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AUTONOMOUS MOBILE APPARATUS, DOCKING STATION, AND METHOD 

OF CONTROLLING SAME APPARATUS 

 

BACKGROUND OF THE PRESENT DISCLOSURE 

Field of the Present Disclosure 

[0001] The present disclosure relates to an autonomous mobile apparatus configured for 

smoothly docking with a docking station through compliance control when autonomously 

docking therewith and a docking station with which the autonomous mobile apparatus 

smoothly docks through the compliance control when autonomously docking therewith. 

Description of Related Art 

[0002] In recent years, there has been an increasing concern with autonomous mobile 

apparatuses.  The autonomous mobile apparatus employs autonomous traveling 

technologies that enable autonomous traveling without operation by a user or an occupant, 

such as an operation of determining whether or not to start traveling, an operation of 

setting a traveling direction, and an operation of adjusting a traveling speed.  Examples of 

the autonomous mobile apparatus include an autonomous traveling vehicle, an 

autonomous mobile robot, and a robot cleaner. 

[0003] The autonomous mobile apparatus may be used in various ways according to its 

intended purpose, but needs to dock with a docking station for a predetermined time 

period.  For example, the autonomous traveling vehicle needs to dock with its docking 

station for being supplied with fuel or for being charged with electricity, and the robot 

cleaner needs to dock with its docking station for being supplied with a cleaning solution 

and for being supplied with a replacement for the used water tank. 

[0004] A drive unit of an autonomous mobile apparatus in the related art is controlled with 

a high power output for the autonomous mobile apparatus to make physical contact with 

its docking station.  In the instant case, a main body of the autonomous mobile apparatus 
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may be damaged due to the possible collision between the autonomous mobile apparatus 

and its docking station. 

[0005] Mobile apparatuses, such as robots and vehicles, may operate through compliance 

control that complies with a surrounding environment to prevent damage and provide 

smooth contact with an object.  An apparatus, when under the compliance control, may be 

protected against an excessive force exerted thereon.  Thus, the compliance control is 

effective in operations to be performed for connection and contact between apparatuses. 

[0006] The information included in this Background of the present disclosure section is 

only for enhancement of understanding of the general background of the present 

disclosure and may not be taken as an acknowledgement or any form of suggestion that 

this information forms the prior art already known to a person skilled in the art. 

 

BRIEF SUMMARY 

[0007] Various aspects of the present disclosure are directed to providing an autonomous 

mobile apparatus configured for moving in proximity to a docking station so that the 

autonomous mobile apparatus comes with a predetermined distance from the docking 

station and then smoothly docking with the docking station through compliance control 

and a method of controlling the autonomous mobile apparatus.  The autonomous mobile 

apparatus and the method of controlling the autonomous mobile apparatus provide the 

advantage of preventing possible collision between the autonomous mobile apparatus and 

the docking station. 

[0008] Various aspects of the present disclosure are to provide a docking station with 

which an autonomous mobile apparatus docks through compliance control.  The present 

compliance control is performed after the autonomous mobile apparatus moves in 

proximity with the docking station so that the autonomous mobile apparatus comes within 

a predetermined distance from the docking station. 

[0009] The present disclosure is not limited to the above-described objectives. From the 

present specification and the accompanying drawings, other objectives would be 

understood by a person of ordinary skill in the art to which an exemplary embodiment of 

the present disclosure pertains. 
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[0010] According to various aspects of the present disclosure, there is provided an 

autonomous mobile apparatus that autonomously docks with a docking station, the 

apparatus including: a main body including at least one connection unit connected to the 

docking station; a drive unit configured to move the main body; and a processor 

configured to control the drive unit, wherein the processor is configured to control 

operation of the drive unit in a first mode for causing the main body to move in proximity 

to the docking station and a second mode for bringing the connection unit into contact 

with the docking unit of the docking station. 

[0011] In the autonomous mobile apparatus, the processor may control the drive unit in 

the first mode to move the main body so that a distance between the main body and the 

docking station is equal to or smaller than a predetermined distance. 

[0012] The autonomous mobile apparatus may further include a distance measurement 

detector configured to measure the distance between the main body and the docking 

station, wherein the processor switches from controlling the drive unit in the first mode to 

controlling the drive unit in the second control based on the distance measured by the 

distance measurement detector. 

[0013] In the autonomous mobile apparatus, in the second mode, the processor may 

perform compliance control of the drive unit such that, with a force exerted on the main 

body, the connection unit is brought into contact with the docking unit. 

[0014] In the autonomous mobile apparatus, a plurality of connection units may be 

provided, a plurality of connectors that correspond to the connection units, respectively, 

may be provided in the docking unit, the processor may perform control to detect whether 

all the connection units are brought into contact with the corresponding connectors, 

respectively, and when all the connection units are brought into contact with the 

corresponding connectors, respectively, the processor may determine that the contact is 

properly made. 

[0015] In the autonomous mobile apparatus, when it is determined that the contact is 

properly made, the processor may control the drive unit so that the connection unit and the 

connector is physically fastened to each other. 

[0016] In the autonomous mobile apparatus, when at least a connection unit is not brought 

into contact with the corresponding connectors, respectively, the processor may determine 
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that the contact is improperly made, may perform control to detect the connection unit 

which is not in contact among the connection units, and may control the drive unit so that 

the connection unit not in contact are brought into contact with the corresponding 

connector. 

[0017] In the autonomous mobile apparatus, the processor may control the drive unit for a 

predetermined time period or a predetermined number of times so that the connection unit 

is brought into contact with the docking unit, and when the predetermined time period 

elapses or the predetermined number of time is exceeded, the processor may control the 

drive unit so that the docking is interrupted. 

[0018] According to various aspects of the present disclosure, there is provided a docking 

station with which an autonomous mobile apparatus docks, the station including: a 

docking unit connected to the autonomous mobile apparatus; a moving device configured 

to move the docking unit; and a controller configured to control the moving device, 

wherein when the autonomous mobile apparatus moves in proximity to the docking unit, 

the controller is configured to control operation of the moving device so that the docking 

unit is brought into contact with a connection unit of the autonomous mobile apparatus. 

[0019] The docking station may further a distance measurement detector configured to 

measure a distance between the autonomous mobile apparatus and the docking station, 

wherein the controller may be configured to control the moving device so that the docking 

is brought into contact with the connection unit, based on the distance measured by the 

distance measurement detector. 

[0020] In the docking station, the controller may perform compliance control of the 

moving device so that the docking unit is brought into contact with the connection unit. 

[0021] In the docking station, the docking unit may include a plurality of connectors, a 

plurality of connection units that correspond to the connectors, respectively, may be 

provided in the autonomous mobile apparatus, the controller may perform control to detect 

whether all the connectors are brought into contact with the corresponding connection 

units, respectively, and when all the connectors are brought into contact with the 

corresponding connection units, respectively, the controller may be configured to 

determine that the contact is properly made. 
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[0022] In the docking station, when all the connectors are not brought into contact with 

the corresponding connection units, respectively, the controller may be configured to 

determine that the contact is improperly made, may perform control to detect the 

connector which is not in contact, and may control the moving device so that the 

connector not in contact is brought into contact with the corresponding connection unit. 

[0023] According to yet another aspect of the present disclosure, there is provided a 

method of controlling an autonomous mobile apparatus that docks with a docking station, 

the method including: starting, by the autonomous mobile apparatus, docking; executing a 

first mode for causing the autonomous mobile apparatus to move to a docking unit of the 

docking station; executing a second mode for causing the autonomous mobile apparatus to 

bring a plurality of connection units into contact with a plurality of connectors, 

respectively, of the docking unit, when the autonomous mobile apparatus moves in 

proximity to the docking station so that the autonomous mobile apparatus comes within a 

predetermined distance; and connecting the connection unit and the docking unit to each 

other when it is determined that the connection unit is brought into proper contact with the 

docking unit. 

[0024] In the method, in the executing of the second mode, compliance control of the 

autonomous mobile apparatus is performed so that with a force exerted on the autonomous 

mobile apparatus, the connection unit is brought into contact with the docking unit. 

[0025] In the method, in the executing of the second mode, it may be determined whether 

all the connection units are brought into contact with the corresponding connectors, 

respectively, and when all the connection units are brought into contact with the 

corresponding connectors, respectively, it may be determined that the contact is properly 

made. 

[0026] In the method, in the executing of the second mode, when at least a connection unit 

is not brought into contact with the corresponding connectors, respectively, it may be 

determined that the contact is improperly made, control may be performed to detect the 

connection unit which is not in contact among the connection units, and the autonomous 

mobile apparatus may be controlled so that the connection unit not in contact is brought 

into contact with the connector. 
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[0027] According to exemplary embodiments of the present disclosure, the autonomous 

mobile apparatus moves in proximity to the docking station, and then smoothly docks with 

the docking station through the compliance control.  Thus, a situation where the 

autonomous mobile apparatus and the docking station collide with each other may be 

prevented. 

[0028] Furthermore, according to the embodiments, when the autonomous mobile 

apparatus autonomously docks with the docking station, the autonomous mobile apparatus 

and the locking station are connected to each other in a state where all the connection units 

are brought into contact with the docking unit.  Thus, the autonomous mobile apparatus 

and the locking station may be stably connected to each other. 

[0029] The methods and apparatuses of the present disclosure have other features and 

advantages which will be apparent from or are set forth in more detail in the 

accompanying drawings, which are incorporated herein, and the following Detailed 

Description, which together serve to explain certain principles of the present disclosure. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a view exemplarily illustrating a state where an autonomous mobile 

apparatus according to various exemplary embodiments of the present disclosure docks 

with a docking station; 

[0031] FIG. 2 is a view exemplarily illustrating a state where the autonomous mobile 

apparatus according to the various exemplary embodiments are driven in the first mode; 

[0032] FIG. 3A and FIG. 3B are views each illustrating a state where the autonomous 

mobile apparatus according to the various exemplary embodiments are driven in the 

second mode; 

[0033] FIG. 4 is a view exemplarily illustrating a state where the autonomous mobile 

apparatus docks with a docking station according to various exemplary embodiments of 

the present disclosure; and 

[0034] FIG. 5 is a flowchart for a method of controlling the autonomous mobile apparatus 

according to various exemplary embodiments of the present disclosure. 
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[0035] It may be understood that the appended drawings are not necessarily to scale, 

presenting a somewhat simplified representation of various features illustrative of the 

basic principles of the present disclosure.  The specific design features of the present 

disclosure as disclosed herein, including, for example, specific dimensions, orientations, 

locations, and shapes will be determined in part by the particularly intended application 

and use environment. 

[0036] In the figures, reference numbers refer to the same or equivalent parts of the 

present disclosure throughout the several figures of the drawing.    

 

DETAILED DESCRIPTION 

[0037] Reference will now be made in detail to various embodiments of the present 

disclosure(s), examples of which are illustrated in the accompanying drawings and 

described below.  While the present disclosure(s) will be described in conjunction with 

exemplary embodiments of the present disclosure, it will be understood that the present 

description is not intended to limit the present disclosure(s) to those exemplary 

embodiments of the present disclosure.  On the other hand, the present disclosure(s) is/are 

intended to cover not only the exemplary embodiments of the present disclosure, but also 

various alternatives, modifications, equivalents and other embodiments, which may be 

included within the spirit and scope of the present disclosure as defined by the appended 

claims.  

[0038] A term to be used throughout the exemplary embodiment of the present disclosure 

is selected among general terms that are currently used as widely as possible, considering 

its meaning in context of the exemplary embodiment in which embodiments of the present 

disclosure is described.  However, the present term may vary depending on the intention 

of a person of ordinary skill in the art, a judicial precedent, the appearance of a new 

technology, or the like.  Furthermore, there may also be a term which is arbitrarily coined 

by the applicant.  When such a term is used, the meaning thereof will be described in 

detail.  Therefore, the meaning of the term which is used throughout the exemplary 

embodiment should be defined in light of the specification, not simply by the name of the 

term. 
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[0039] Unless otherwise particularly described, the expression "includes a constituent 

element", when used throughout the specification, means "further includes any other 

constituent element, not "excludes any other constituent element".  The term "unit", 

"module", or the like, which may be used throughout the specification, means an 

individual component that performs at least one function or operation and may be realized 

in hardware, software, or a combination of both. 

[0040] The exemplary embodiments of the present disclosure will be described in detail 

below with reference to the accompanying drawings so that a person of ordinary skill in 

the art to which an exemplary embodiment of the present disclosure pertains is enabled to 

practice the present disclosure without undue experimentation.  However, various 

modifications may be made to the various exemplary embodiments of the present 

disclosure, and the present disclosure is not limited to the various exemplary embodiments 

that will be described below. 

[0041] The exemplary embodiments of the present disclosure will be described in detail 

below with reference to the drawings.  An autonomous mobile apparatus 100 throughout 

the exemplary embodiment of the present disclosure refers to an apparatus configured for 

independently determining a traveling direction and moving in the traveling direction 

without operation by a user or an occupant.  For example, the autonomous mobile 

apparatus 100 according to various exemplary embodiments of the present disclosure may 

be an autonomous vehicle or an autonomous mobile robot.  The autonomous mobile 

apparatus 100 according to the various exemplary embodiments of the present disclosure 

may not only move independently, but may also move to a docking station 200 for 

docking therewith and dock with the docking station 200. 

[0042] FIG. 1 is a view exemplarily illustrating a state where the autonomous mobile 

apparatus 100 according to the various exemplary embodiments docks with the docking 

station 200. 

[0043] With reference to FIG. 1, the autonomous mobile apparatus 100 according to the 

various exemplary embodiments of the present disclosure may include a main body 110, a 

drive unit 120, and a processor 130. 

[0044] The main body 110 may include at least one connection unit 111 which is 

connected to the docking station 200.  A process of docking the autonomous mobile 
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apparatus 100 with the docking station 200 may be finished by connecting the connection 

unit 111 to a docking unit 210 of the docking station 200.  The docking unit 210 may refer 

to a portion of the docking station 200 with which the connection unit 111 of the 

autonomous mobile apparatus 100 docks.  For example, the docking station 200 may 

employ a ball locking structure in which at least one portion of the connection unit 111 

which is inserted into the docking unit 210 is physically fastened by a locking ball to the 

docking unit 210.  Furthermore, the connection unit 111 is brought into contact with the 

docking unit 210, and a signal is transmitted and received therebetween.  In the present 

manner, the connection unit 111 and the docking unit 210 may be connected to each other.  

However, the above-described connection methods are provided only for illustrative 

purposes, and the present disclosure is not limited to these methods. 

[0045] The drive unit 120 refers to a component configured for moving the main body 

110.  In other words, the autonomous mobile apparatus 100 may move according to 

operation of the drive unit 120.  The drive unit 120 may include a moving unit, such as a 

wheel of an autonomous mobile vehicle or a leg or a wheel of an autonomous mobile 

robot, which is configured for adjusting a position of the autonomous mobile apparatus 

100.  Furthermore, although not illustrated, the drive unit 120 may include a motor or an 

engine that provides motive power to the moving unit, a steering device adjusting a 

direction of the moving unit, a steering wheel, and the like. 

[0046] The processor 130 may control movement of the autonomous mobile apparatus 

100 by controlling the operation of the drive unit 120.  The processor 130 may control 

overall operations of the drive unit 120, such as determining of whether or not to start 

operation of the drive unit 120, setting of an operation direction, and adjusting of an 

operation speed.  The processor 130 receives signals from various detectors mounted on 

the autonomous mobile apparatus 100.  Accordingly, the processor 130 may perform 

control to detect a moving area or an obstacle and may search for an optimal moving path 

according to an objective of using the autonomous mobile apparatus 100.  Furthermore, 

the processor 130 controls the drive unit 120 so that the autonomous mobile apparatus 100 

moves along the optimal moving path which is found as a result of the search. 

[0047] FIG. 1 illustrates essential constituent elements of the autonomous mobile 

apparatus 100 according to the various exemplary embodiments and an essential 

constituent element of the docking station 200 which is associated with the autonomous 
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mobile apparatus 100.  Therefore, it would be understood by a person of ordinary skill in 

the art to which an exemplary embodiment of the present disclosure pertains that 

constituent elements other than the essential constituent elements illustrated in FIG. 1 may 

be further included in the autonomous mobile apparatus 100 and the docking station 200. 

[0048] When a docking condition is satisfied, the autonomous mobile apparatus 100 may 

start docking.  For example, when an amount of charge remaining in a battery which is a 

power source for the drive unit 120 falls to or below a predetermine numerical value, the 

autonomous mobile apparatus 100 may start the docking.  Alternatively, the autonomous 

mobile apparatus 100 that performs an automatic cleaning function may start the docking 

when an amount of remaining cleansing solution falls to or a predetermined numerical 

value. 

[0049] When the docking condition is satisfied, the processor 130 may control the drive 

unit 120 of the autonomous mobile apparatus 100 according to the various exemplary 

embodiments in a first mode and in a second mode. 

[0050] When the autonomous mobile apparatus 100 stars the docking, the processor 130 

may control the drive unit 120 in the first mode for controlling the operation of the drive 

unit 120 so that the main body 110 moves in proximity to the docking station 200.  When 

a distance between the main body 110 and the docking station 200 is equal to or smaller 

than a predetermined distance, the processor 130 may control the drive unit 120 in the 

second mode for connecting the connection unit 111 to the docking station 200. 

[0051] The first mode and the second mode are described in detail with reference to the 

drawings. 

[0052] FIG. 2 is a view exemplarily illustrating a state where the autonomous mobile 

apparatus according to the various exemplary embodiments are driven in the first mode; 

[0053] With reference to FIG. 2, the autonomous mobile apparatus 100 according to the 

various exemplary embodiments of the present disclosure may include a distance 

measurement detector 140 that measures a distance L between the main body 110 and the 

docking station 200.  The distance measurement detector 140 may be an ultrasonic 

detector that transmits an ultrasonic wave and receives the ultrasonic wave reflected off 

the docking station 200.  Furthermore, the distance measurement detector 140 may be an 
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optical detector that emits light and receives the light reflected off the docking station 200, 

but the present disclosure is not limited to the present optical detector. 

[0054] The distance measurement detector 140 may measure the distance L between the 

main body 110 and the docking station 200 and may transmit a result of the measurement 

to the processor 130.  The distance measurement detector 140 according to the various 

exemplary embodiments which is illustrated in FIG. 2 is provided in the autonomous 

mobile apparatus 100.  However, the distance measurement detector 140 may be provided 

in the docking station 200 and may be configured to transmit the result of the 

measurement to the processor 130. 

[0055] In the first mode, the processor 130 may control the drive unit 120 so that the main 

body 110 moves in proximity to the docking station 200.  For example, the processor 130 

may control the drive unit 120 so that the main body 110 moves in proximity to the 

docking unit 210, by moving the main body 110 forward or backward in a state where the 

main body 110 is positioned in a straight line with the docking station 200. 

[0056] The processor 130 may control the drive unit 120 based on an operating state of the 

drive unit 120 and a measurement value obtained by the distance measurement detector 

140 so that the main body 110 moves in proximity to the docking station 200.  For 

example, when the power source for the drive unit 120 is an electric motor, the processor 

130 may compute a speed of the drive unit 120 based on electric current of the electric 

motor, may make a comparison with the distance L between the autonomous mobile 

apparatus 100 and the docking station 200 which is measured by the distance measurement 

detector 140, and thus may control the drive unit 120 so that the main body 110 moves in 

proximity to the docking station 200 at an appropriate speed.  To prevent the main body 

110 from colliding with the docking station 200, the processor 130 may control the drive 

unit 120 so that the nearer the main body 110 is to a point which is positioned the distance 

L away from the docking station 200, the more decreased a moving speed of the main 

body 110. 

[0057] The processor 130 may switch from controlling the drive unit 120 in the first mode 

and to controlling the drive unit 120 in the second mode based on the distance L measured 

by the distance measurement detector 140.  The control in the first mode is control that 

causes the autonomous mobile apparatus 100 to move in proximity to the docking station 

200 so that the autonomous mobile apparatus 100 comes within a predetermined distance 
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from the docking station 200.  When the main body 110 comes within the distance L from 

the docking station 200, the connection unit 111 is positioned a suitable distance away 

from the docking unit 210, and thus, the processor 130 may control the drive unit 120 in 

the second mode for bringing the connection unit 111 into precise contact with the 

docking unit 210.  The predetermined distance configured as a reference for switching 

from controlling the drive unit 120 in the first mode to controlling the drive unit 120 in the 

second mode may be suitably set according to a size of the autonomous mobile apparatus 

100, a size of the docking station 200, a shape of the connection unit 111, and the like.  

For example, the predetermined distance may be equal to or greater than approximately 10 

mm and equal to or smaller than approximately 1000 mm, and desirably, equal to or 

greater than approximately 100 mm and equal to or smaller than approximately 500 mm.  

However, the present disclosure is not limited to these sizes. 

[0058] In the second mode, the processor 130 may perform compliance control of the 

drive unit 120 such that, with a force exerted on the main body 110, the connection unit 

111 is brought into contact with the docking unit 210.  Generally, when the connection 

unit 111 is brought into contact with the docking unit 210, the drive unit 120 is controlled 

with a high power output to bring the main body 110 into close contact with the docking 

station 200.  Regardless of an outside force acts that varies according to situations of the 

main body 110 and the docking station 200, the main body 110 is controlled to move at a 

predetermined speed.  For the present reason, there is a concern in the related art in that 

autonomous mobile apparatus 100 and the docking station 200 will collide with each 

other. 

[0059] In the autonomous mobile apparatus 100 according to an exemplary embodiment 

of the present disclosure, the processor 130 controls the drive unit 120 in the first mode so 

that the main body 110 moves in proximity to the docking station 200 so that the 

autonomous mobile apparatus 100 comes within the predetermined distance from the 

docking station 200.  Accordingly, the processor 130 controls the drive unit 120 through 

the compliance control for bringing the connection unit 111 into precise contact with the 

docking unit 210.  In the present manner, when brought into contact with the docking unit 

210, the connection unit 111 may be prevented from colliding with the docking unit 210. 
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[0060] FIG. 3A and FIG. 3B are views each illustrating a state where the autonomous 

mobile apparatus 100 according to the various exemplary embodiments are driven in the 

second mode. 

[0061] With reference to FIG. 3A and FIG. 3B, a plurality of connection units 111 may be 

provided, and a plurality of connectors 211 may be provided in the docking unit 210.  The 

connectors 211 correspond to the connection units 111, respectively.  When the 

autonomous mobile apparatus 100 makes contact with the docking unit 210, each of the 

connection unit 111 and each of the connector 211 may be arranged at opposite positions, 

respectively. 

[0062] The autonomous mobile apparatus 100 may move in a proximity to the docking 

unit 210, and then the connections 111 may be brought into contact with the corresponding 

connectors 211, respectively.  The processor 130 may control the drive unit 120 in the 

second mode so that all the connection units 111 are brought into contact with the 

connectors 211, respectively.  At the present point, the processor 130 may precisely 

control the drive unit 120 through the compliance control. 

[0063] Furthermore, the processor 130 may perform control to detect whether or not all 

the connect units 111 are brought into contact with the corresponding connector 211, 

respectively. 

[0064] FIG. 3A illustrates a case where all the connection units 111 are brought into 

contact with the corresponding connectors 211, respectively, and where the autonomous 

mobile apparatus 100 makes proper contact with the docking station 200.  When it is 

determined that the contact is properly made, the processor 130 may control the drive unit 

120 so that the connection unit 111 is connected to the connector 211.  For example, the 

processor 130 may control the drive unit 120 so that the main body 110 moves toward a 

direction in which the connector 211 is positioned so that at least one of the connection 

units 111 is inserted into the connector 211 and that the locking ball provided in the 

connector 211 physically fastens the connection unit 111 and the connector 211 to each 

other.  When the processor 130 controls the drive unit 120 so that the connection unit 111 

and the connector 211 are fastened to each other, the processor 130 may also control the 

drive unit 120 through the compliance control. 
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[0065] Furthermore, the autonomous mobile apparatus 100 according to the various 

exemplary embodiments of the present disclosure may measure a repulsive force that 

occurs due to physical coupling that results when the connection unit 111 is connected to 

the connector 211 and thus the main body 110 docks with the docking station 200. From 

the repulsive force that occurs when the autonomous mobile apparatus 100 docks with the 

docking station 200, the processor 130 may determine whether or not the docking is 

successfully performed. 

[0066] When the distance measurement detector 140 measures the repulsive force that 

occurs when the connection unit 111 and the connector 211 are connected to each other 

and measures the distance between the autonomous mobile apparatus 100 and the docking 

station 200 which is equal to or smaller than the predetermined distance, the processor 130 

may determine that the docking is successfully performed.  For example, when the 

distance measurement detector 140 measures the repulsive force and measures the distance 

between the autonomous mobile apparatus 100 and the docking station 200 which is zero, 

the processor 130 may determine that the docking is successfully performed. 

[0067] FIG. 3B illustrates a case where all the connection units 111 are not brought into 

contact with the corresponding connectors 211, respectively, and where the autonomous 

mobile apparatus 100 thus do not make proper contact with the docking station 200.  In 

other words, FIG. 3B illustrates a case where all the connection units 111 are not brought 

into contact with the connectors 211, respectively. 

[0068] When it is determined that the contact is not properly made, the processor 130 may 

perform control to detect the connection unit 111 which is not in contact with the 

corresponding connector 211, among the plurality of connection units 111. 

[0069] As an exemplary embodiment of the present disclosure, when the main body 110 

moves in a direction somewhat different from the direction of the docking unit 210, one or 

several connection units 111 may be brought into contact with one or several 

corresponding connectors 211, respectively, and the remaining connection units 111 may 

not be brought into contact with the corresponding connectors 211, respectively.  The 

processor 130 may perform control in such as manner as to detect the connector 111 which 

is not in contact with the connector 211.  In a reattempt for docking, the processor 130 

may control the drive unit 120 so that the connection unit 111 not in contact is brought 

into contact with the corresponding connector 211. 
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[0070] As an exemplary embodiment of the present disclosure, when the main body 110 

moves in a direction completely different from the direction of the docking unit 210, none 

of the connection units 111 may be brought into contact with the corresponding connectors 

211, respectively.  In the instant case, in a reattempt for docking, the processor 130 may 

perform control for separating the autonomous mobile apparatus 100 from the docking 

station 200. 

[0071] As yet another example, when the distance measurement detector 240 measures the 

repulsive force that occurs when the connection unit 111 and the connector 211 are 

connected to each other and measures the distance between the autonomous mobile 

apparatus 100 and the docking station 200 which is greater than the predetermined 

distance, the processor 130 may determine that the docking is improperly performed.  The 

present situation occurs when the connection unit 111 and the connector 211 are 

physically coupled to each other, but the autonomous mobile apparatus 100 does not dock 

with the docking unit 210 at a normal position thereon.  Therefore, although the repulsive 

force occurs due to the coupling of the connection unit 111 and the connector 211 to each 

other, the processor 130 may determine that the autonomous mobile apparatus 100 and the 

docking station 200 are spaced apart. 

[0072] With reference to FIG. 3B, the processor 130 may control the drive unit 120 

according to a position of the connection unit 111 which is not in contact with the 

corresponding connector 211, among the plurality of connection units 111.  In a reattempt 

for docking, through the compliance control, the processor 130 may control the drive unit 

120 so that the main body 110 moves inch by inch and that all the connection units 111 are 

thus brought into contact with the corresponding connectors 211, respectively. 

[0073] Furthermore, in a reattempt for docking, the processor 130 may control the drive 

unit 120 for a predetermined time period or a predetermined number of times.  For 

example, when one or several connections 111 are not in contact with the corresponding 

one or several connector 211, in a reattempt for docking, the processor 130 may control 

the drive unit 120 so that all the connection units 111 are brought into contact with the 

connectors 211, respectively, for the predetermined time period.  When the predetermined 

time period elapses, the processor 130 may control the drive unit 120 so that the docking is 

interrupted.  The predetermined time period or the predetermined number of times may be 
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set to be sufficient for the processor 130 to perform the compliance control of the drive 

unit 120 for the ducking. 

[0074] When the docking is interrupted, the processor 130 may transmit an audio warning 

or a visual warning and thus may alert the user that the docking is interrupted.  When a 

reattempt for docking is made of after the predetermined time period elapses or is made 

more than the predetermined number of times, the processor 130 may alert to the user that 

the autonomous mobile apparatus 100 needs to be checked for its docking state.  The 

autonomous mobile apparatus 100 and/or the docking station 200 may include a speaker 

outputting the audio warning and a display unit on which the visual warning is displayed. 

[0075] The processor 130 may control the drive unit 120 in the first mode and the second 

mode, and thus the autonomous mobile apparatus 100 according to the various exemplary 

embodiments which is described above may be connected to the docking station 200 

naturally and smoothly.  Therefore, the autonomous mobile apparatus 100 and the docking 

station 200 may be prevented from colliding with each other during the docking.  

Furthermore, under the control of the processor 130, the autonomous mobile apparatus 

100 may be prevented from being damaged during the docking.  The control by the 

processing 130 provides the advantage that there is no need to increase the strength of the 

main body 110 or change the design structure thereof. 

[0076] In an exemplary embodiment of the present disclosure, a coupling groove 410 is 

formed in an inner surface of the docking station 200 and a coupling protrusion 430 is 

formed in an outer surface of the main body 110 so that the coupling protrusion 430 of the 

main body 110 is selectively coupled to the coupling groove 410 of the docking station 

200.  

[0077] FIG. 4 is a view exemplarily illustrating a state where the autonomous mobile 

apparatus 100 docks with a docking station 200 according to various exemplary 

embodiments of the present disclosure. 

[0078] In the case of the docking station 200 according to the various exemplary 

embodiments illustrated in FIG. 4, instead of the autonomous mobile apparatus 100 

moving to the docking station 200 for autonomous docking, the docking station 200 

autonomously docks with the autonomous mobile apparatus 100 when the autonomous 

mobile apparatus 100 moves in proximity to the docking station 200.  In other words, 



                                                                      

 

17 

when the autonomous mobile apparatus 100 moves in proximity to the docking station 200 

so that the autonomous mobile apparatus 100 comes within a predetermined distance from 

the docking station 200, the docking station 200 may bring the docking unit 210 into 

contact with the connection unit 111.  A constituent element used when the docking 

station 200 according to the various exemplary embodiments are described below, when it 

is the same as when the autonomous mobile apparatus 100 according to the first element is 

described above, is provided the same reference numeral, and a detailed description 

thereof is omitted. 

[0079] With reference to FIG. 4, the docking station 200 according to the various 

exemplary embodiments of the present disclosure may include a docking unit 210, a 

moving device 220, a controller 230, and a distance detector 240.  The docking unit 210 is 

connected to the autonomous mobile apparatus 100.  The moving device 220 moves the 

docking unit 210.  The controller 230 controls operation of the moving device 220.  The 

distance detector 240 measures a distance between the autonomous mobile apparatus 100 

and the docking station 200. 

[0080] When docking starts, the autonomous mobile apparatus 100 moves in proximity to 

the docking station 200. 

[0081] The controller 230 may receive a signal associated with the distance between the 

autonomous mobile apparatus 100 and the docking station 200 from the distance detector 

240.  When a distance measured by the distance detector 240 is equal to or smaller than a 

predetermined distance, the controller 230 may control the moving device 220 so that the 

docking unit 210 is brought into contact with the connection unit 111. 

[0082] Any device or unit configured for adjusting a position of the docking unit 210 may 

be used as the moving device 220.  As an exemplary embodiment of the present 

disclosure, the moving device 220 may be a wheel configured for adjusting the position of 

the docking station 200, and the controller 230 may control the wheel so that the docking 

unit 210 is brought into contact with the connection unit 111.  As an exemplary 

embodiment of the present disclosure, the moving device 220 may be a robot arm 

connected to the docking unit 210, and the controller 230 may adjust a position of the 

robot art and thus may bring the docking unit 210 and the connection unit 111 to each 

other.  Furthermore, the controller 230 may perform compliance control of the moving 
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device 220 and thus may bring the docking unit 210 into contact with the connection unit 

111. 

[0083] The docking unit 210 may include a plurality of connectors 211, and a plurality of 

connection units 111 may be provided in the autonomous mobile apparatus 100.  The 

connection units 111 correspond to the connectors 211, respectively. 

[0084] The controller 230 may perform control to detect whether or not all the connectors 

211 are brought into contact with the corresponding connection units 111, respectively.  

When all the connectors 211 are brought into contact with the corresponding connection 

units 111, respectively, the controller 230 may determine that the docking unit 210 of the 

docking station 200 and the connection unit 111 of the autonomous mobile apparatus 100 

are brought into proper contact with each other.  When it is determined that the contact is 

successfully made, the controller 230 may connect the connector 211 to the connection 

unit 111. 

[0085] The docking station 200 according to the various exemplary embodiments of the 

present disclosure may measure a repulsive force of the autonomous mobile apparatus 100 

that pushes the docking unit 210 when the connector 211 is connected to the connection 

unit 111.  With the present measurement of the repulsive force, the docking station 200 

may determine whether or not the connector 211 and the connection unit 111 are 

successfully connected to each other. 

[0086] Furthermore, when all the connectors 211 are not connected to the corresponding 

connection units 111, respectively, the controller 230 may determine that the contact is not 

properly made.  In the instant case, the controller 230 may perform control to detect the 

connector 211 which is not in contact with the connector 111.  In a reattempt for docking, 

the controller 230 may control the moving device 220 so that the connector unit 211 not in 

contact is brought into contact with the corresponding connector 111.  At the present 

point, the controller 230 may control the moving device 220 through the compliance 

control. 

[0087] As described above, according to the various exemplary embodiments of the 

present disclosure, the autonomous mobile apparatus 100 docks with the docking station 

200, the autonomous mobile apparatus 100 or the docking station 200 may be controlled 

through the compliance control. 
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[0088] FIG. 5 is a flowchart for a method of controlling the autonomous mobile apparatus 

according to various exemplary embodiments of the present disclosure. 

[0089] In Step S510, the autonomous mobile apparatus 100 may start docking.  When a 

condition for starting the docking is satisfied, the autonomous mobile apparatus 100 may 

start the docking.  For example, an amount of charge remaining in a battery of the 

autonomous mobile apparatus 100 falls to or below a predetermined numerical value or an 

amount of load accommodated in the autonomous mobile apparatus 100 falls to or below a 

predetermined numerical value, the condition for starting the docking may be satisfied. 

[0090] In Step S520, the autonomous mobile apparatus 100 may be driven in a first mode 

for causing the autonomous mobile apparatus 100 to move to the docking unit 210 of the 

docking station 200.  When the docking starts, the autonomous mobile apparatus 100 may 

recognize the position of the docking unit 210 of docking station 200 and may move in a 

proximity to the docking unit 210. 

[0091] In Step S530, when the autonomous mobile apparatus 100 moves in proximity to 

the docking station 200 so that the autonomous mobile apparatus 100 comes within a 

predetermined distance from the docking station 200, the autonomous mobile apparatus 

100 may be driven in a second mode for bringing connection units 111 into contact with 

the docking unit 210.  For example, the autonomous mobile apparatus 100 may be driven 

in the first mode until the autonomous mobile apparatus 100 moves in proximity to the 

docking unit 210 so that a distance between the autonomous mobile apparatus 100 and the 

docking unit 210 is equal to or greater than approximately 100 mm and is equal to or 

smaller than approximately 500 mm.  After the autonomous mobile apparatus 100 moves 

in proximity to the docking unit 210 so that the autonomous mobile apparatus 100 comes 

within a predetermined distance from the docking unit 210, the autonomous mobile 

apparatus 100 may be driven in the second mode for bringing the connection units 111 

into contact with the corresponding connectors 211, respectively.  The second mode may 

be executed through the compliance control. 

[0092] In the second mode, the autonomous mobile apparatus 100 may detect whether or 

not all the connection units 111 are brought into contact with the corresponding connectors 

211, respectively.  Thus, the autonomous mobile apparatus 100 may whether or not the 

contact is properly made.  When all the connection units 111 are brought into contact with 

the corresponding connectors 211, respectively, the autonomous mobile apparatus 100 
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may determine that the contact is properly made at a proper position on the docking unit 

210. 

[0093] In the second mode, when all the connection units 111 are not brought into contact 

with the corresponding connectors 211, respectively, the autonomous mobile apparatus 

100 may determine that the contact is improperly made.  The autonomous mobile 

apparatus 100 may detect the connection unit 111 which is not in contact with the 

connector 211 and may move so that the connection unit 111 not in contact is brought into 

contact with the connector 211.  In the instant case, through the compliance control, the 

autonomous mobile apparatus 100 may bring all the connector units 111 into contact with 

the corresponding connectors 211, respectively. 

[0094] In Step S540, when it is determined that the connection unit 111 and the docking 

unit 210 are brought into proper contact with each other, the autonomous mobile apparatus 

100 may connect the connection unit 111 and the docking unit 210 to each other.  When 

all the connection units 111 are brought into contact with the docking unit 210, the 

autonomous mobile apparatus 100 may determine that the contact is properly made.  In the 

instant case, the autonomous mobile apparatus 100 may physically fasten the connection 

unit 111 and the docking unit 210 to each other. 

[0095] Furthermore, when all the connection units 111 are not brought into contact with 

the docking unit 210, the autonomous mobile apparatus 100 may detect the connection 

unit 111 which is not in contact with the docking unit 210 and may be driven so that the 

connection unit 111 not in contact is brought int contact with the docking unit 210.  In the 

instant case, through the compliance control, the autonomous mobile apparatus 100 may 

bring the connection unit 111 in contact with the docking unit 210. 

[0096] The aforementioned invention can also be embodied as computer readable codes 

on a computer readable recording medium.  The computer readable recording medium is 

any data storage device that can store data which may be thereafter read by a computer 

system and store and execute program instructions which may be thereafter read by a 

computer system.  Examples of the computer readable recording medium include Hard 

Disk Drive (HDD), solid state disk (SSD), silicon disk drive (SDD), read-only memory 

(ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy discs, optical 

data storage devices, etc and implementation as carrier waves (e.g., transmission over the 

Internet).  Examples of the program instruction include machine language code such as 
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those generated by a compiler, as well as high-level language code which may be executed 

by a computer using an interpreter or the like. 

[0097] In various exemplary embodiments of the present disclosure, each operation 

described above may be performed by a control device, and the control device may be 

configured by a plurality of control devices, or an integrated single control device.  

[0098] In various exemplary embodiments of the present disclosure, the control device 

may be implemented in a form of hardware or software, or may be implemented in a 

combination of hardware and software.   

[0099] Furthermore, the terms such as “unit”, “module”, etc.  Included in the specification 

mean units for processing at least one function or operation, which may be implemented 

by hardware, software, or a combination thereof. 

[00100] For convenience in explanation and accurate definition in the appended 

claims, the terms “upper”, “lower”, “inner”, “outer”, “up”, “down”, “upwards”, 

“downwards”, “front”, “rear”, “back”, “inside”, “outside”, “inwardly”, “outwardly”, 

“interior”, “exterior”, “internal”, “external”, “forwards”, and “backwards” are used to 

describe features of the exemplary embodiments with reference to the positions of such 

features as displayed in the figures.   It will be further understood that the term “connect” 

or its derivatives refer both to direct and indirect connection. 

[00101] The foregoing descriptions of specific exemplary embodiments of the 

present disclosure have been presented for purposes of illustration and description.  They 

are not intended to be exhaustive or to limit the present disclosure to the precise forms 

disclosed, and obviously many modifications and variations are possible in light of the 

above teachings.  The exemplary embodiments were chosen and described to explain 

certain principles of the present disclosure and their practical application, to enable others 

skilled in the art to make and utilize various exemplary embodiments of the present 

disclosure, as well as various alternatives and modifications thereof.  It is intended that the 

scope of the present disclosure be defined by the Claims appended hereto and their 

equivalents. 
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WHAT IS CLAIMED IS: 

1.  An autonomous mobile apparatus that autonomously docks with a docking 

station, the apparatus comprising: 

a main body including at least one connection unit configured to be connected to 

the docking station; 

a drive unit configured to move the main body; and 

a processor configured to control the drive unit, 

wherein the processor is configured to control operation of the drive unit in a first 

mode for causing the main body to move in proximity to the docking station and a second 

mode for bringing the connection unit into contact with a docking unit of the docking 

station. 

 

2.  The autonomous mobile apparatus of claim 1, wherein the processor is 

configured to control the drive unit in the first mode to move the main body so that a 

distance between the main body and the docking station is equal to or smaller than a 

predetermined distance. 

 

3.  The autonomous mobile apparatus of claim 1 or 2, further including: 

a distance measurement detector configured to measure the distance between the 

main body and the docking station, 

wherein the processor switches from controlling the drive unit in the first mode to 

controlling the drive unit in the second control based on the distance measured by the 

distance measurement detector. 

 

4.  The autonomous mobile apparatus of any one of claims 1 to 3, wherein in the 

second mode, the processor is configured to perform compliance control of the drive unit 

such that, with a force exerted on the main body, the connection unit is brought into 

contact with the docking unit. 

 

5.  The autonomous mobile apparatus of any one of claims 1 to 4,  

wherein the autonomous mobile apparatus further includes a plurality of 

connection units and a plurality of connectors that correspond to the corresponding 

connection units, respectively, is provided in the docking unit,  
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wherein the processor is configured to perform control to detect whether all the 

connection units are brought into contact with the connectors, respectively, and  

wherein when all the connection units are brought into contact with the 

corresponding connectors, respectively, the processor is configured to determine that the 

contact is properly made. 

 

6.  The autonomous mobile apparatus of claim 5, wherein when the processor 

concludes that the contact is properly made, the processor is configured to control the 

drive unit so that the connection unit and the connector is physically fastened to each 

other. 

 

7.  The autonomous mobile apparatus of claim 5 or 6, wherein when at least a 

connection unit is not brought into contact with the corresponding connector, respectively, 

the processor is configured to determine that the contact is improperly made, to perform 

control to detect the at least one connection unit which is not in contact among the 

connection units, and to control the drive unit so that the at least one connection unit not in 

contact is brought into contact with the corresponding connector. 

 

8.  The autonomous mobile apparatus of claim 7, wherein the processor is 

configured to control the drive unit for a predetermined time period or a predetermined 

number of times so that the connection units are brought into contact with the docking 

unit, and when the predetermined time period elapses or the predetermined number of time 

is exceeded, the processor is configured to control the drive unit so that the docking is 

interrupted. 

 

9.  The autonomous mobile apparatus of claim 6, wherein a coupling protrusion is 

formed in an outer surface of the main body so that the coupling protrusion of the main 

body is selectively coupled to a coupling groove of the docking station. 

 

10.  The autonomous mobile apparatus of any one of claims 1 to 9, wherein the 

processor is configured to measure a repulsive force that occurs due to physical coupling 

that results when the at least one connection unit is connected to a corresponding 

connector of the docking station and from the repulsive force, the processor is configured 
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to determine whether the docking is successfully performed. 

 

11.  A docking station with which an autonomous mobile apparatus docks, the 

docking station comprising: 

a docking unit configured to be connected to the autonomous mobile apparatus; 

a moving device configured to move the docking unit; and 

a controller configured to control the moving device, 

wherein when the autonomous mobile apparatus moves in proximity to the docking 

unit, the controller is configured to control operation of the moving device so that the 

docking unit is brought into contact with a connection unit of the autonomous mobile 

apparatus. 

 

12.  The docking station of claim 11, further including: 

a distance measurement detector configured to measure a distance between the 

autonomous mobile apparatus and the docking station, 

wherein the controller is configured to control the moving device so that the 

docking unit is brought into contact with the connection unit, based on the distance 

measured by the distance measurement detector. 

 

13.  The docking station of claim 11 or 12, wherein the controller is configured to 

perform compliance control of the moving device so that the docking unit is brought into 

contact with the connection unit. 

 

14.  The docking station of any one of claims 11 to 13,  

wherein the docking unit includes a plurality of connectors,  

wherein a plurality of connection units that correspond to the connectors, 

respectively, is provided in the autonomous mobile apparatus,  

wherein the controller is configured to perform control to detect whether all the 

connectors are brought into contact with the corresponding connection units, respectively, 

and  

wherein when all the connectors are brought into contact with the corresponding 

connection units, respectively, the controller is configured to determine that the contact is 

properly made. 
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15.  The docking station of claim 14, wherein when at least a connector is not 

brought into contact with the corresponding connection units, respectively, the controller 

is configured to determine that the contact is improperly made, to perform control to detect 

a connector which is not in contact among the connectors, and to control the moving 

device so that the connector not in contact is brought into contact with the corresponding 

connection unit. 

 

16.  A method of controlling an autonomous mobile apparatus that docks with a 

docking station, the method comprising: 

starting, by the autonomous mobile apparatus, docking; 

executing a first mode for causing the autonomous mobile apparatus to move to a 

docking unit of the docking station; 

executing a second mode for causing the autonomous mobile apparatus to bring a 

plurality of connection units into contact with a plurality of connectors, respectively, of the 

docking unit, when the autonomous mobile apparatus moves in proximity to the docking 

station so that the autonomous mobile apparatus comes within a predetermined distance; 

and 

connecting the connection unit and the docking unit to each other when it is 

determined that the connection unit is brought into proper contact with the docking unit. 

 

17.  The method of claim 16, wherein in the executing of the second mode, 

compliance control of the autonomous mobile apparatus is performed so that with a force 

exerted on the autonomous mobile apparatus, the connection unit is brought into contact 

with the docking unit. 

 

18.  The method of claim 16 or 17, wherein in the executing of the second mode, it 

is determined whether all the connection units are brought into contact with the 

corresponding connectors, respectively, and when all the connection units are brought into 

contact with the corresponding connectors, respectively, it is determined that the contact is 

properly made. 

 

19.  The method of any one of claims 16 to 18, wherein in the executing of the 
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second mode, when at least a connection unit is not brought into contact with the 

corresponding connectors, respectively, it is determined that the contact is improperly 

made, control is performed to detect the connection unit which is not in contact among the 

connection units, and the autonomous mobile apparatus is controlled so that the at least a 

connection unit not in contact is brought into contact with the corresponding connectors. 

 

20.  The method of any one of claims 16 to 19, wherein when a distance measured 

by a distance detector between the autonomous mobile apparatus and the docking station 

is equal to or smaller than a predetermined distance, a controller of the docking unit is 

configured to control a moving device of the docking unit so that the docking unit is 

brought into contact with the connection units of the autonomous mobile apparatus. 




