged to allow the electric vehicle charging
robot to be standby while the electric vehicle charging robot
is being charged.

[0008] Embodiments provide a robot system and a method
for controlling the same, in which the vehicle service robot
has a simple structure, and a distance that the vehicle service
robot reaches around the vehicle is maximized so that a

Jan. 30, 2020

vehicle service robot provides vehicle-related services at
various locations around the vehicle and continuously pro-
vides a service to a plurality of vehicles.

[0009] Embodiments also provide a robot system and a
method for controlling the same, in which a vehicle service
robot moves by a simple structure using an arm to simplify
a structure and reduce manufacturing costs.

[0010] In one embodiment, a robot system includes: a
guide rail; a slider configured to move along the guide rail;
a first driving source disposed on the slider to move together
with the slider; a rotation arm configured to rotate by the first
driving source; and a vehicle service robot installed on the
rotation arm to move by the rotation arm.

[0011] The first driving source may be controlled in a
plurality of modes, and the plurality of modes may include
a first mode and a second mode.

[0012] In the first mode, the rotation arm may rotate in a
first direction in which the rotation arm is long in a longi-
tudinal direction of the guide rail.

[0013] In the second mode, the rotation arm may rotate in
a second direction in which the rotation arm crosses the
longitudinal direction of the guide rail.

[0014] The guide rail may be disposed around a plurality
of parking areas.

[0015] The rotation arm may have a length less than the
shortest straight distance between a wheel stopper installed
in each of the parking areas and the guide rail.

[0016] The robot system may further include an indicator
configured to indicate a chargeable area of the plurality of
parking areas.

[0017] The robot system may further include a safety
guard disposed between each of the parking areas and the
guide rail. An upper end of the safety guide may have a
height less than that of the rotation arm.

[0018] The robot system may further include: a sensor
configured to sense a vehicle; a server configured to transmit
charging port position information of the vehicle according
to information of the vehicle, which is sensed by the sensor;
and a controller configured to control the vehicle service
robot and the first driving source.

[0019] The controller may control the first driving source
so that the vehicle service robot moves around a position of
a charging port of the vehicle, which is sensed by the sensor.
[0020] The vehicle service robot may be controlled in a
plurality of modes, and the plurality of modes may include
a connection mode and a release mode.

[0021] In the connection mode, the vehicle service robot
may connect a plug of a charger to a charging port of a
vehicle.

[0022] In the release mode, the vehicle service robot may
separate the plug from the charging port.

[0023] When the vehicle is in a chargeable state, the
controller may control the first driving source so that the
vehicle service robot moves around the charging port of the
vehicle and controls the vehicle service robot to the con-
nection mode.

[0024] In another embodiment, a robot system includes: a
transfer robot having a driving wheel; a driving source
mounted on the transfer robot; a rotation arm configured to
rotate by the driving source; and a vehicle service robot
installed on the rotation arm to move by the rotation arm.

[0025] The robot system may further include: a sensor
control system; a vision system configured to sense a license
plate of the vehicle when the vehicle enters, the vision
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system being configured to sense a risk factor when the
vehicle is charged; a charging station system configured to
control a charger that charges the vehicle; a robot control
system configured to control the first driving source, a
second driving source that allows the slider to straightly
move, and the vehicle service robot; and a robot vision
system installed in the vehicle service robot to sense a
charging port of the vehicle.

[0026] The robot system may further include a control
system configured to control the sensor control system, a
global vision system, the charging station system, the robot
control system, and the robot vision system.

[0027] Each of sensor control system, a global vision
system, the charging station system, the robot control sys-
tem, and the robot vision system may communicate with
other systems.

[0028] The robot system may further include: a robot
management system including: a robot control system con-
figured to control the first driving source, a second driving
source that allows the slider to straightly move, and the
vehicle service robot; and a robot vision system installed in
the vehicle service robot to sense a charging port of the
vehicle; a charging station system configured to control a
charger that charges the vehicle; and an integrated control
system configured to communicate with the robot manage-
ment system and the charging station system.

[0029] The integrated station system may include: a sensor
control system; a global vision system configured to sense a
license plate of the vehicle when the vehicle enters, the
global system being configured to sense a risk factor when
the vehicle is charged; and a control system.

[0030] In further another embodiment, a method for con-
trolling a robot system, which includes: a driving source; a
rotation arm rotating by the driving source; and a vehicle
service robot installed on the rotation arm, the method
including: entry processing of a vehicle when the vehicle
enters;

[0031] preparing charging of the vehicle; allowing the
vehicle service robot to connect a plug to a charging port of
the vehicle after the rotation arm rotates by the driving
source; and charging the vehicle.

[0032] In the allowing the vehicle service robot to connect
the plug to the charging port of the vehicle, the vehicle
service robot may connect the plug to the charging port of
the vehicle after the rotation arm rotates by the driving
source so that the vehicle service robot moves to a position
adjacent to the charging port of the vehicle in a state of
holding a plug of a charger.

[0033] The entry processing of the vehicle may include:
allowing a vision sensor to sense a license plate of the
vehicle; confirming a position of the charging port of the
vehicle according to the license plate; determining a charg-
ing service robot for servicing the vehicle of which the
license plate is sensed among a plurality of charging service
robots; and guiding the vehicle to a parking area correspond-
ing to the determined charging service robot.

[0034] The preparing charging of the vehicle may include:
allowing a customer to pay a service cost; and allowing the
vehicle to be standby for charging after a payment of the
service cost.

[0035] The allowing the vehicle to be standby may
include: allowing the vision sensor to re-sense the license
plate of the vehicle; and confirming whether the license plate
recognized in the entry processing of the vehicle is the same.
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[0036] The allowing the vehicle to be standby may
include: allowing at least one of the vision sensor or an
ultrasonic sensor to sense whether the vehicle gets out of a
parking area, allowing the vision sensor to sense start-off of
the vehicle, door opening of the vehicle, and getting off of
the customer; allowing the vision sensor to sense whether a
nearby object to approaches the vehicle, the vehicle service
robot, or the charger; or generating an announcement for
limiting riding or getting off of the customer.

[0037] The allowing the vehicle service robot to connect a
plug to a charging port may include: allowing a vision
camera to recognize a position of a port cover; allowing the
vision camera to approach surroundings of the recognized
position and sense a type of port cover, and allowing the
vehicle service robot to open the port cover; and allowing
the vehicle service robot to connect the plug to the charging
port.

[0038] When the plug is connected to the charging port, a
position, force, and rigidity of the plug may be controlled.
[0039] The method may further include separating the
plug from the charging port of the vehicle.

[0040] The separating of the plug may include: allowing
the vehicle service robot to separate the plug from the
charging port when the charger receives a charging comple-
tion signal from the robot; and allowing the vehicle service
robot to move so that the plug returns to the charger.
[0041] The method may further include: preparing exiting
of the vehicle; and exit processing of the vehicle.

[0042] The preparing of the exiting of the vehicle may
include: allowing a vision sensor to sense a closed state of
a port cover that covers the charging port; allowing the
vision sensor to inform an opened state of the port cover
when the port cover is in the opened state; and allowing the
vision sensor to sense surroundings or a vehicle state.
[0043] The preparing exiting of the vehicle may include:
resetting the vehicle service robot; and informing charging
completion to a customer.

[0044] The details of one or more implementations are set
forth in the accompanying drawings and the description
below. Other features will be apparent from the description
and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 is a view of an artificial intelligence (AI)
device including a robot system according to an embodi-
ment.

[0046] FIG. 2 is a view of an Al server connected to the
robot system according to an embodiment.

[0047] FIG. 3 is a view of an Al system including the robot
system according to an embodiment.

[0048] FIG. 4 is a plan view of the robot system according
to an embodiment.

[0049] FIG. 5 is a side view of the robot system according
to an embodiment.

[0050] FIG. 6 is a perspective view of a vehicle service
robot of FIG. 4 when the vehicle service robot is disposed
at a first position.

[0051] FIG. 7 is a side view of the vehicle service robot of
FIG. 6 when the vehicle service robot provide a service to
a vehicle at a first position.

[0052] FIG. 8 is a perspective view of the vehicle service
robot of FIG. 4 when the vehicle service robot is disposed
at a second position.
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[0053] FIG.9is a side view of the vehicle service robot of
FIG. 8 when the vehicle service robot provides a service to
a vehicle at a second position.

[0054] FIG. 10 is a perspective view of the vehicle service
robot and a charger according to an embodiment.

[0055] FIG. 11 is a control block diagram illustrating an
example of a robot system according to an embodiment.
[0056] FIG. 12 is a control block diagram illustrating
another example of the robot system according to an
embodiment.

[0057] FIG. 13 is a control block diagram illustrating
further another example of the robot system according to an
embodiment.

[0058] FIG. 14 is a flowchart illustrating a method for
controlling a robot system according to an embodiment.
[0059] FIG. 15 is a view illustrating a modified example of
the vehicle service robot according to an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0060] Hereinafter, detailed embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

[0061] <Robot>

[0062] A robot may refer to a machine that automatically
processes or operates a given task by its own ability. In
particular, a robot having a function of recognizing an
environment and performing a self-determination operation
may be referred to as an intelligent robot.

[0063] Robots may be classified into industrial robots,
medical robots, home robots, military robots, and the like
according to the use purpose or field.

[0064] The robot includes a driving unit may include an
actuator or a motor and may perform various physical
operations such as moving a robot joint. In addition, a
movable robot may include a wheel, a brake, a propeller, and
the like in a driving unit, and may travel on the ground
through the driving unit or fly in the air.

[0065] <Artificial Intelligence (Al)>

[0066] Artificial intelligence refers to the field of studying
artificial intelligence or methodology for making artificial
intelligence, and machine learning refers to the field of
defining various issues dealt with in the field of artificial
intelligence and studying methodology for solving the vari-
ous issues. Machine learning is defined as an algorithm that
enhances the performance of a certain task through a steady
experience with the certain task.

[0067] An artificial neural network (ANN) is a model used
in machine learning and may mean a whole model of
problem-solving ability which is composed of artificial
neurons (nodes) that form a network by synaptic connec-
tions. The artificial neural network can be defined by a
connection pattern between neurons in different layers, a
learning process for updating model parameters, and an
activation function for generating an output value.

[0068] The artificial neural network may include an input
layer, an output layer, and optionally one or more hidden
layers. Each layer includes one or more neurons, and the
artificial neural network may include a synapse that links
neurons to neurons. In the artificial neural network, each
neuron may output the function value of the activation
function for input signals, weights, and deflections input
through the synapse.
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[0069] Model parameters refer to parameters determined
through learning and include a weight value of synaptic
connection and deflection of neurons. A hyperparameter
means a parameter to be set in the machine learning algo-
rithm before learning, and includes a learning rate, a rep-
etition number, a mini batch size, and an initialization
function.

[0070] The purpose of the learning of the artificial neural
network may be to determine the model parameters that
minimize a loss function. The loss function may be used as
an index to determine optimal model parameters in the
learning process of the artificial neural network.

[0071] Machine learning may be classified into supervised
learning, unsupervised learning, and reinforcement learning
according to a learning method.

[0072] The supervised learning may refer to a method of
learning an artificial neural network in a state in which a
label for learning data is given, and the label may mean the
correct answer (or result value) that the artificial neural
network must infer when the learning data is input to the
artificial neural network. The unsupervised learning may
refer to a method of learning an artificial neural network in
a state in which a label for learning data is not given. The
reinforcement learning may refer to a learning method in
which an agent defined in a certain environment learns to
select a behavior or a behavior sequence that maximizes
cumulative compensation in each state.

[0073] Machine learning, which is implemented as a deep
neural network (DNN) including a plurality of hidden layers
among artificial neural networks, is also referred to as deep
learning, and the deep learning is part of machine learning.
In the following, machine learning is used to mean deep
learning.

[0074] <Self-Driving>

[0075] Self-driving refers to a technique of driving for
oneself, and a self-driving vehicle refers to a vehicle that
travels without an operation of a user or with a minimum
operation of a user.

[0076] For example, the self-driving may include a tech-
nology for maintaining a lane while driving, a technology
for automatically adjusting a speed, such as adaptive cruise
control, a technique for automatically traveling along a
predetermined route, and a technology for automatically
setting and traveling a route when a destination is set.
[0077] The vehicle may include a vehicle having only an
internal combustion engine, a hybrid vehicle having an
internal combustion engine and an electric motor together,
and an electric vehicle having only an electric motor, and
may include not only an automobile but also a train, a
motorcycle, and the like.

[0078] At this time, the self-driving vehicle may be
regarded as a robot having a self-driving function.

[0079] FIG. 1 illustrates an Al device 100 including a
robot according to an embodiment of the present invention.
[0080] The AI device 100 may be implemented by a
stationary device or a mobile device, such as a TV, a
projector, a mobile phone, a smartphone, a desktop com-
puter, a notebook, a digital broadcasting terminal, a personal
digital assistant (PDA), a portable multimedia player (PMP),
a navigation device, a tablet PC, a wearable device, a set-top
box (STB), a DMB receiver, a radio, a washing machine, a
refrigerator, a desktop computer, a digital signage, a robot,
a vehicle, and the like.
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[0081] Referring to FIG. 1, the Al device 100 may include
a communication unit 110, an input unit 120, a learning
processor 130, a sensing unit 140, an output unit 150, a
memory 170, and a processor 180.

[0082] The communication unit 110 may transmit and
receive data to and from external devices such as other Al
devices 100a to 100e and the Al server 500 by using
wire/wireless communication technology. For example, the
communication unit 110 may transmit and receive sensor
information, a user input, a learning model, and a control
signal to and from external devices.

[0083] The communication technology used by the com-
munication unit 110 includes GSM (Global System for
Mobile communication), CDMA (Code Division Multi
Access), LTE (Long Term Evolution), 5G, WLAN (Wireless
LAN), Wi-Fi (Wireless-Fidelity), Bluetooth™, RFID (Radio
Frequency Identification), Infrared Data Association (IrDA),
ZigBee, NFC (Near Field Communication), and the like.

[0084] The input unit 120 may acquire various kinds of
data.
[0085] At this time, the input unit 120 may include a

camera for inputting a video signal, a microphone for
receiving an audio signal, and a user input unit for receiving
information from a user. The camera or the microphone may
be treated as a sensor, and the signal acquired from the
camera or the microphone may be referred to as sensing data
or sensor information.

[0086] The input unit 120 may acquire a learning data for
model learning and an input data to be used when an output
is acquired by using learning model. The input unit 120 may
acquire raw input data. In this case, the processor 180 or the
learning processor 130 may extract an input feature by
preprocessing the input data.

[0087] The learning processor 130 may learn a model
composed of an artificial neural network by using learning
data. The learned artificial neural network may be referred to
as a learning model. The learning model may be used to an
infer result value for new input data rather than learning
data, and the inferred value may be used as a basis for
determination to perform a certain operation.

[0088] At this time, the learning processor 130 may per-
form Al processing together with the learning processor 540
of the Al server 500.

[0089] At this time, the learning processor 130 may
include a memory integrated or implemented in the Al
device 100. Alternatively, the learning processor 130 may be
implemented by using the memory 170, an external memory
directly connected to the Al device 100, or a memory held
in an external device.

[0090] The sensing unit 140 may acquire at least one of
internal information about the Al device 100, ambient envi-
ronment information about the Al device 100, and user
information by using various sensors.

[0091] Examples of the sensors included in the sensing
unit 140 may include a proximity sensor, an illuminance
sensor, an acceleration sensor, a magnetic sensor, a gyro
sensor, an inertial sensor, an RGB sensor, an IR sensor, a
fingerprint recognition sensor, an ultrasonic sensor, an opti-
cal sensor, a microphone, a lidar, and a radar.

[0092] The output unit 150 may generate an output related
to a visual sense, an auditory sense, or a haptic sense.
[0093] At this time, the output unit 150 may include a
display unit for outputting time information, a speaker for
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outputting auditory information, and a haptic module for
outputting haptic information.

[0094] The memory 170 may store data that supports
various functions of the Al device 100. For example, the
memory 170 may store input data acquired by the input unit
120, learning data, a learning model, a learning history, and
the like.

[0095] The processor 180 may determine at least one
executable operation of the Al device 100 based on infor-
mation determined or generated by using a data analysis
algorithm or a machine learning algorithm. The processor
180 may control the components of the Al device 100 to
execute the determined operation.

[0096] To this end, the processor 180 may request, search,
receive, or utilize data of the learning processor 130 or the
memory 170. The processor 180 may control the compo-
nents of the Al device 100 to execute the predicted operation
or the operation determined to be desirable among the at
least one executable operation.

[0097] When the connection of an external device is
required to perform the determined operation, the processor
180 may generate a control signal for controlling the exter-
nal device and may transmit the generated control signal to
the external device.

[0098] The processor 180 may acquire intention informa-
tion for the user input and may determine the user’s require-
ments based on the acquired intention information.

[0099] The processor 180 may acquire the intention infor-
mation corresponding to the user input by using at least one
of'a speech to text (STT) engine for converting speech input
into a text string or a natural language processing (NLP)
engine for acquiring intention information of a natural
language.

[0100] At least one of the STT engine or the NLP engine
may be configured as an artificial neural network, at least
part of which is learned according to the machine learning
algorithm. At least one of the STT engine or the NLP engine
may be learned by the learning processor 130, may be
learned by the learning processor 540 of the Al server 500,
or may be learned by their distributed processing.

[0101] The processor 180 may collect history information
including the operation contents of the AT device 100 or the
users feedback on the operation and may store the collected
history information in the memory 170 or the learning
processor 130 or transmit the collected history information
to the external device such as the AI server 500. The
collected history information may be used to update the
learning model.

[0102] The processor 180 may control at least part of the
components of Al device 100 so as to drive an application
program stored in memory 170. Furthermore, the processor
180 may operate two or more of the components included in
the Al device 100 in combination so as to drive the appli-
cation program.

[0103] FIG. 2 illustrates an Al server 500 connected to a
robot according to an embodiment of the present invention.
[0104] Referring to FIG. 2, the Al server 500 may refer to
a device that learns an artificial neural network by using a
machine learning algorithm or uses a learned artificial neural
network. The Al server 500 may include a plurality of
servers to perform distributed processing, or may be defined
as a 5G network. At this time, the Al server 500 may be
included as a partial configuration of the Al device 100, and
may perform at least part of the Al processing together.
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[0105] The Al server 500 may include a communication
unit 510, a memory 530, a learning processor 540, a pro-
cessor 520, and the like.

[0106] The communication unit 510 can transmit and
receive data to and from an external device such as the Al
device 100.

[0107] The memory 530 may include a model storage unit
531. The model storage unit 531 may store a learning or
learned model (or an artificial neural network 531a) through
the learning processor 540.

[0108] The learning processor 540 may learn the artificial
neural network 531a by using the learning data. The learning
model may be used in a state of being mounted on the Al
server 500 of the artificial neural network, or may be used
in a state of being mounted on an external device such as the
Al device 100.

[0109] The learning model may be implemented in hard-
ware, software, or a combination of hardware and software.
If all or part of the learning models are implemented in
software, one or more instructions that constitute the learn-
ing model may be stored in memory 530.

[0110] The processor 520 may infer the result value for
new input data by using the learning model and may
generate a response or a control command based on the
inferred result value.

[0111] FIG. 3 illustrates an Al system 1 according to an
embodiment of the present invention.

[0112] Referring to FIG. 3, in the Al system 1, at least one
of an Al server 500, a robot 100a, a self-driving vehicle
1005, an XR device 100¢, a smartphone 1004, or a home
appliance 100e is connected to a cloud network 10. The
robot 100qa, the self-driving vehicle 1005, the XR device
100c¢, the smartphone 100d, or the home appliance 100e, to
which the Al technology is applied, may be referred to as Al
devices 100a to 100e.

[0113] The cloud network 10 may refer to a network that
forms part of a cloud computing infrastructure or exists in a
cloud computing infrastructure. The cloud network 10 may
be configured by using a 3G network, a 4G or LTE network,
or a 5G network.

[0114] That is, the devices 100a to 100e and 500 config-
uring the Al system 1 may be connected to each other
through the cloud network 10. In particular, each of the
devices 1004 to 100e and 500 may communicate with each
other through a base station, but may directly communicate
with each other without using a base station.

[0115] The AI server 500 may include a server that per-
forms Al processing and a server that performs operations
on big data.

[0116] The Al server 500 may be connected to at least one
of the Al devices constituting the Al system 1, that is, the
robot 100qa, the self-driving vehicle 1005, the XR device
100c, the smartphone 1004, or the home appliance 100e
through the cloud network 10, and may assist at least part of
Al processing of the connected Al devices 100a to 100e.
[0117] At this time, the Al server 500 may learn the
artificial neural network according to the machine learning
algorithm instead of the Al devices 100a to 100¢, and may
directly store the learning model or transmit the learning
model to the Al devices 100a to 100e.

[0118] At this time, the Al server 500 may receive input
data from the Al devices 100a to 100e, may infer the result
value for the received input data by using the learning
model, may generate a response or a control command based
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on the inferred result value, and may transmit the response
or the control command to the Al devices 100a to 100e.
[0119] Alternatively, the Al devices 100a to 100e may
infer the result value for the input data by directly using the
learning model, and may generate the response or the control
command based on the inference result.

[0120] Hereinafter, various embodiments of the Al
devices 100a to 100e to which the above-described tech-
nology is applied will be described. The Al devices 100qa to
100¢ illustrated in FIG. 3 may be regarded as a specific
embodiment of the Al device 100 illustrated in FIG. 1.
[0121] <AI+Robot>

[0122] The robot 100a, to which the Al technology is
applied, may be implemented as a guide robot, a carrying
robot, a cleaning robot, a wearable robot, an entertainment
robot, a pet robot, an unmanned flying robot, or the like.
[0123] The robot 100a may include a robot control module
for controlling the operation, and the robot control module
may refer to a software module or a chip implementing the
software module by hardware.

[0124] The robot 100¢ may acquire state information
about the robot 100a by using sensor information acquired
from various kinds of sensors, may detect (recognize) sur-
rounding environment and objects, may generate map data,
may determine the route and the travel plan, may determine
the response to user interaction, or may determine the
operation.

[0125] The robot 100a may use the sensor information
acquired from at least one sensor among the lidar, the radar,
and the camera so as to determine the travel route and the
travel plan.

[0126] The robot 100a may perform the above-described
operations by using the learning model composed of at least
one artificial neural network. For example, the robot 100a
may recognize the surrounding environment and the objects
by using the learning model, and may determine the opera-
tion by using the recognized surrounding information or
object information. The learning model may be learned
directly from the robot 100a or may be learned from an
external device such as the Al server 500.

[0127] At this time, the robot 100a may perform the
operation by generating the result by directly using the
learning model, but the sensor information may be trans-
mitted to the external device such as the Al server 500 and
the generated result may be received to perform the opera-
tion.

[0128] The robot 100a¢ may use at least one of the map
data, the object information detected from the sensor infor-
mation, or the object information acquired from the external
apparatus to determine the travel route and the travel plan,
and may control the driving unit such that the robot 100a
travels along the determined travel route and travel plan.
[0129] The map data may include object identification
information about various objects arranged in the space in
which the robot 100a moves. For example, the map data may
include object identification information about fixed objects
such as walls and doors and movable objects such as pollen
and desks. The object identification information may include
a name, a type, a distance, and a position.

[0130] Inaddition, the robot 100a may perform the opera-
tion or travel by controlling the driving unit based on the
control/interaction of the user. At this time, the robot 100a
may acquire the intention information of the interaction due
to the user’s operation or speech utterance, and may deter-
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mine the response based on the acquired intention informa-
tion, and may perform the operation.

[0131] <AI+Robot+Self-Driving>

[0132] The robot 100a, to which the Al technology and the
self-driving technology are applied, may be implemented as
a guide robot, a carrying robot, a cleaning robot, a wearable
robot, an entertainment robot, a pet robot, an unmanned
flying robot, or the like.

[0133] The robot 100a, to which the Al technology and the
self-driving technology are applied, may refer to the robot
itself having the self-driving function or the robot 100«
interacting with the self-driving vehicle 1005.

[0134] The robot 100a having the self-driving function
may collectively refer to a device that moves for itself along
the given movement line without the user’s control or moves
for itself by determining the movement line by itself.
[0135] The robot 100a and the self-driving vehicle 1005
having the self-driving function may use a common sensing
method so as to determine at least one of the travel route or
the travel plan. For example, the robot 100a and the self-
driving vehicle 1005 having the self-driving function may
determine at least one of the travel route or the travel plan
by using the information sensed through the lidar, the radar,
and the camera.

[0136] The robot 100q that interacts with the self-driving
vehicle 1005 exists separately from the self-driving vehicle
1006 and may perform operations interworking with the
self-driving function of the self-driving vehicle 1005 or
interworking with the user who rides on the self-driving
vehicle 1005.

[0137] At this time, the robot 100a interacting with the
self-driving vehicle 1005 may control or assist the self-
driving function of the self-driving vehicle 1005 by acquir-
ing sensor information on behalf of the self-driving vehicle
1006 and providing the sensor information to the self-
driving vehicle 1005, or by acquiring sensor information,
generating environment information or object information,
and providing the information to the self-driving vehicle
1004.

[0138] Alternatively, the robot 100« interacting with the
self-driving vehicle 1005 may monitor the user boarding the
self-driving vehicle 1005, or may control the function of the
self-driving vehicle 1005 through the interaction with the
user. For example, when it is determined that the driver is in
a drowsy state, the robot 100a may activate the self-driving
function of the self-driving vehicle 1005 or assist the control
of the driving unit of the self-driving vehicle 1005. The
function of the self-driving vehicle 1005 controlled by the
robot 100a may include not only the self-driving function
but also the function provided by the navigation system or
the audio system provided in the self-driving vehicle 1004.
[0139] Alternatively, the robot 100q that interacts with the
self-driving vehicle 1005 may provide information or assist
the function to the self-driving vehicle 1005 outside the
self-driving vehicle 1005. For example, the robot 100a may
provide traffic information including signal information and
the like, such as a smart signal, to the self-driving vehicle
1005, and automatically connect an electric charger to a
charging port by interacting with the self-driving vehicle
1005 like an automatic electric charger of an electric vehicle.
[0140] FIG. 4 is a plan view of the robot system according
to an embodiment, and FIG. 5 is a side view of the robot
system according to an embodiment.
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[0141] FIG. 6 is a perspective view of a vehicle service
robot of FIG. 4 when the vehicle service robot is disposed
at a first position, and FIG. 7 is a side view of the vehicle
service robot of FIG. 6 when the vehicle service robot
provide a service to a vehicle at a first position.

[0142] FIG. 8 is a perspective view of the vehicle service
robot of FIG. 4 when the vehicle service robot is disposed
at a second position, and FIG. 9 is a side view of the vehicle
service robot of FIG. 8 when the vehicle service robot
provides a service to a vehicle at a second position.
[0143] FIG. 10 is a perspective view of the vehicle service
robot and a charger according to an embodiment, and FIG.
11 is a control block diagram illustrating an example of a
robot system according to an embodiment.

[0144] The robot system illustrated in FIGS. 4 to 10 may
include a robot 100a capable of providing a service to a
vehicle 2. Hereinafter, the robot 100a capable of providing
the service to the vehicle 2 will be referred to as a vehicle
service robot 100a.

[0145] The vehicle 2 may be an autonomous vehicle 1005
shown in FIG. 3 and also may be a general vehicle (that is,
a non-autonomous vehicle) in which a driver directly oper-
ates with a steering wheel.

[0146] The vehicle 2 may be an electric vehicle that is
driven by an electrically driven motor and also may be
<general vehicle (that is, called a non-electric vehicle) in
which an engine driven by fossil raw materials such as
gasoline, diesel, or LPG is mounted. In addition, the vehicle
2 may be a hydrogen electric vehicle that is driven by
producing electricity using a fuel cell system by using
hydrogen as an energy source.

[0147] The robot 100a may be a fueling/charging service
robot disposed at a gas station/gas charging station serving
the fossil raw materials as a general vehicle, and the robot
100a may connect a gas supply gun or a gas charging gun
provided at the gas station or gas filling station to a general
vehicle to service the fossil raw materials to the general
vehicle.

[0148] The robot 100a may be a charging service robot
disposed at the charging station for supplying electricity to
the electric vehicle, and the robot 100a may connect a plug
71 provided at the charging station to the electric vehicle to
service electricity to the electric vehicle.

[0149] The robot 100a may be a hydrogen service robot
that provides a service for supplying hydrogen to the hydro-
gen electric vehicle.

[0150] The robot 100a may provide services related to the
vehicle such as a car wash service to the vehicle 2. Here-
inafter, the robot 100a capable of providing various services
to the vehicle 2 will be referred to as the vehicle service
robot 100a.

[0151] The robot system illustrated in FIGS. 4 to 10 may
move the vehicle service robot 100 to an optimal position
at which the vehicle service robot 100q services the vehicle
2

[0152] The robot system is preferably configured to move
the vehicle service robot 100q to a plurality of positions such
as left, right, front, and back sides of the vehicle 2 to service
each of various kinds of vehicles at an optimum position. In
this case, the vehicle service robot 100a does not need to be
provided with a separate wheel for driving the vehicle
service robot 100a, and thus, a structure of the vehicle
service robot 100a may be simplified.
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[0153] The robot system includes a guide rail 2; a slider 3
moving along the guide rail 2; a first driving source 4
disposed on the slider 3 to move together with the slider 3;
and rotation arm 5 rotating by the first driving source 4. The
vehicle service robot 100a may be installed on the rotation
arm 5 to move by the slider 3 and the rotation arm 5.
[0154] The slider 3 and the rotation arm 5 may constitute
a carrier or scalar robot that horizontally transports the
vehicle service robot 100q in the same plane (for example,
a horizontal plane).

[0155] A plurality of parking areas Al, A2, A3, and A4
may be provided in the vehicle service providing facility 1
in which the robot system is installed. An example of the
vehicle service providing facility 1 in which the robotic
system is installed may be a charging station capable of
simultaneously charging a plurality of vehicles. In this
embodiment, the vehicle service providing facility 1 is not
limited to the charging station, but may also be a gas station
or a car wash.

[0156] The guide rail 2 may be disposed around the
parking area in which the vehicle 2 is parked. The guide rail
2 may be lengthily disposed around the plurality of parking
areas Al, A2, A3, and A4.

[0157] Each of the parking arcas A1, A2, A3, and A4 may
have a rectangular shape in which a width a length in a
direction in which the vehicle 2 moves to be packed in or
exist, i.e., in a front and rear direction X is longer than a
width in a left and right direction Y.

[0158] The guide rail 2 may be lengthily disposed in the
direction Y perpendicular to a longitudinal direction X of the
parking areas Al, A2, A3, and A4.

[0159] In the robot system, one guide rail 2 may be
disposed around the plurality of parking areas Al, A2, A3,
and A4. One guide rail 2 may be arranged around at least two
parking areas.

[0160] The plurality of parking areas A1, A2, A3, and A4
provided in the vehicle service providing facility 1 may be
provided to be spaced apart from each other in the left and
right direction Y, which is a width direction of the parking
area, and the guide rail 2 may be lengthily disposed in the
direction Y, in which the plurality of parking areas Al, A2,
A3, and A4 are spaced apart from each other, around the
parking areas Al, A2, A3, and A4.

[0161] The guide rail 2 and the plurality of parking areas
Al, A2, A3, and A4 may be configured in a relationship of
1:N, and the vehicle service providing facility 1 may include
a plurality of guide rails corresponding to the plurality of
parking area Al. A2, A3, and A4.

[0162] For example, in the vehicle service providing facil-
ity 1, two guide rails may correspond to four parking areas.
In this case, one guide rail may correspond to two parking
areas. The vehicle service providing facility 1 is not limited
to the number of guide rails 2 and the number of parking
areas.

[0163] For another example, in the vehicle service pro-
viding facility 1, one guide rail 2 may correspond to four
parking areas. In this case, one guide rail 2 may correspond
to four parking areas. The vehicle service providing facility
1 is not limited to the number of guide rails 2 and the number
of parking areas.

[0164] The guide rail 2 may be disposed on the ground B
of the vehicle service providing facility 1, and a loop (not
shown) or a frame F disposed at a predetermined height
above the ground B of the vehicle service providing facility
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1 may be provided. Also, the guide rail may be disposed on
a parking elevator that is disposed in the vehicle service
providing facility 1 to elevate the vehicle or may be disposed
on a parking rotor that is disposed in the vehicle service
providing facility 1 to rotate the vehicle.

[0165] Hereinafter, convenience of description, although
the guide rail 2 is described as being disposed on the ground
B of the vehicle service providing facility 1, the installation
position of the guide rail 2 is not limited to the ground B of
the vehicle service providing facility 1.

[0166] Hereinafter, the ground B of the vehicle service
providing facility 1 will be described as a ground or mecha-
nism in which the vehicle is capable of being parked in the
vehicle service providing facility 1.

[0167] The vehicle service providing facility 1 may be
provided with a safety guard 11 that prevents the guide rail
2 from being damaged by the vehicle parked in the parking
areas Al, A2, A3, and A4.

[0168] The safety guard 11 may be erected perpendicular
to the ground B (see FIG. 5) of the vehicle service providing
facility 1 and may be spaced apart from the guide rail 2 in
the entering/exiting direction X of the vehicle.

[0169] The safety guard 11 may be disposed between the
parking area and the guide rail 2.

[0170] As illustrated in FIG. 9, a height H1 of an upper
end of the safety guard 11 may be less than a height H2 of
the rotation arm 5. The height H1 of the upper end of the sc
v guard 11 may be less than a height H3 of an upper end of
the guide rail 2.

[0171] When the rotation arm 5 rotates at a predetermined
angle in a direction toward the vehicle 2 on the guide rail 2,
a portion of the rotation arm 5 may be disposed on the safety
guard as illustrated in FIG. 9. Also, in a state in which the
rotation arm 5 does not interfere with the safety guard 11, the
vehicle service robot 100a may move to a service providing
position P2 around the guide rail 2 instead of on the guide
rail 2.

[0172] The slider 3 may be a carrier moving along the
guide rail 2 in the longitudinal direction Y of the guide rail
2. The slider 3 may have a length less than the length 1 (see
FIG. 4) of the guide rail 2. For example, the slider 3 may be
disposed on the guide rail 2 so as to be slidable. For another
example, the slider 3 may be disposed on the surface of the
guide rail 2 facing the parking area so as to be slidable.
[0173] The slider 3 may move by a person or move by a
second driving source 6 (see FIG. 4) separated from the first
driving source 4. The second driving source 6 may be a
linear movement mechanism for moving the slider 3 in the
longitudinal direction of the guide rail 2. An example of the
second driving source 6 may include a linear motor and a
linear guide installed on the guide rail 2 or the slider 3 to
linearly move the slider 3. Another example of the second
driving source 6 may include a motor installed on the guide
rail 2 or the slider 3 to rotate a rotation shaft and at least one
power transmission member connected to the rotation shaft
and the slider 3 of the motor. The power transmission
member of the second driving source 6 may be constituted
by a plurality of gears such as a pinion connected to the
rotation shaft of the motor and a rack with which the pinion
is engaged. As long as the second driving source 6 is
configured to move the slider 3 in a straight line, the second
driving source 6 is not limited to the above-described kinds.
[0174] The first driving source 4 may be controlled in a
plurality of modes. The plurality of modes may be divided
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by an angle or arrangement direction of the rotation arm 5
with respect to the guide rail 2.

[0175] The first driving source 4 may include a motor, an
actuator, or the like for rotating the rotation arm 5. The first
driving source 4 may include a motor connected to the
rotation arm 5. For example, the first driving source 4 may
include a motor having rotational force and a gear such as at
least two reduction gears that transmits the rotational force
of the rotation shaft to the rotation arm 5 between the
rotation shaft and the rotation arm 5 of the motor.

[0176] The plurality of modes may include a first mode
and a second mode.

[0177] As illustrated in FIG. 6, the first mode may be a
mode in which the rotation arm 5 is lengthily disposed in the
first direction in which the guide rail 2 has a relatively long
length in the longitudinal direction Y of the guide rail 2.
[0178] The first driving source 4 may rotate the rotation
arm 5 in the first mode above the guide rail 2 as illustrated
in FIG. 6. In this case, the vehicle service robot 100a may
be disposed at the service providing position P1 on the guide
rail 2.

[0179] The second mode may be a mode in which the
rotation arm 5 is lengthily disposed in the second direction
X crossing the longitudinal direction Y of the guide rail 2.
[0180] In the second mode, the first driving source 4 may
rotate the rotation arm 5 so that a portion of the rotation arm
5 is disposed on the guide rail 2 as illustrated in FIG. 8, and
a remaining portion 5B of the rotation arm 5 does not
overlap the guide rail 2 in the vertical direction Z. In this
case, the vehicle service robot 100a may be disposed at the
service providing position P2 rather than on the guide rail 2.
[0181] That is, the first driving source 4 may move the
vehicle service robot 100a to the first service providing
position P1 on the guide rail 2 or to the second service
providing position P2 around the guide rail 2.

[0182] The rotation arm 5 includes a first driving source
connection part 51 rotated by the first driving source 4 and
a service robot mounting part 52 disposed at a side opposite
to the first driving source connection part 51 in the longi-
tudinal direction of the rotation arm 5.

[0183] The first driving source connection part 51 may be
disposed on the slider 3, and the service robot mounting part
52 may be disposed on the slider 3 or may not be disposed
on the slider 3 according to the rotational angle of the
rotation arm 5 but disposed close to the parking areas Al,
A2, A3, and A4.

[0184] The robotic system may correspond to an area as
long as the length [.1 of the guide rail 2, the length [.2 of the
rotation arm 5 and the maximum extension length of the
service providing robot 100a.

[0185] The length .2 of the rotation arm 5 may be a
longitudinal length of the rotation arm 5. The length [.2 of
the rotation arm 5 may be a factor that determines a reaching
distance by which vehicle service robot 1004 is away from
the guide rail 2.

[0186] The more the length [.2 of the rotation arm 5
increases, the more a distance at which the vehicle service
robot 100a maximally reaches the guide rail 2 (hereinafter,
a maximum reaching distance) may increase, and the more
the length L2 of the rotation arm decreases, the more a
distance at which the vehicle service robot 100a maximally
reaches the guide rail 2 may decreases.

[0187] The length 1.2 of the rotation arm 5 may be less
than the length L1 of the guide rail 2. A minimum length of
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the rotation arm 5 may be greater than the length [.3 of the
guide rail 2 in the front and rear direction X.

[0188] The length 1.2 of the rotation arm 5 may be proper
y determined in consideration of a weight of the vehicle
service robot 1004a, an amount of deflection of the service
robot mounting part 52 of the rotation arm 5, and an
interference with the vehicle 2 when the rotation arm 5
rotates.

[0189] The length [.2 of the rotation arm 5 may have an
appropriate length .2 at which the rotation arm 5 rotates
between a pair of vehicles adjacent to each other even when
the vehicle is parked in each of a pair of parking areas A2
and A3 adjacent to each other. As illustrated in FIG. 9, the
length 1.2 of the rotation arm 5 may be less than the shortest
straight distance [.4 between a wheel stopper 12 and the
guide rail 2 installed in the parking areas Al, A2, A3, and
Ad4.

[0190] When a plurality of wheel stoppers 12 are installed
in the parking areas A1, A2, A3 and A4, the length [.2 of the
rotation arm 5 is less than the shortest straight distance 1.4
between the wheel stopper 12, which is closest to the guide
rail 2, of the plurality of wheel stoppers 21 and an the guide
rail 2.

[0191] The robotic system may further include a charger 7
for charging the vehicle. The charger 7 may be connected to
the vehicle service robot 100a through CAN communication
or RS communication.

[0192] The charger 7 may be controlled by a charging
station system CCS. The charging station system CCS may
control charging of the vehicle 2 by the charger 7, manage-
ment of the charger 7, and a payment system.

[0193] The charger 7 may be installed to be fixed around
the parking areas Al, A2, A3, and A4. The charger 7 may
include a plug 71 connected to the charging port of the
vehicle. The charger 7 may further include a charger body
72. The charger body 72 and the plug 71 may be connected
to a charging cable 73.

[0194] The plug 71 may be mounted on a plug holder
installed in the charger body 72 while the vehicle is not
charged. Also, for charging the vehicle, the plug 71 may
move to a position of the charging port of the vehicle, which
is a target to be charged, by the slider 3, the rotation arm 5,
and the vehicle service robot 100a.

[0195] The charger body 72 may be provided with a
payment module and a payment system capable of paying
service costs. The payment via credit card, recharge card,
mobile, cash, NFC, etc. may be performed through the
payment module. The payment module may be configured
as a touch screen or a card reader, etc. that is capable of
being touched by a payer.

[0196] When the charger 7 completes the payment of the
service cost through the payment module, the payment
system transmits a payment completion signal to a robot
control system RSR or a control system CS, which will be
described later, of the vehicle service robot 100a, and thus,
the robot system may prepare the charging of the vehicle.

[0197] The first driving source 4, the second driving
source 6, and the vehicle service robot 100a may constitute
the robot control system RSR.

[0198] The robot control system RSR (or robot system)
may transfer the plug 71 around the charging port of the
vehicle to connect the plug 71 to the charging port. When the
charging is completed, the plug 71 is disconnected from the
charging port to move to the charger 7.
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[0199] The robot control system RSR (or robot system)
may control the first driving source 4, the second driving
source 6, and the vehicle service robot 100A. The robot
control system RSR may include a controller capable of
controlling the first driving source 4, the second driving
source 6, and the vehicle service robot 100a. The controller
may control the first driving source 4 and/or the second
driving source 6 so that the vehicle service robot 100a
moves around the charging port position. The controller may
be installed in at least one of the vehicle service robot 1004,
the charger 7, and the server 500.

[0200] The vehicle service robot 100a may be controlled
in a plurality of modes, and the plurality of modes may
include a connection mode and a release mode.

[0201] The connection mode may be a mode in which the
vehicle service robot 100a connects the plug 71 of the
charger 7 to the charging port of the vehicle 2.

[0202] The release mode may be a mode in which the
vehicle service robot 100a separates the plug 71 from the
charging port.

[0203] The controller may control the first driving source
4 and/or the second driving source 6 so that the vehicle
service robot 100a moves around the charging port of the
vehicle 2 when the vehicle 2 is in a chargeable state and then
control the vehicle service robot 100a in the connected
mode.

[0204] The robot system may include an indicator 8 or a
display mechanism for displaying a chargeable area among
the plurality of parking areas Al, A2, A3, and A4. The
indicator 8 is preferably disposed at a height H5, which
provides optimal information to the driver of the vehicle
moving toward the parking areas A1, A2, A3 and A4.
[0205] The indicator 8 may be provided as a display and
may include indicators such as arrows. Also, the indicator 8
may be provided as beam irradiator which irradiates a laser
beam or the like to front of the vehicle 2.

[0206] The indicator 8 may be provided by a combination
of the display 81 and the indicator 82. For example, when
the vehicle enters, the display 81 displays a license number
of the vehicle 2, positions or numbers of the parking areas
Al, A2, A3, and A4, a position or number of the vehicle
service robot 100a, and a position or number of the vehicle
service charger 7. The indicator 8 may guide the parking of
the vehicle 2 so that the vehicle 2 travels to the parking area
that is optimally provided with the service.

[0207] The robotic system may include a plurality of
vehicle service robots 100a and a plurality of chargers 7, and
when the vehicle 2 is parked in the parking area selected by
the driver or in the parking area guided by the robotic
system, the indicator 8 may guide the stop of the vehicle 2.

[0208] The robotic system may further include a speaker
9 capable of generating announcements or warning sounds
to guide the use of the vehicle service facility 1. The speaker
9 may perform guide broadcasting for limiting riding and
getting off of the driver or the like until the plug 71 is
connected to the charging port of the vehicle 2. The speaker
9 may perform the guide broadcasting to guide the driver
when the vehicle 2 is unsuitable for receiving the service by
the vehicle service robot 100a.

[0209] The robotic system may further include at least one
sensor. The sensor may sense the vehicle 2. The sensor may
sense not only the vehicle 2 but also an area around the
vehicle or the driver.
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[0210] The sensor may include a vision sensor 91. The
vision sensor 91 may recognize a vehicle license plate or the
like when the vehicle 2 enters.

[0211] When the license plate is recognized by the vision
sensor 91, the robot system may move the vehicle service
robot 100a near to the position of the charging port of the
vehicle according to the information of the vehicle sensed by
the vision sensor 91, that is, the license plate 91.

[0212] The information of the vehicle license plate sensed
by the vision sensor 91 may be transmitted to the server 500,
and the robotic system, for example, the server 500 may
inquire a kind of vehicle of which the vehicle license plate
is sensed, and a position of the charging port according to the
information of the vehicle sensed by the vision sensor 91.
The server 500 may transmit the charging port position
information of the vehicle to the robot control system RSR
to be described later. The server 500 may constitute the
control system CS.

[0213] The server 500 may be provided as the Al server
illustrated in FIGS. 2 and 3 and may be provided as a general
server storing various data for controlling the robot system
without using the artificial neural network.

[0214] The server 500 is preferably provided as the Al
server so that information about new vehicles, license plates,
and the like are automatically updated, but the server 500 is
not limited to the Al server.

[0215] The robot system may move the vehicle service
robot 100a around the charging port position according to
the information of the license plate. Also, for this, the robot
system may drive at least one of the first driving source 4 or
the second driving source 6.

[0216] The vision sensor 91 may sense a hazard around
the vehicle 2, for example, around the vehicle service robot
100a while the vehicle 2 is being charged. The vision sensor
91 may sense whether the position of the vehicle 2 or the
surrounding object approaches the vehicle 2, the vehicle
service robot 100a, or the charger 7, whether the door of the
vehicle 2 is opened, whether the driver’s is ridden or getting
off, and whether the vehicle 2 is started.

[0217] The vision sensor 91 may be preferably installed at
a position capable of reliably sensing the vehicle license
plate of the vehicle that enters in the parking areas Al, A2,
A3, and A4. Also, the vision sensor 91 may preferably
installed at a position capable of sensing all of the vehicle 2,
which is in the parking areas A1, A2, A3, and A4, the vehicle
service robot 100a, and the charger V.

[0218] The vision sensor 91 is capable of sensing infor-
mation on approximately above the parking area A1, A2, A3,
A4.

[0219] The vision sensor 91 may constitute a global vision
system GV capable of sensing information of the vehicle on
the vehicle 2.

[0220] The global vision system GV may recognize the
license plate of the vehicle when the vehicle 2 is in the
vehicle 2 and sense a risk factor while the vehicle is
changed.

[0221] The vision sensor 91 may be constituted by a
combination of a plurality of camera sensors, and the
plurality of camera sensors may be installed to sense dif-
ferent areas of the vehicle service facility 1. For example,
one of the plurality of camera sensors 91A may be installed
at a position capable of reliably sensing the vehicle license
plate when the vehicle 2 enters. The other camera sensor
91B of the plurality of camera sensors may be installed at a
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position capable of sensing the vehicle 2, the parking areas
Al, A2, A3, A4, the vehicle service robot 100a, and the
charger 7 around the parking area.

[0222] The sensor may include an ultrasonic sensor 92.
The ultrasonic sensor 92 may be a sensor capable of sensing
the approach of an object and a distance from the object and
may be installed to be disposed around the parking areas Al,
A2, A3, and A4. The ultrasonic sensor 92 may be installed
on the guide rail 2, the slider 3, or the like. The ultrasonic
sensor 92 may sense whether the vehicle 2 is close to the
parking areas Al, A2, A3, and A4 and whether the vehicle
2 is out of the parking area.

[0223] The vision sensor 91 and the ultrasonic sensor 92
may sense various factors (e.g., risk factors) for determining
whether a service starts before providing the service by the
vehicle service robot 100a.

[0224] The sensor may include a vision camera 93 capable
of sensing the charging port of the vehicle 2. The vision
camera 93 may be mounted to the vehicle service robot
100a. When the vehicle service robot 100a moves near to
coordinates (X, Y, Z) of the charging port, the vision camera
93 may sense a port cover or a kind of the port cover, and
the vehicle service robot 100a may open the port cover to be
opened. When the port cover is opened by the vehicle
service robot 100a, the vision camera 93 may sense the
charging port that is not covered by the port cover, and the
vehicle service robot 100a may accurately recognize the
position of the charging table.

[0225] The vision camera 93 may constitute the robot
vision system RSC capable of recognizing the position of
the charging port of the vehicle 2. The robot vision system
RCS may be installed in the vehicle service robot 100a to
sense the charging port of the vehicle 2.

[0226] The robotic system may further include a sensor
control system SS. The sensor control system SS may be a
system for controlling sensors related to safety. The vehicle
service facility 1 may include an area sensor 94 and an
ultrasonic sensor 92, which detect obstacles around the
parking zone.

[0227] The control system CS may query database of the
vehicle 2 and control the speaker 9 to conduct the guide
broadcast to guide the provision of the service to the vehicle
2.

[0228] As illustrated in FIG. 11, the control system CS
communicate with a sensor control system SS, a global
vision system GV, a charging station system CCS, a robot
control system RSR, and a robot vision system RSC and
control each of the sensor control system SS, the global
vision system GV, the charging station system CCS, the
robot control system RSR, and the robot vision system RSC.
In this case, the robot system may be a centralized control
system, the control system CS may manage data of each
system SS, GV, CCS, RSR, and RSC, and when a data
request signal is transmitted from each system, the robot
system may transmit data corresponding to the request
signal to the system to which the request signal is transmit-
ted.

[0229] As described above, when the control system CS is
connected to communicate with each of the sensor control
system S8, the global vision system GV, the charging station
system CCS, the robot control system RSR, the robot vision
system RSC, the data between each system may be easily
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managed, and introduction of additional systems in addition
to the system or removal of a portion of the systems may be
easy.

[0230] FIG. 12 is a control block diagram illustrating
another example of the robot system according to an
embodiment.

[0231] In the robot system illustrated in FIG. 12, each of
the sensor control system SS, the global vision system GV,
the charging station system CCS, the robot control system
RSR may be connected to communicate with another system
without the separate control system CS illustrated in FIG.
11. In this case, the robotic system may be a distributed
control system. In this case, each system may be provided
independently, and thus, debugging of each system may be
convenient.

[0232] FIG. 13 is a control block diagram illustrating
further another example of the robot system according to an
embodiment.

[0233] The robot system illustrated in FIG. 13 may
include a robot management system RMS, a charging station
system CCS, and an integrated control system TS.

[0234] The robot management system RSM may include a
robot control system RSR controlling the first driving source
4, the second driving source 6, and the vehicle service robot
100a and a robot vision system RSC installed in the vehicle
service robot 100a to sense the charging port of the vehicle
2.

[0235] The integrated control system TS may include a
control system CS, a sensor control system SS, and a global
vision system GV recognizing the license plate of the
vehicle 2 when the vehicle 2 enters and sensing the hazard
during the charging of the vehicle 2.

[0236] The integrated control system TS may communi-
cate with the robotic management system RM and the
charging station system CCS.

[0237] The robot system illustrated in FIG. 13 may com-
bine the related systems with each other to constitute a large
system to communicate with the large system and may
minimize data communication when compared to the cen-
tralized control system illustrated in FIG. 11.

[0238] FIG. 14 is a flowchart illustrating a method for
controlling a robot system according to an embodiment.
[0239] As illustrated in FIG. 14, a method for controlling
a robot system may include: entry processing (S1) of pro-
cessing entering of a vehicle 2 when the vehicle enters,
charging processing (S2) of preparing charging of the
vehicle 2; connection processing (S3) of allowing a vehicle
service robot 1004 to connect a plug 71 of a charger 7 to a
charging port of the vehicle 2; and charging processing (S4)
of charging the vehicle 2.

[0240] The entry processing (S1) may recognize a license
plate of the vehicle 2, which enters the vehicle service
facility 1, through a vision sensor 91, and the robot system
may confirm a position of the charging portion of the vehicle
2 that enters the vehicle service facility 1. Information
sensed by the vision sensor 91 may be transmitted to a server
500, and the server 500 may inquire a manufacturer, a
model, and a model name according to the license plate
sensed by the vision sensor 91, and also inquire a position
of the charging port of the corresponding vehicle. That is,
the server 500 may transmit charging port position infor-
mation of the vehicle according to the information of the
vehicle sensed by the sensor, in particular, the vision sensor
91. The server 500 may transmit a signal according to the
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position information of the inquired charging port to a robot
control system RSR, a robot vision system RSC, a charging
station system CCS, an indicator 8, a speaker 9, and the like.
have.

[0241] The server 500 may determine one vehicle service
robot 100a of the plurality of vehicle service robots 100a,
which services a vehicle (hereinafter, referred to as a service
target vehicle), of which a license plate is sensed, by preset
program or an artificial neural network.

[0242] When the vehicle service robot 100a that services
the serviced vehicle is determined, the parking area to be
parked and the charger 7 to be serviced by the determined
vehicle service robot 100a may be determined.

[0243] In the entry processing (S1), the vehicle may be
guided to the parking area corresponding to the determined
charging service robot 100a and the charger 7.

[0244] The server 500 may transmit a signal of the parking
area in which the vehicle is parked to at least one of the
indicator 8 and the speaker 9.

[0245] The indicator 8 may display an arrow, a charger
number, and the like for guiding a direction in which the
charger 7 is disposed. The speaker 9 may guide the direction
in which the charger 7 is disposed.

[0246] In the entry processing (S2), the robot system may
guide a plurality of parking areas and a plurality of chargers
7 without guiding one parking area and one charger 7. A
driver that drives the service target vehicle 2 may select any
one of the plurality of guided parking zones/chargers 7 and
park the vehicle in the selected parking area.

[0247] When the service target vehicle 2 is completely
packed in the parking area, the robot system may determine
whether the service target vehicle 2 is normally parked in the
parking area by the vision sensor 91, the ultrasonic sensor
92, the vision camera 93, or the like.

[0248] The vision sensor 91 or the vision camera 93 may
sense a port cover of the service target vehicle 2. If that the
port cover is disposed in the chargeable area is not sensed by
the vision sensor 91 or the vision camera 93, the robot
system may induces the vehicle so that the port cover is
disposed in the chargeable area through the indicator 8 and
the speaker 9 or the like.

[0249] Here, the chargeable area may be an area set in the
parking area and may be defined as an area in which the
vehicle service robot 100¢ moving by the rotary arm 5
connects the plug 71 to the charging port.

[0250] If the port cover is disposed within the chargeable
area by the vision sensor 91 or the vision camera 93, the
robot system may service the service target vehicle 2. Thus,
the service target vehicle 2 may be stopped through the
indicator 8 and the speaker.

[0251] As described above, when the stop of the service
target vehicle 2 is completed, the entry process (S1) may be
completed.

[0252] The charge preparation processing (S2) may
include payment processing (S21).

[0253] In the payment processing (S21), a payer such as a
driver or a passenger (hereinafter, referred to as a customer)
may approach the charger 7 to pay a service cost through the
payment module and the payment system. The payer may
pay the cost through a credit card, a charge card, mobile,
cash, NFC, and the like, and when the payment of the service
cost is completed, the payment system may transmit a signal
of payment completion.
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[0254] During the payment processing (S21), the payment
module may display a type of charge (rapid charging, normal
charging, and the like), charging time, charging cancellation,
etc., and the payer may pay after selecting the charging type
and charging time.

[0255] The payer may input the charge cancellation while
the payment processing for the payment module is in
progress and then depart the service target vehicle 2. In this
case, the robot system may initiate the process.

[0256] In the charging preparation processing (S2), when
the payment is completed by the above payment processing
(S21), the charging standby processing (S22) may be per-
formed.

[0257] The charging standby processing (S22) may be a
process of confirming whether it is suitable for starting the
charging and whether it is safe before the charging process
(S3).

[0258] The payer such as the service target vehicle 2 or the
driver among the service target vehicle 2 and the vehicle
service robot 100a may open the port cover, and the robot
system may guide the opening of the port cover.

[0259] During the charging standby processing (S22), the
opening of the port cover may be requested through a
display or a guide speech, and the opening of the port cover
may be sensed through the vision sensor 91 or the vision
camera 93.

[0260] In the charging standby processing (S22), the robot
system may check whether the vision sensor 91 re-senses the
license plate of the service target vehicle 2 and whether the
license plate is identical to the license plate sensed in the
entry processing (S1). In this case, the robot system may
check whether the vehicle that is guided the parking to the
specific parking area matches the vehicle that has completed
the service fee payment.

[0261] In the charging standby processing (S22), the robot
system may sense whether the vehicle service robot 100q is
safe by using the vision sensor 91, the ultrasonic sensor 92,
and the vision camera 93.

[0262] In the charging standby processing (S22), at least
one of the vision sensor 91 and the ultrasonic sensor 92 may
sense whether the service target vehicle 2 is out of the
parking target area.

[0263] In the charging standby processing (S22), the
vision sensor 91 may sense the starting of the vehicle 2, the
opening of the door of the vehicle 2, and the getting off of
the customer.

[0264] In the charging standby processing (S22), the
vision sensor 91 may sense whether a nearby object
approaches the service target vehicle 2, the vehicle service
robot 100q, or the charger 7.

[0265] In the charging standby processing (S22), the robot
system may generate a guide broadcast to limit the riding or
getting off of the customer. The speaker 9 may transmit
information such as whether the charging is to be started or
the charging start time to the customer before the charging
starts.

[0266] As described above, in the charging standby pro-
cessing (S22), when the vehicle 2 is outside the parking area,
the vehicle 2 is not started off, the door of the vehicle 2 is
opened, the customer gets off, or the ultrasonic sensor 92 or
the vision sensor 91 approaches the vehicle, the vehicle
service robot 100a, or the charger 7, the following connec-
tion processing (S3) may not start or may be in standby. That
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is, the operation of the vehicle service robot 100a and the
operation of the charger 7 may be stopped.

[0267] In the charging standby processing (S22), when the
vehicle 2 is in the parking area, the vehicle 2 is started off,
the door of the vehicle 2 is closed, and the surrounding
object does not approach the vehicle, the vehicle service
robot 1004, or the charger 7 without the customer does not
get off, the robot system does not start the connection
processing (S3).

[0268] The connection processing (S3) may be a process
in which the vehicle service robot 100a moves the vehicle
service robot 100a to a position (hereinafter, optimal service
position) at which the vehicle service robot 100a optimally
executes the service such as the charging service, and then
the vehicle service robot 100a moving to the vehicle service
robot 100a couples the plug 71 of the charger 7 to the
charging port of the service target vehicle 2.

[0269] The connecting processing (S3) may include mov-
ing processing (S31) of moving the vehicle service robot
100a to the optimal service position.

[0270] In the state in which the service robot 100a holds
the plug 71 of the charger 7, the robot system may drive the
second driving source 6 to move the slider 3 and then drive
the first drive 4 to rotate the rotation arm 5. Then, when the
slider 3 moves, and the rotation arm 5 rotates, the service
target vehicle 2 may move to a position (i.e., the optimal
service position) that is close to the charging port of the
service target vehicle, which is transmitted from the server
500.

[0271] When the vehicle service robot 100a moves to the
optimum service position by the movement of the slider 3
and the rotation of the rotary arm 5, the vehicle service robot
1 may couple the plug 71 to the charging port.

[0272] The connecting processing (S3) includes a process
(S32) in which the vision camera 93 senses the port cover
position (hereinafter, referred to as cover recognition pro-
cessing (S32)), a process (S33) of approaching around the
port cover sensed by the vision camera 93 to sense a kind of
cover, thereby opening the cover of the vehicle service robot
100a (hereinafter, referred to as cover opening processing
(S33)), and a process (S34) of allowing the vehicle service
robot 100a to couple the plug 71 of the charger 7 to the
charging port (hereinafter, referred to as plug coupling
processing (S34)).

[0273] The cover recognition processing (S32) may be a
process of sensing the port cover of the service target vehicle
2 to recognize the charging port of the service target vehicle
2.

[0274] In the cover recognition processing (S32), the
vision camera 93 may sense the port cover at an optimal
service position, and a signal according to the position
information of the sensed port cover may be transmitted to
the controller.

[0275] In the cover opening processing (S33), the vehicle
service robot 100a may close the vision camera 93 to the
port cover, and the vision camera 93 may sense the type of
the port cover.

[0276] The vehicle service robot 100a may be equipped
with a tool for opening the port cover, and the vehicle
service robot 100a may operate so that the tool holds and
rotates or slides the port cover.

[0277] When the port cover is opened by the vehicle
service robot 100a, the vision camera 93 of the vehicle
service robot 100a may sense the charging port, and the
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vehicle service robot 100a may confirm whether the charg-
ing port of the service target vehicle matches the charging
port transmitted from the server 500 and recognize the
position of the charging port.

[0278] In the plug coupling processing (S34), the vehicle
service robot 100a may control the position, force, and
rigidity of the plug 71.

[0279] The position control of the plug 71 may be control
for positioning the plug 71 so that the plug 71 moves to a
position facing the charging port. In the controlling of the
position of the plug 71, the vehicle service robot 100a
approaches the plug 71 from the optimum service position to
the approach position and then moves from the approach
position to a final alignment position.

[0280] The controlling of the force and rigidity of the plug
71 may be control of moving the plug 71 in a direction in
which the plug 71 disposed at the final alignment position is
coupled to the charging port and coupling the plug 71 to the
charging port at external force N within a set range and
rigidity (N/m) within a set range.

[0281] When the plug 71 is normally connected to the
charging port, the vehicle service robot 100a may generate
a charge connection signal, and the operation of the vehicle
service robot 100a may be stopped. When the charging
connection signal is generated, the charging processing (S4)
may be performed.

[0282] In the charging processing (S4), the charger 7 may
charge the serviced vehicle through a charging cable 73 and
the plug 71, and when the charging is completed, the charger
7 may generate a charging completion signal. The charging
completion signal may be transmitted to the vehicle service
robot 100a through the control system CC or directly
transmitted from the charger 7 to the vehicle service robot
100a.

[0283] When the charge completion signal is received, the
vehicle service robot 100a may perform a separation pro-
cessing (S5) to be described later.

[0284] The method for controlling the robot system may
further include the separation step (S5) of separating the
plug 71 from the charging port of the vehicle 2.

[0285] When the charging completion signal is received
by the vehicle service robot 100a during the separation
processing (S5), the vehicle service robot 100a may separate
the plug 71 from the charging port (851, hereinafter, referred
to as plug separation processing (S51)).

[0286] In the plug separation processing (S51), the vehicle
service robot 100a may control the position, the force, and
the rigidity of the plug 71.

[0287] In the separating processing (S5), the vehicle ser-
vice robot 100a may include a process of returning the plug
71 to the charger 7 (S52, hereinafter, referred to as plug
return processing (S52)).

[0288] In the plug return processing (S52), the vehicle
service robot 100a may be a process of moving the plug 71
separated from the charging port to a supporter of the
charger body 72, and the first driving source 4 and the
second driving source 6 may be driven to move the vehicle
service robot 100a to a setting position around the charger
7. Here, the setting position may be a position at which the
plug 71 is connected to the charger body 72 by the operation
of the vehicle service robot 100a and may be a preset
position around the charger 7.

[0289] As described above, in the separation processing
(S5), the robot system may operate so that the vehicle
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service robot 100a closes the port cover, and the service
target vehicle 2 or the customer closes the port cover.
[0290] The robotic system may guide the driver or the like
through the indicator 8 or speaker 9 to close the port cover.
[0291] The method for controlling the robot system further
includes: exit preparation processing (S6) for preparing
exiting of the vehicle, which is performed after the separa-
tion processing (S5); and exit processing (S7) for processing
the exiting of the vehicle 2.
[0292] The exit preparation processing of the exiting of
the vehicle may include: allowing the vision sensor to sense
a closed state of the port cover that covers the charging port;
allowing the vision sensor to inform the opened state of the
port cover when the port cover is in the opened state; and
allowing the vision sensor to confirm surroundings or a
vehicle state.
[0293] The exit processing (S7) may reset the vehicle
service robot 100a and notify the customer of the comple-
tion of the charging.
[0294] FIG. 15 is a view illustrating a modified example of
the vehicle service robot according to an embodiment.
[0295] The robot system illustrated in FIG. 15 includes a
transfer robot 1006' having a driving wheel 31; a driving
source 4' installed in the transfer robot 1005'; a rotation arm
5 rotating by the driving source 4'; and a vehicle service
robot 100q installed in the rotation arm 5, which moves by
the rotation arm 5.
[0296] An example of the transfer robot 1005' illustrated
in FIG. 15 may be an autonomous vehicle capable of
traveling by itself, and the transfer robot 1005' may travel
unmannedly around the vehicle 2 that is a service target. The
driving source 4' may rotate the rotary arm 5 when the
transfer robot 100" is driven around the vehicle 2 or when
the transfer robot 100" is completed driving around the
vehicle. The service robot 100¢ may move to an optimal
service position around the vehicle 2.
[0297] In the robot system of the this embodiment, since
the transfer robot 1004 includes the driving wheel 31, the
structure may be complicated. However, as illustrated in the
drawings, when the rotation arm 5 rotates with respect to the
slider 3, a movable area of the vehicle service robot 100a
may be larger.
[0298] According to an embodiment, the vehicle service
robot may move to a position at which the vehicle is serviced
by the slider and the rotation arm, to maximize the reach
distance of the vehicle service robot with the simple struc-
ture.
[0299] The above-disclosed subject matter is to be con-
sidered illustrative, and not restrictive, and the appended
claims are intended to cover all such modifications,
enhancements, and other implementations, which fall within
the scope of the present disclosure.
[0300] Thus, the implementation of the present disclosure
is to be considered illustrative, and not restrictive.
[0301] Therefore, the scope of the present disclosure is
defined not by the detailed description of the invention but
by the appended claims, and all differences within the scope
will be construed as being included in the present disclosure.

What is claimed is:

1. A robot system comprising:

a guide rail;

a slider configured to move along the guide rail;

a first driving source disposed on the slider to move

together with the slider;
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a rotation arm configured to rotate by the first driving
source; and

a vehicle service robot installed on the rotation arm to
move by the rotation arm.

2. The robot system according to claim 1, wherein the first
driving source is controlled in a plurality of modes,

wherein the plurality of modes comprises:

a first mode in which the rotation arm rotates in a first
direction in which the rotation arm is long in a longi-
tudinal direction of the guide rail; and

a second mode in which the rotation arm rotates in a
second direction in which the rotation arm crosses the
longitudinal direction of the guide rail.

3. The robot system according to claim 1, wherein the
guide rail is disposed around a plurality of parking areas, and

the rotation arm has a length less than the shortest straight
distance between a wheel stopper installed in each of
the parking areas and the guide rail.

4. The robot system according to claim 1, further com-
prising an indicator configured to indicate a chargeable area
of the plurality of parking areas.

5. The robot system according to claim 1, further com-
prising a safety guard disposed between each of the parking
areas and the guide rail,

wherein an upper end of the safety guide has a height less
than that of the rotation arm.

6. The robot system according to claim 1, further com-
prising:
a sensor configured to sense a vehicle;
a server configured to transmit charging port position
information of the vehicle according to information of
the vehicle, which is sensed by the sensor; and

a controller configured to control the vehicle service robot
and the first driving source,

wherein the controller controls the first driving source so
that the vehicle service robot moves around a position
of a charging port of the vehicle, which is sensed by the
sensor.

7. The robot system according to claim 1, wherein the
vehicle service robot is controlled in a plurality of modes,
wherein the plurality of modes comprises:

a connection mode in which the vehicle service robot
connects a plug of a charger to a charging port of a
vehicle; and

a release mode in which the vehicle service robot sepa-
rates the plug from the charging port,

wherein, when the vehicle is in a chargeable state, the
controller controls the first driving source so that the
vehicle service robot moves around the charging port of
the vehicle and controls the vehicle service robot to the
connection mode.

8. A robot system comprising:
a transfer robot having a driving wheel;
a driving source mounted on the transfer robot;

a rotation arm configured to rotate by the driving source;
and

a vehicle service robot installed on the rotation arm to
move by the rotation arm.
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9. The robot system according to claim 1, further com-
prising:

a sensor control system;

a vision system configured to sense a license plate of the
vehicle when the vehicle enters, the vision system
being configured to sense a risk factor when the vehicle
is charged;

a charging station system configured to control a charger
that charges the vehicle;

a robot control system configured to control the first
driving source, a second driving source that allows the
slider to straightly move, and the vehicle service robot;
and

arobot vision system installed in the vehicle service robot
to sense a charging port of the vehicle.

10. The robot system according to claim 9, further com-
prising a control system configured to control the sensor
control system, a global vision system, the charging station
system, the robot control system, and the robot vision
system.

11. The robot system according to claim 9, wherein each
of sensor control system, a global vision system, the charg-
ing station system, the robot control system, and the robot
vision system communicates with other systems.

12. The robot system according to claim 1, further com-
prising:

a robot management system comprising: a robot control
system configured to control the first driving source, a
second driving source that allows the slider to straightly
move, and the vehicle service robot; and a robot vision
system installed in the vehicle service robot to sense a
charging port of the vehicle;

a charging station system configured to control a charger
that charges the vehicle; and

an integrated control system configured to communicate
with the robot management system and the charging
station system,

wherein the integrated station system comprises:

a sensor control system;

a global vision system configured to sense a license plate
of the vehicle when the vehicle enters, the global
system being configured to sense a risk factor when the
vehicle is charged; and

a control system.

13. A method for controlling a robot system, which
comprises: a driving source; a rotation arm rotating by the
driving source; and a vehicle service robot installed on the
rotation arm, the method comprising:

entry processing of a vehicle when the vehicle enters;

preparing charging of the vehicle;

allowing the vehicle service robot to connect a plug to a
charging port of the vehicle after the rotation arm
rotates by the driving source so that the vehicle service
robot moves to a position adjacent to the charging port
of the vehicle in a state of holding a plug of a charger;
and

charging the vehicle.

14. The method according to claim 13, wherein the entry
processing of the vehicle comprising:

allowing a vision sensor to sense a license plate of the
vehicle;

confirming a position of the charging port of the vehicle
according to the license plate;
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determining a charging service robot for servicing the
vehicle of which the license plate is sensed among a
plurality of charging service robots; and

guiding the vehicle to a parking area corresponding to the

determined charging service robot.

15. The method according to claim 14, wherein the
preparing charging of the vehicle comprises:

allowing a customer to pay a service cost; and

allowing the vehicle to be standby for charging after a

payment of the service cost.

16. The method according to claim 15, wherein the
allowing the vehicle to be standby comprises:

allowing the vision sensor to re-sense the license plate of

the vehicle; and

confirming whether the license plate recognized in the

entry processing of the vehicle is the same.

17. The method according to claim 15, wherein the
allowing the vehicle to be standby comprises:

allowing at least one of the vision sensor or an ultrasonic

sensor to sense whether the vehicle gets out of a
parking area,

allowing the vision sensor to sense start-off of the vehicle,

door opening of the vehicle, and getting off of the
customer,

allowing the vision sensor to sense whether a nearby

object to approaches the vehicle, the vehicle service
robot, or the charger; or

generating an announcement for limiting riding or getting

off of the customer.

18. The method according to claim 13, wherein the
allowing the vehicle service robot to connect a plug to a
charging port comprises:

allowing a vision camera to recognize a position of a port

cover;

allowing the vision camera to approach surroundings of

the recognized position and sense a type of port cover,
and allowing the vehicle service robot to open the port
cover; and

allowing the vehicle service robot to connect the plug to

the charging port,

wherein, when the plug is connected to the charging port,

a position, force, and rigidity of the plug are controlled.

19. The method according to claim 13, further comprising
separating the plug from the charging port of the vehicle,

wherein the separating of the plug comprises:
allowing the vehicle service robot to separate the plug
from the charging port when the charger receives a
charging completion signal from the robot; and

allowing the vehicle service robot to move so that the plug
returns to the charger.

20. The method according to claim 19, further compris-
ing:

preparing exiting of the vehicle; and

processing the exiting of the vehicle,

wherein the preparing of the exiting of the vehicle com-

prises:

allowing a vision sensor to sense a closed state of a port

cover that covers the charging port;

allowing the vision sensor to inform an opened state of the

port cover when the port cover is in the opened state;
and
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allowing the vision sensor to sense surroundings or a
vehicle state,

wherein preparing exiting of the vehicle comprises:

resetting the vehicle service robot; and

informing charging completion to a customer.
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