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TITLE 

AI MOBILE ROBOT FOR LEARNING OBSTACLE AND METHOD OF 

CONTROLLING THE SAME 

5 TECHNICAL FIELD 

The present disclosure relates to a mobile robot and a 

method of controlling the same, and more particularly, to a 

mobile robot for traveling a cleaning region, learning an 

obstacle, and performing cleaning to avoid an obstacle.  

BACKGROUND 

In general, a mobile robot is an apparatus for 

automatic cleaning by absorbing a foreign substance such as 

dust from a floor surface while autonomously traveling an 

5 area as a cleaning target without manipulation of a user.  

Such a mobile robot detects a distance to an obstacle 

such as furniture, office supplies, a wall, or the like, 

which is installed within a cleaning area and performs an 

obstacle avoidance operation.  

0 A mobile robot includes an obstacle detection device 

such as infrared rays or laser beams as a device for 

detecting an obstacle. The mobile robot may detect and 

avoid an obstacle within a predetermined distance based on a 

detection signal by a sensor such as infrared rays or laser 

5 beams.  
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When an obstacle is detected, if a path is immediately 

changed, the mobile robot may not be capable of cleaning a 

corresponding region, and thus, may change the path after 

approaching the obstacle to the maximum or colliding with 

5 the obstacle.  

However, when the mobile robot approaches the obstacle 

for cleaning and collides with the obstacle, there may be a 

problem in that a target object is damaged due to collision 

with the mobile robot. For example, there may be a problem 

J in that a pot on a table falls, the obstacle is damaged, or 

a position of the obstacle is changed.  

The mobile robot slips while colliding with the 

obstacle, and thus, there is a problem in that an error 

occurs between an actual position and a position determined 

5 by the mobile robot.  

Thus, it is required to recognize a type of an 

obstacle and to operate the mobile robot depending on the 

obstacle.  

Korean Patent Publication No. 10-2016-01575 discloses 

0 a robot cleaner for recognizing information such as the 

attributes of the obstacle using image information.  

Conventionally, in the case of a human foot, a separate 

recognition module is further configured to easily recognize 

the human foot. However, conventionally, an obstacle is 

5 recognized after the robot cleaner approaches the obstacle, 

2



and thus, there is a problem in that a response to the 

obstacle is actually delayed.  

In addition, the mobile robot is basically designed to 

travel to avoid an obstacle, but there is a limit in 

recognizing any type of an obstacle. Accordingly, traveling 

of the mobile robot is impeded, and seriously, the mobile 

robot is confined not to travel any longer.  

Thus, recently, test is performed through various 

experiments before a product is released, and thus, 

J information on an obstacle is previously learned. However, 

it is not possible to accumulate information on all 

obstacles through prior learning due to a restrictive test 

environment, and thus, a mobile robot has a limit in 

responding to an obstacle.  

SUMMARY 

In some embodiments, there is provided a mobile robot 

and a method of controlling the same for avoiding an 

obstacle various response motions and escaping from a 

0 dangerous situation by capturing an image while traveling, 

analyzing the feature of the obstacle through a plurality of 

captured images, and acquiring information on a new 

obstacle.  

According to the present disclosure, there is 

5 provided a mobile robot including a moveable body, an image 
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acquirer configured to capture an image in a traveling 

direction, an obstacle detection unit configured to detect 

an obstacle positioned at a side toward the traveling 

direction, and a controller configured to: store the image 

5 captured using the image acquirer as image data; set a 

plurality of response motions to be performed according to 

a predetermined type of a detection signal input from the 

obstacle detection unit; determine a response motion of 

the plurality of response motions, based on the detected 

D obstacle and image data stored prior to a time point at 

which the obstacle detection unit determines that the 

obstacle is positioned within a predetermined distance; 

select the response motion; and start the response motion 

at the time point.  

5 The controller may set a plurality of response 

motions to be performed according to a predetermined type 

of a detection signal input from the obstacle detection 

unit, and may select any one of the plurality of response 

motions based on the image data.  

0 The controller may determine whether the obstacle is 

positioned within a predetermined distance based on a 

distance from the obstacle, calculated through the detection 

signal.  

The controller may determine the obstacle based on 

5 image data captured in the same traveling direction as a 
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traveling direction of the body at a time point of 

determining that the obstacle is positioned at a 

predetermined distance.  

The mobile robot may transmit the image data to a 

5 terminal or a server and may receive information on the 

obstacle, included in the image data.  

According to the present disclosure, a mobile robot 

may include a moveable body, an image acquirer configured 

to capture an image in a traveling direction, an obstacle 

J detection unit configured to detect an obstacle positioned 

at a side toward the traveling direction, and a controller 

configured to determine whether the body is confined due to 

the obstacle in response to a traveling state, and to 

enable the mobile robot to escape from a confinement 

situation in response to information on the obstacle, 

acquired from the at least one image data captured prior 

to the time point of determining confinement.  

The mobile robot may include a controller configured 

to determine whether the body is confined due to the 

0 obstacle in response to a traveling state, may transmit the 

at least one image data captured before a time point of 

confinement to a server, may set a response motion to 

prevent the body from being confined in response to obstacle 

information received from the server, and may avoid the 

5 obstacle.  
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The present disclosure may include a mobile robot 

configured to analyze the image data based on the pre-stored 

obstacle information, to determine a type of the obstacle 

positioned at a side in a traveling direction, and to 

5 perform any one of a plurality of response motions on the 

obstacle at a time point at which the obstacle detection 

unit determines that the obstacle is positioned within a 

predetermined distance, and a server configured to analyze 

image data received from the mobile robot and to acquire 

D obstacle information.  

When a confinement situation occurs, the controller 

may transmit at least one image data captured prior to a 

predetermined time from a time point of determining 

confinement of the body or during traveling for a previous 

predetermined distance to the server.  

When the obstacle is an obstacle as a reason for 

confinement, the controller may perform any one of a 

plurality of response motions to avoid the obstacle.  

The controller may perform any one response motion to 

0 output warning for confinement among a plurality of 

response motions when the obstacle is included in a 

candidate for causing a confinement situation.  

The server may extract the feature of the obstacle as 

the reason for confinement of the mobile robot, may generate 

5 a recognition model for the obstacle, and may generate 
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obstacle information including a response motion for 

avoiding the obstacle or a response motion for escaping from 

a confinement situation.  

The server may set a candidate for causing confinement 

5 with respect to a different obstacle with a similar shape to 

the obstacle in response to the feature of the obstacle and 

may generate the obstacle information.  

According to the present disclosure, there is 

provided a method of controlling a mobile robot comprising, 

D while traveling, capturing an image in a traveling 

direction and storing image data, by an image acquirer; 

determining that an obstacle is positioned within a 

predetermined distance using an obstacle detection unit, 

determining a response motion, based on the determined 

5 obstacle and on the image data acquired prior to a time 

point at which it is determined that the obstacle is 

positioned within a predetermined distance; starting the 

response motion at the time point; and operating based on 

the response motion and traveling to avoid and pass the 

0 obstacle.  

According to the present disclosure, a method of 

controlling a mobile robot includes periodically capturing 

an image in a traveling direction and storing image data 

through an image acquirer while traveling, determining 

5 whether a body is confined due to the obstacle in response 
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to a traveling state, when determining that the body is 

confined, acquiring obstacle information from at least one 

image data captured prior to a time point of determining 

confinement, and escaping from a confinement situation in 

response to the obstacle information.  

The method may further include, when determining that 

the body is confined, transmitting at least one image data 

captured prior to a time point of confinement to a server, 

and setting a response motion to prevent the body from 

D being confinement of the body in response to obstacle 

information received from the server and to avoid the 

obstacle.  

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Some embodiments of the present disclosure are 

hereinafter described, by way of example only, with 

reference to the accompanying drawings, wherein: 

FIG. 1 is a perspective view of a mobile robot 

according to an exemplary embodiment of the present 

0 disclosure.  

FIG. 2 is a diagram showing a horizontal viewing angle 

of the mobile robot of FIG. 1.  

FIG. 3 is a front view of the mobile robot of FIG. 1.  

FIG. 4 is a diagram showing a bottom surface of the 

5 mobile robot of FIG. 1.  
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FIG. 5 is a schematic diagram of a mobile robot and a 

system for recognizing according to an embodiment of the 

present disclosure.  

FIG. 6 is a block diagram showing main components of 

5 the mobile robot of FIG. 1.  

FIGs. 7 and 8 are diagrams showing an example of 

driving of a mobile robot and an image captured while 

traveling according to the present disclosure.  

FIG. 9 is a diagram for explaining recognition of a 

J detection signal of an obstacle and recognition of the 

obstacle in a mobile robot according to an embodiment of the 

present disclosure.  

FIG. 10 is a diagram for explaining an operation of a 

mobile robot depending on a type of an obstacle according to 

5 an embodiment of the present disclosure.  

FIG. 11 is a diagram for explaining a mobile robot and 

a signal flow between devices for obstacle recognition 

according to an embodiment of the present disclosure.  

FIG. 12 is a flowchart for explaining detection of an 

0 obstacle and a response motion in a mobile robot according 

to an embodiment of the present disclosure.  

FIG. 13 is a flowchart for explaining recognition of 

an obstacle and a control method based thereon in a mobile 

robot according to a first embodiment of the present 

5 disclosure.  
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FIG. 14 is a diagram for explaining image transmission 

for recognition of an obstacle of a mobile robot according 

to a second embodiment of the present disclosure.  

FIG. 15 is a diagram for explaining a method of 

5 determining a confinement situation through an image of a 

mobile robot according to the second embodiment of the 

present disclosure.  

FIG. 16 is a diagram for explaining a method of 

controlling a mobile robot according to the second 

D embodiment of the present disclosure.  

FIG. 17 is a flowchart for explaining a method of 

determining error of a mobile robot according to the second 

embodiment of the present disclosure.  

5 DETAILED DESCRIPTION 

The attached drawings for illustrating exemplary 

embodiments of the present disclosure are referred to in 

order to gain a sufficient understanding of the present 

disclosure, the merits thereof, and the objectives 

0 accomplished by the implementation of the present disclosure.  

The disclosure may, however, be embodied in many different 

forms and should not be construed as being limited to the 

embodiments set forth herein, rather, these embodiments are 

provided so that this disclosure will be thorough and 

5 complete, and will fully convey the concept of the 
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disclosure to one of ordinary skill in the art. Meanwhile, 

the terminology used herein is for the purpose of describing 

particular embodiments and is not intended to limit the 

disclosure. Like reference numerals in the drawings denote 

5 like elements. A control component according to the present 

disclosure may include at least one processor.  

FIG. 1 is a perspective view of a mobile robot 

according to an exemplary embodiment of the present 

disclosure. FIG. 2 is a diagram showing a horizontal 

] viewing angle of the mobile robot of FIG. 1. FIG. 3 is a 

front view of the mobile robot of FIG. 1. FIG. 4 is a 

diagram showing a bottom surface of the mobile robot of FIG.  

1.  

Referring to FIGS. 1 to 4, a mobile robot 1 according 

5 to an exemplary embodiment of the present disclosure may be 

moved along a floor of a cleaning area, and may include a 

body 10 for absorbing foreign substances such as dust on the 

floor and an obstacle detection device disposed on a front 

surface of the body 10.  

0 The body 10 may include a casing 11 that forms an 

outer appearance and forms a space for accommodating therein 

components included in the body 10, an absorption unit 34 

that is disposed in the casing 11 and absorbs foreign 

substances such as dust or waste, and a left wheel 36(L) and 

5 a right wheel 36(R) that are rotatably installed in the 

11



casing 11. As the left wheel 36(L) and the right wheel 

36(R) are rotated, the body 10 may be moved along the floor 

of the cleaning area, and during this procedure, foreign 

substances may be absorbed through the absorption unit 34.  

5 The absorption unit 34 may include a an absorption fan 

(not shown) for generating absorption force, and an 

absorption inlet 10h for absorbing air current generated via 

rotation of an absorption fan. The absorption unit 34 may 

include a filter (not shown) for collecting foreign 

J substances in the air current absorbed through the 

absorption inlet 10h and a foreign substances collection 

container (not shown) in which foreign substances collected 

by the filter are accumulated.  

The body 10 may include a driving driver for driving 

5 the left wheel 36(L) and the right wheel 36(R). The driving 

driver may include at least driving motor. At least one 

driving motor may include a left wheel driving motor for 

rotation of the left wheel 36(L) and a right wheel driving 

motor for rotation of the right wheel 36(R).  

0 An operation of the left wheel driving motor and the 

right wheel driving motor may be independently controlled by 

a driving controller of a controller, and thus, the body 10 

may be moved forward, may be moved backward, or may turn.  

For example, when the body 10 is moved forward, the left 

5 wheel driving motor and the right wheel driving motor may be 
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rotated in the same direction, but when the left wheel 

driving motor and the right wheel driving motor are rotated 

at different speeds or are rotated in different directions, 

a driving direction of the body 10 may be changed. The body 

5 10 may further include at least one auxiliary wheel 37 for 

stably supporting the body 10.  

The body 10 may further include a plurality of brushes 

35 that is positioned at a front side of a bottom surface 

unit of the casing 11 and has brushes including a plurality 

J of wings that radially extend. Through rotation of the 

plurality of brushes 35, dusts may be removed from a floor 

of a cleaning area, and the dusts collected from the floor 

may be absorbed through the absorption inlet 10h and may be 

collected in a collection container.  

The body 10 may further include a control panel that 

is disposed on an upper surface of the casing 11 and 

receives various commands for control of the mobile robot 1 

from a user.  

As shown in FIG. 1A, the detection device may include 

0 a sensing unit 150 for detecting an obstacle using a 

plurality of sensors and an image acquirer 170 for capturing 

an image.  

As shown in FIG. 1B, the detection device may be 

disposed on a front surface of the body 10 and may include 

5 an obstacle detector 100 for detecting an obstacle and the 
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image acquirer 170 for capturing an image. The obstacle 

detector 100 may detect an obstacle through an image 

captured by emitting an optical pattern. The obstacle 

detector 100 may include a pattern acquirer 140 and may also 

5 include the sensing unit 150.  

The image acquirer 170 may be configured to face 

forward and to photograph a side toward a traveling 

direction or, as necessary, may be configured to face a 

ceiling. When two image acquirers are configured, the image 

J acquirers may be installed on a front surface and an upper 

end portion of the body to capture images of a front side 

and a ceiling, respectively.  

The obstacle detector 100 may be disposed on a front 

surface of the body 10.  

5 The obstacle detector 100 may be fixed to the front 

surface of the casing 11 and may include a first pattern 

emission unit 120, a second pattern emission unit 130, and 

the pattern acquirer 140. In this case, the pattern 

acquirer 140 may be disposed below the pattern emission 

0 units or may be disposed between the first and second 

pattern emission units as shown in the drawing.  

An emission angle Oh indicated in FIG. 2 may indicate 

a horizontal emission angle of first pattern beam P1 emitted 

from the first pattern emission unit 120, may indicate an 

5 angle between the first pattern emission unit 120 and 
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opposite ends of a horizontal line, and may be determined in 

a range of 130° to 140°, but the present disclosure is not 

limited thereto. A dotted line indicated in FIG. 2 is 

directed toward a front side of the mobile robot 1, and the 

5 first pattern beam P1 may be configured to be symmetric with 

the dotted line.  

The body 10 may include a rechargeable battery 38, and 

a charging terminal 33 of the battery 38 may be connected to 

a commercial power source (e.g., a power socket in the home) 

J or the body 10 may be docked on the separate charging stand 

400 connected to the commercial power source and may be 

connected to the commercial power source to recharge the 

battery 38. Electrical components included in the mobile 

robot 1 may receive power from the battery 38, and 

5 accordingly, when the battery 38 is recharged, the mobile 

robot 1 may autonomously drive in a state in which the 

mobile robot 1 is electrically separated from the commercial 

power source.  

FIG. 5 is a schematic diagram of a mobile robot and a 

0 system for recognizing according to an embodiment of the 

present disclosure.  

The mobile robot 1 may receive a cleaning command with 

respect to a predetermined cleaning region of a traveling 

region H and may perform cleaning. The mobile robot 1 may 

15



analyze an image captured while traveling and may determine 

a type of an obstacle.  

The mobile robot 1 may detect a plurality of obstacles 

2 and 3 present in the traveling region H to recognize an 

5 obstacle and may perform any one of approaching, passing, 

and avoiding operations depending on a type of the obstacle.  

In this case, the mobile robot 1 may avoid an obstacle 

rather than approaching the obstacle, may approach the 

obstacle at a predetermined distance and may then preform a 

J predetermined operation, may approach the obstacle and may 

then avoid the obstacle, or may pass through the obstacle 

depending on a shape of the obstacle.  

The mobile robot 1 may photograph a side toward a 

traveling direction through the image acquirer 170 included 

5 in the mobile robots while traveling and may detect an 

obstacle positioned within a predetermined distance through 

the obstacle detector 100. The mobile robot 1 may 

continuously photograph a side toward a traveling direction 

through the image acquirer 170 or may capture an image at a 

0 predetermined interval according to setting.  

The mobile robot 1 may store an image captured while 

traveling, and when detecting an obstacle through the 

obstacle detector 100, the mobile robot 1 may select 

performable response motions corresponding thereto, and may 

5 then determine and perform a response motion corresponding 
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to the obstacle depending on the obstacle, in particular, 

depending on a type of the obstacle that is determined 

through image analysis.  

Even if the same detection signal is input with 

respect to different obstacles, the mobile robot 1 may 

analyze an obstacle based on a captured image, may set a 

response motion corresponding to the obstacle, and 

accordingly, may perform an operation corresponding thereto.  

When capturing an image, the mobile robot 1 may 

D analyze the image at a predetermined interval and may 

recognize an obstacle included in the image, and when the 

obstacle detector 100 detects the obstacle to be positioned 

within a predetermined distance, the mobile robot 1 may 

perform an operation corresponding to the response motion 

5 based on the predetermined type of the obstacle.  

For example, when the determined obstacle is a 

dangerous obstacle, the mobile robot 1 may avoid the 

obstacle rather than approaching the obstacle, and when the 

determined obstacle is a general obstacle, the mobile robot 

0 1 may approach the obstacle at a close distance or may 

collide with the obstacle and may then avoid the obstacle.  

The mobile robot 1 may determine a type of an obstacle 

based on data stored therein and may be connected to a 

server 90 or a terminal 80 and may determine the type of the 

5 obstacle. The mobile robot 1 may be connected to a separate 
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communication device (not shown) in order to communicate 

with the server 90 through a network N.  

The mobile robot 1 may filter each image data with 

respect to an image captured while traveling and may 

5 transmit the image data to a server or the terminal at a 

predetermined interval to make a request for obstacle 

information, and thus, may receive the obstacle information 

included in the image data from the server or the terminal.  

When the obstacle detector 100 determines the obstacle to be 

D positioned within a predetermined distance, the mobile robot 

1 may immediately check the obstacle through the image data.  

The terminal 80 may include an application for 

controlling the mobile robot 1, may display a map of a 

traveling zone to be cleaned by the mobile robot 1 by 

5 executing the application, and may determine a specific 

region to make the mobile robot 1 clean the region on the 

map. The terminal 80 may display a position of the mobile 

robot based on data received from the mobile robot and may 

display information on a cleaning state.  

0 The terminal may be a device that includes a 

communication module installed therein, is connected to a 

network, and has a program for controlling the mobile robot 

or an application for controlling the mobile robot installed 

therein, and may be, a computer, a laptop, a smart phone, a 
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PDA, or a tablet PC. In addition, the terminal may also be 

a wearable device such as a smart watch.  

The terminal 80 may be connected to the mobile robot 

through a network established in a home. The terminal and 

5 the mobile robot may be connected using WIFI and may also 

communicate with each other using a short distance wireless 

communication method such as Bluetooth, infrared ray 

communication, or Zigbee. It may be noted that a 

communication of the terminal and the mobile robot is not 

J limited thereto.  

The terminal 80 may determine a type of an obstacle in 

response to an image received from the mobile robot 1. The 

terminal 80 may determine the type of the obstacle based on 

pre-stored data or may be connected to a server to determine 

5 the type of the obstacle. For example, when it is not 

possible to connect the mobile robot 1 to the server via 

connection with a network, the terminal 80 may receive data 

of the mobile robot and may transmit the data to the server.  

The terminal 80 may display an image on a screen, may 

0 input a type of an obstacle through user input, may transmit 

the input information to the mobile robot, and may determine 

an operation of a specific obstacle through a menu of an 

application.  

The server 90 may analyze image data received from the 

5 mobile robot 1 connected thereto through a predetermined 
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network N, may determine a type of an obstacle, and may 

transmit a response thereto to the mobile robot 1. When 

there is a request from the terminal, the server 90 may 

determine the type of the obstacle and may respond to the 

5 request.  

The server 90 may accumulate image data received from 

the plurality of mobile robots 1, may analyze the plurality 

of image data, and may learn the obstacle.  

The server 90 may include a database (not shown) for 

J recognizing an obstacle based on the plurality of image data, 

and may recognize the feature of the obstacle, extracted 

from the image data, and may determine a type of the 

obstacle.  

The server 90 may accumulate image data received from 

5 the plurality of mobile robots 1, may analyze the plurality 

of image data, and may learn the obstacle.  

The server 90 may include a database (not shown) for 

recognizing an obstacle based on the plurality of image data, 

and may recognize the feature of the obstacle, extracted 

0 from the image data, and may determine a type of the 

obstacle.  

The server 90 may accumulate and store obstacle 

information, may analyze the obstacle information, and may 

determine a type of the obstacle. The server 90 may 

5 classify the obstacle depending on a type thereof, and may 
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set an operation of the mobile robot 1 with respect to the 

obstacle as at least one response motion.  

The server 90 may analyze new obstacle information and 

may update pre-stored obstacle informant. The server 90 may 

receive and store information on an operation of the mobile 

robot with respect to an obstacle, which is set or changed 

by the terminal 80, may match the information with the pre

stored obstacle information, and may update setting of an 

operation of the mobile robot with respect to the obstacle.  

] FIG. 6 is a block diagram showing main components of 

the mobile robot of FIG. 1.  

As shown in FIG. 6, the mobile robot 1 may include the 

obstacle detector 100, the image acquirer 170, a cleaner 260, 

a traveling unit 250, a data unit 180, an output unit 190, a 

5 manipulator 160, a communicator 280, and a controller 110 

for controlling an overall operation.  

The manipulator 160 may include at least one button, a 

switch, and a touch input device, and may receive on/off or 

various commands required for an overall operation of the 

0 mobile robot 1 and may input the commands to the controller 

110.  

The output unit 190 may include a display such as an 

LED or an LCD and may display an operation mode, reservation 

information, a battery state, an operation state, an error 

5 state, or the like. The output unit 190 may include a 
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speaker or a buzzer and may output a predetermined sound 

effect, a warning horn, or voice guidance corresponding to 

an operation mode, reservation information, a battery state, 

an operation state, or an error state.  

The communicator 280 may communicate with the terminal 

80 using a wireless communication method. The communicator 

280 may be connected to the Internet and may communicate 

with the external server 90 through a network in a home.  

The communicator 280 may transmit a generated map to 

D the terminal 80, may receive a cleaning command from the 

terminal, and may transmit data of an operation state and a 

cleaning state of the mobile robot to the terminal. The 

communicator 280 may transmit and receive data using a 

communication module such as WiFi or Wibro as well as short 

5 distance wireless communication such as Zigbee or Bluetooth.  

The communicator 280 may transmit information on an 

obstacle detected from the obstacle detector 100 to the 

server 90 through the communicator 280 and may receive data 

of the obstacle from the server. The communicator 280 may 

0 receive information on an obstacle present in a traveling 

zone and operation information based thereon from the 

terminal 80 and may transmit operation data of the mobile 

robot to the terminal 80.  

The traveling unit 250 may include at least one 

5 driving motor and may enable the mobile robot to travel 
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according to a control command of a traveling controller 113.  

As described above, the traveling unit 250 may include a 

left wheel driving motor for rotating the left wheel 36(L) 

and a right wheel driving motor for rotating the right wheel 

5 36(R).  

The cleaner 260 may operate a brush to make a current 

state to a state in which dusts or foreign substances around 

the mobile robot are easily absorbed and may operate an 

absorption device to absorb dusts or foreign substances.  

D The cleaner 260 may control an operation of an absorption 

fan included in the absorption unit 34 for absorbing a 

foreign substance such as dusts or wastes to inject dusts to 

a foreign substances collection container (dust container) 

through an absorption inlet.  

5 The cleaner 260 may further include a mop cleaner (not 

shown) that is installed behind a bottom surface of the body 

to contact the floor and is configured to damp mop the floor, 

and a water bottle (not shown) configured to supply water to 

the mop cleaner.  

0 A battery (not shown) may supply power required for an 

overall operation of the mobile robot 1 as well as the 

driving motor. When the battery is discharged, the mobile 

robot 1 may travel to return to a charging stand 400 for 

charging, and while traveling to return, the mobile robot 1 

5 may autonomously detect a position of the charging stand.  
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The charging stand 400 may include a signal transmitter (not 

shown) for transmitting a predetermined return signal. The 

return signal may be an ultrasonic signal or an infrared 

(IR) signal, but is not limited thereto.  

5 The data unit 180 may store a detection signal input 

from the obstacle detector 100 or the sensing unit 150, may 

store reference data for determining an obstacle, and may 

store obstacle information on the detected obstacle.  

The data unit 180 may store obstacle data 181 for 

J determining a type of an obstacle, image data 182 for 

storing a captured image, and map data 183 of a region. The 

map data 183 may include obstacle information, and may store 

a basic map of a region which is searched by the mobile 

robot and in which the mobile robot is capable of traveling, 

5 a cleaning map formed by dividing the basic map into regions, 

a user map generated by organizing shapes of regions of the 

cleaning map to make a user check the same, and a guide map 

displayed by overlapping the cleaning map and the user map 

with each other.  

0 The obstacle data 181 may be data for recognizing an 

obstacle and determining a type of the obstacle and may 

include information on an operation of a mobile robot with 

respect to the recognized obstacle, for example, motion 

information on a traveling speed, a traveling direction, 

5 whether a mobile robot avoids the obstacle, whether the 
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mobile robot stops, or the like, and may include data of a 

sound effect, a warning horn, and voice guidance output 

through a speaker 173. The image data 182 may include a 

captured image and recognition information for obstacle 

recognition received from the server.  

The data unit 180 may store control data for 

controlling an operation of the mobile robot, data of a 

cleaning mode of the mobile robot, and a detection signal of 

ultrasonic wave/laser or the like of the sensing unit 150.  

D The data unit 180 may store data to be read by a 

microprocessor and may include a hard disk drive (HDD), a 

solid state disk (SSD), a silicon disk drive (SDD), ROM, RAM, 

CD-ROM, a magnetic tape, a floppy disk, or an optical data 

storage device.  

5 The obstacle detector 100 may include the first 

pattern emission unit 120, the second pattern emission unit 

130, and the pattern acquirer 140. As described above with 

reference to FIG. 1A, when the pattern emission unit is not 

included, an obstacle may be detected from an image captured 

0 by an image acquirer without an emitted pattern.  

The obstacle detector 100 may include a plurality of 

image acquirers. When the obstacle detector 100 includes a 

pattern emission unit, the obstacle detector 100 may further 

include an image acquirer for capturing an image including a 

25



pattern and a separate image acquirer for photographing a 

side in a traveling direction or a forward upper side.  

The obstacle detector 100 may include the first 

pattern emission unit 120, the second pattern emission unit 

5 130, and the pattern acquirer 140. The obstacle detector 

100 may include the sensing unit 150 included in at least 

one sensor. As necessary, the obstacle detector 100 may 

include a sensor.  

As described above, the obstacle detector 100 may be 

D installed on a front surface of the body 10, may emit the 

first and second pattern beam P1 and P2 to a front side of 

the mobile robot, and may photograph emitted pattern beam to 

acquire an image including the pattern. The obstacle 

detector 100 may input the acquired image to the controller 

5 110 as the obstacle detection signal.  

The first and second pattern emission units 120 and 

130 of the obstacle detector 100 may include a light source 

and an optical pattern projection element (OPPE) for 

generating a predetermined pattern by projecting light 

0 emitted from the light source. The light source may be a 

laser diode (LD), a light emitting diode (LED), or the like.  

The LD may be capable of precisely measuring a distance due 

to excellent monochromaticity, straight characteristics, and 

interface characteristics compared with other light sources, 

5 and in particular, infrared rays or visible rays have a 
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problem in that a large deviation occurs in accuracy in 

measuring a distance for the reason such as color or 

material of a target object, and thus, the LD may be used as 

a light source. An optical pattern projection element 

(OPPE) may include a lens or a diffractive optical element 

(DOE). Beams with various patterns may be emitted depending 

on a configuration of an OPPE included in each of the 

pattern emission units 120 and 130.  

The pattern acquirer 140 may acquire an image of a 

J front side of the body 10. In particular, the pattern beams 

P1 and P2 may be indicated in an image (hereinafter, an 

acquired image) acquired by the pattern acquirer 140, and 

hereinafter, an image of the pattern beams P1 and P2 

indicated on the acquired image may be referred to as a 

5 light pattern, and the light pattern is an image formed by 

focusing the pattern beams P1 and P2 that is substantially 

incident on an actual space on an image sensor, and thus, 

reference numerals such as the pattern beams P1 and P2 are 

denoted, and images corresponding to the first pattern beam 

0 P1 and the second light pattern P2, respectively, may be 

referred to as the first light pattern P1 and the second 

light pattern P2, respectively.  

When the pattern emission unit is not included, the 

pattern acquirer 140 may acquire an image of a front side of 

5 the body, which does not include a pattern beam.  
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The pattern acquirer 140 may include a camera for 

converting an image of a subject into an electric signal, 

re-changing the electric signal to a digital signal, and 

then recording the digital signal in a memory device. The 

5 camera may include an image sensor (e.g., a CMOS image 

sensor) including at least one optical lens and a plurality 

of didoes (photodiodes, e.g., pixels) for forming an image 

by light passing through the optical lens, and a digital 

signal processor (DSP) for configuring an image based on a 

] signal output from the photodiodes. The DSP may generate a 

video image including frames including a still image as well 

as a still image.  

The image sensor may be a device for converting an 

optical image into an electric signal and may include a chip 

5 having a plurality of optical diodes integrated thereon, and 

the optical diode may be, for example, a pixel. Electric 

charges may be accumulated on each pixel according to an 

image formed on a chip by light passing through the lens, 

and the electric charges accumulated on the pixel may be 

0 converted into an electric signal (e.g., a voltage). A 

charge coupled device (CCD), a complementary metal oxide 

semiconductor (CMOS), or the like has been well known as an 

image sensor.  

An image processor may generate a digital image based 

5 on an analog signal output from an image sensor. The image 
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processor may include an AD converter for converting an 

analog signal into a digital signal, a buffer memory for 

temporally recording digital data according to the digital 

signal output from the AD converter, and a digital signal 

processor (DSP) for processing the information recorded in 

the buffer memory to configure a digital image.  

The obstacle detector 100 may analyze a pattern 

through the acquired image and may detect an obstacle 

depending on a shape of the pattern, and the sensing unit 

J 150 may detect an obstacle positioned at a detection 

distance of each sensor through a sensor.  

The sensing unit 150 may include a plurality of 

sensors to detect an obstacle. The sensing unit 150 may 

detect a front side of the body 10, that is, an obstacle in 

5 a traveling direction using at least one of a laser beam, an 

ultrasonic wave, or infrared rays. The sensing unit 150 may 

further include a cliff detection sensor for detecting 

whether a cliff is present on the floor in a traveling zone.  

When a transmitted signal is reflected and input to the 

0 sensing unit 150, the sensing unit 150 may input information 

on whether an obstacle is present or information on a 

distance to the obstacle to the controller 110 as an 

obstacle detection signal.  

When the mobile robot is operated, the image acquirer 

5 170 may capture continuous images. The image acquirer 170 
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may capture an image with a predetermined period. The image 

acquirer 170 may capture an image even in a traveling or 

cleaning state in which an obstacle is not detected by the 

obstacle detector 100.  

For example, after the image acquirer 170 performs 

photography once, when the mobile robot is moved in a 

traveling direction, the size of a photographed obstacle is 

just changed in an image captured once while the traveling 

direction is maintained rather than being changed, and thus, 

J the image may be periodically captured. The image acquirer 

170 may capture an image in units of predetermined time or 

predetermined distance. The image acquirer 170 may capture 

a new image while the traveling direction is changed.  

The image acquirer 170 may set a photography period 

5 depending on a moving speed of the mobile robot. The image 

acquirer 170 may set the photography period in consideration 

of a detection distance of the sensor unit and the moving 

speed of the mobile robot.  

The image acquirer 170 may store an image captured 

0 while the body travels in the data unit 180 as the image 

data 182.  

The obstacle detector 100 may detect an obstacle 

positioned in a path in a traveling direction and may input 

to the detection signal to a controller. The obstacle 

5 detector 100 may input information on a position of the 
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detected obstacle or information on movement thereof to the 

controller 110. The pattern acquirer 140 may include an 

image including the pattern emitted by the pattern emission 

unit to the controller as a detection signal, and the 

5 sensing unit 150 may input a detection signal of an obstacle 

detected by a sensor to the controller.  

The controller 110 may control the traveling unit 250 

to allow the mobile robot to travel in a traveling zone 

determined in the traveling region H.  

J While traveling, the controller 110 may control the 

traveling unit 250 and the cleaner 260 to absorb dusts or 

foreign substances around the mobile robot, and thus, may 

perform cleaning in the traveling zone. Thus, the cleaner 

260 may operate a brush to make a current state to a state 

5 in which dusts or foreign substances around the mobile robot 

are easily absorbed and may operate an absorption device to 

absorb dusts or foreign substances. The controller 110 may 

control the cleaner to absorb foreign substance and to 

perform cleaning while traveling.  

0 The controller 110 may check charge capacity of a 

battery and may determine a time of returning to a charging 

stand. When the charging capacity is reached to a 

predetermined value, the controller 110 may stop a performed 

operation, and may start searching for the charging stand in 

5 order to return to the charging stand. The controller 110 
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may output notification of the charge capacity of the 

battery and notification of return to the charging stand.  

The controller 110 may set an operation mode of the 

mobile robot by processing input data according to 

5 manipulation of the manipulator 160, may output an operation 

state through the output unit 190, and may output a warning 

horn, sound effect, or voice guidance based on detection of 

an operation state, an error state, or an obstacle through a 

speaker.  

J The controller 110 may recognize an obstacle detected 

by the image acquirer 170 or the obstacle detector 100 and 

may set and perform any one of a plurality of response 

motions, which corresponds to the obstacle.  

The controller 110 may determine the obstacle from an 

5 image captured by the image acquirer 170, and when the 

obstacle detector 100 detects the obstacle to be positioned 

within a predetermined distance, the controller may set and 

operate the response motion with respect to the obstacle.  

Before the obstacle detector 100 detects the obstacle, 

0 the controller 110 may analyze an image captured through the 

image acquirer 170, i.e., image data and may determine an 

obstacle included in the image data. The controller 110 may 

determine an obstacle through data contained therein, may 

also transmit image data to a server or a terminal through a 

5 communicator and may determine a type of the obstacle.  
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When the obstacle detector 100 detects the obstacle to 

be positioned within a predetermined distance after an image 

is captured, if a sensor unit for setting a response motion 

depending on a type of a corresponding obstacle detects the 

5 corresponding obstacle based on a detection signal, the 

controller 110 may make the body perform a determined 

operation depending on a type of pre-recognized obstacle.  

The controller 110 may perform an operation 

corresponding to an obstacle when the obstacle is detected 

D depending on a detection distance of an obstacle detection 

unit, and even if the obstacle is detected by the obstacle 

detection unit, when the obstacle is positioned within a 

predetermined distance, an operation corresponding to the 

obstacle may be performed.  

5 For example, when a distance at which an obstacle is 

initially detected from a detection signal by a pattern 

acquirer and a distance at which the obstacle is detected by 

an ultrasonic sensor, a time of inputting a detection signal 

with respect to an obstacle may be changed. Thus, when 

0 there is a plurality of elements for detecting an obstacle 

or a distance for detecting an obstacle is equal to or 

greater than a predetermined distance like in a laser sensor, 

the controller 110 may perform any one of a plurality of 

response motions based on a distance to an obstacle detected 

33



by the obstacle detector 100 when the obstacle is positioned 

at a predetermined distance, for example, 30 cm.  

The controller 110 may determine performable response 

motions among a plurality of response motions depending on a 

5 shape of a detection signal based on a detection signal with 

respect to an obstacle, may analyze image data to recognize 

an obstacle included in the image, and accordingly, may 

select any one of the response motion to control an 

operation of the body.  

D For example, when the detection signal corresponds to 

an image included in a pattern, the controller may determine 

an obstacle based on different detection signals depending 

on a shape of a pattern and may identify the obstacle 

according to a detection signal, that is, the shape of the 

5 pattern.  

When recognizing an obstacle through an image, the 

controller 110 may determine the obstacle with respect to 

the captured with a predetermined period before the obstacle 

detection unit inputs a detection signal or at a time when 

0 an obstacle detection signal is input. As necessary, the 

controller 110 may transmit data to the server 90 or the 

terminal 80 and may receive data on an obstacle.  

For example, when the controller 110 inputs the same 

detection signal with respect to different obstacles, 

5 thresholds, fans, or tables, the controller 110 may select a 
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plurality of performable response motions with respect to 

the corresponding detection signal, set respective response 

motions with respect to thresholds, fans, or tables and may 

control an operation through image data.  

5 The controller 110 may include an obstacle recognition 

unit 111, a map generator 112, and the traveling controller 

113.  

When an initial operation is performed or a map of a 

cleaning region is not stored, the map generator 112 may 

J generate a map of a cleaning region based on obstacle 

information while the mobile robot travels in the cleaning 

region. The map generator 112 may generate a pre-generated 

map based on the obstacle information acquired while 

traveling.  

5 The map generator 112 may generate a basic map based 

on information acquired from the obstacle recognition unit 

111 while traveling and may generate a cleaning map by 

dividing the basic map into regions. The map generator 112 

may generate the user map and the guide map by organizing 

0 regions of the cleaning maps and setting the attributes of 

the region. The basic map may be a map that indicates a 

shape of a cleaning region acquired through traveling using 

an outline thereof and the cleaning map may be a map formed 

by dividing the basic map into regions. The basic map and 

5 the cleaning map may information on a region in which the 
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mobile robot is capable of traveling and obstacle 

information. The user map may be a map formed by 

simplifying regions of the cleaning map, organizing and 

processing shapes of outlines of the regions, and adding a 

5 visual effect. The guide map may be a map obtained by 

overlapping the cleaning map and the user map with each 

other. The guide map indicates the cleaning map, and thus, 

a cleaning command may be input based on a region in which 

the mobile robot actually travels.  

] After generating the basic map, the map generator 112 

may generate a map by dividing a cleaning region into a 

plurality of regions, adding a connection path for 

connecting the plurality of regions to the map, and adding 

information on an obstacle in each region to the map. The 

5 map generator 112 may generate a map in which regions are 

separated by dividing the region on the map into sub-regions 

to set a representative region, setting the divided sub

regions as separate detailed regions, and merging the 

detailed regions to the representative region.  

0 The map generator 112 may process shapes of regions 

with respect to the separated regions. The map generator 

112 may set the attributes of the separated regions, and may 

process the shapes of the regions depending on the 

attributes of the regions.  
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The obstacle recognition unit 111 may determine an 

obstacle through input from the image acquirer 170 or the 

obstacle detector 100, and the map generator 112 may 

generate a map of a traveling zone and may add information 

5 on the detected obstacle to the map. The traveling 

controller 113 may control the traveling unit 250 to change 

a moving direction or a traveling path in response to the 

obstacle information or to travel to pass through the 

obstacle or avoid the obstacle.  

J The traveling controller 113 may control the traveling 

unit 250 to independently operate a left wheel driving motor 

and a right wheel driving motor, and thus, the body 10 may 

travel to go straight or to turn. The traveling controller 

113 may control the traveling unit 250 and the cleaner 260 

5 depending on a cleaning command and may absorb a foreign 

substance to perform cleaning while the body 10 travels in 

the cleaning region.  

The obstacle recognition unit 111 may analyze data 

input from the obstacle detector 100 and may determine an 

0 obstacle. The obstacle recognition unit 111 may calculate a 

distance of the obstacle or a distance to the obstacle 

according to a detection signal of the obstacle detection 

unit, for example, a signal of an ultrasonic wave or a laser 

beam, may analyze an acquired image including a pattern to 

5 extract the pattern, and may determine the obstacle. When 
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an ultrasonic wave or infrared ray signal is used, a shape 

of a received ultrasonic wave and a time of receiving the 

ultrasonic wave are changed depending on a distance of the 

obstacle or a position of the obstacle, the obstacle 

recognition unit 111 may determine an obstacle based thereon.  

When the image acquirer 170 inputs image data obtained 

by photographing an obstacle, the obstacle recognition unit 

111 may store the image data in the data unit 180. The 

image acquirer 170 may photograph a front obstacle a 

J plurality of number of times, and thus, a plurality of image 

data may also be stored. When the image acquirer 170 

continuously captures an image in a traveling direction, the 

obstacle recognition unit 111 may store an input video image 

as image data or may divide the video image in frame units 

5 and may store the video image as image data.  

The obstacle recognition unit 111 may analyze a video 

image in frame units, may remove an unnecessary frame, that 

is, a frame in which a target object shakes, an unfocused 

frame, or an empty frame (a frame in which an obstacle is 

0 not photographed), and may store a frame as image data in 

predetermined time units.  

The obstacle recognition unit 111 may analyze a 

plurality of image data and may determine whether a 

photographed target object, that is, an obstacle is 

5 recognized. In this case, the obstacle recognition unit 111 
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may analyze image data and may determine whether image data 

is recognizable. For example, the obstacle recognition unit 

111 may separate and discard a shaking image, an unfocused 

image, or an image in which an obstacle is identified due to 

5 darkness.  

The obstacle recognition unit 111 may analyze image 

data to extract the feature of the obstacle and may 

determine based on the shape, size, and color of an obstacle 

to determine a position of the obstacle.  

J The obstacle recognition unit 111 may analyze an 

obstacle from a plurality of pre-captured images, and may 

analyze an image captured prior to a predetermined time 

based on a time of determining the obstacle to be positioned 

at a predetermined distance to determine the obstacle upon 

receiving a detection signal of the obstacle.  

Only a portion of an obstacle is photographed in a 

state in which the mobile robot approaches the obstacle 

within a predetermined distance, and thus, the obstacle may 

be determined using an image captured by photographing an 

0 entire shape of the obstacle because the obstacle is 

photographed prior to a predetermined time, that is, the 

obstacle is photographed at a farther distance than a 

predetermined distance. The obstacle recognition unit 111 

may determine a detailed type of the obstacle and, as 
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necessary, may determine only the shape and size of the 

obstacle.  

The obstacle recognition unit 111 may exclude a 

background of an image from image data, may extract the 

5 feature of the obstacle based on pre-stored obstacle data, 

and may determine a type of the obstacle. The obstacle data 

181 may be updated based on new obstacle data received from 

a server. The mobile robot 1 may store obstacle data of the 

detected obstacle and may receive data of the type of the 

J obstacle from a server with respect to other data.  

The obstacle recognition unit 111 may detect feature 

such as a point, a line, or a surface from predetermined 

pixels included in an image and may detect an obstacle based 

on the detected feature.  

5 The obstacle recognition unit 111 may extract an 

outline of an obstacle, may recognize the obstacle based on 

a shape thereof, and may determine a type of the obstacle.  

The obstacle recognition unit 111 may determine the type of 

the obstacle depending on the color or size of the obstacle 

0 based on the shape. The obstacle recognition unit 111 may 

determine the type of the obstacle based on the shape and 

movement of the obstacle.  

The obstacle recognition unit 111 may differentiate 

the human, an animal, and an object therebetween based on 

5 obstacle information. The obstacle recognition unit 111 may 
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classify a type of the obstacle into a general obstacle, a 

dangerous obstacle, a bio obstacle, and a floor obstacle and 

may determine a detailed type of the obstacle with respect 

to each classification.  

5 The obstacle recognition unit 111 may transmit 

recognizable image data to the server 90 through the 

communicator 280 and may determine a type of the obstacle.  

The communicator 280 may transmit at least one image data to 

the server 90.  

D When receiving image data from the mobile robot 1, the 

server 90 may analyze image data to extract an outline or 

shape of the photographed object, and may compare the 

extracted information with pre-stored data of the object, 

and may determine a type of the obstacle. The server 90 may 

preferentially search for obstacles with a similar shape or 

a similar color, may extract feature from corresponding 

image data, and may compare the information, and thus, may 

determine a type of the obstacle.  

The server 90 may determine a type of an obstacle and 

0 may then transmit data of the obstacle to the mobile robot 1.  

The obstacle recognition unit 111 may store data of an 

obstacle, received from a server through a communicator, in 

the data unit 180 as obstacle data. When the server 

determines the type of the obstacle, the obstacle 

5 recognition unit 111 may perform an operation corresponding 
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thereto. The traveling controller 113 may control the 

traveling unit to avoid, approach, or pass through the 

obstacle in response to a type of the obstacle, and as 

necessary, may output a predetermined sound effect or a 

warning horn, or voice guidance through a speaker.  

As described above, the obstacle recognition unit 111 

may determine whether image data is recognizable and may 

transmit image data to the server according to stored 

obstacle data, and thus, may recognize a type of the 

J obstacle according to response of the server.  

The obstacle recognition unit may store obstacle data 

for obstacle recognition with respect to a selected obstacle 

among a plurality of obstacles, and thus, even if image data 

is not transmitted to the server, the obstacle recognition 

5 unit may recognize the obstacle based on obstacle 

recognition data.  

There is a limit in a storage capacity of the data 

unit 180, and thus, the controller 110 may store information 

on a portion of the selected obstacle as obstacle 

0 recognition data. For example, the controller 110 may store 

obstacle recognition data in a data unit with respect to an 

obstacle selected through the terminal 80 or an obstacle 

that is detected large numbers of times based on a detection 

number of times.  
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Thus, the obstacle recognition unit 111 may 

information on an obstacle present in a cleaning region or a 

repeatedly detected obstacle in the data unit, and thus, 

when an obstacle is detected, an operation corresponding 

5 thereto may be immediately performed.  

When recognizing a type of an obstacle from image data, 

the traveling controller 113 may control the traveling unit 

250 to allow the body 10 to perform a predetermined 

operation in response to the type of the obstacle.  

J When determining the obstacle to be positioned within 

a predetermined distance according to a detection signal of 

the obstacle detector 100, the traveling controller 113 may 

set and perform any one of a plurality of response motions 

depending on a type, shape, or size of the obstacle, 

5 determined based on image data, with respect to a response 

motion to be executed depending on the type or shape of the 

detection signal.  

The traveling controller 113 may determine whether the 

mobile robot is capable of traveling or entering, may set a 

0 traveling path/cleaning path to allow the mobile robot to 

approach the obstacle, to pass through the obstacle, or to 

avoid the obstacle, and may control the traveling unit 250 

in response to the obstacle recognized by the obstacle 

recognition unit 111.  
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For example, the traveling controller 113 may stop, 

decelerate, accelerate, reverse, U-turn, and change a 

traveling direction in response to the obstacle, may prevent 

the body 10 from approach the obstacle at a predetermined 

5 distance or greater, and may make the body 10 to stand by 

for a predetermined time. The traveling controller 113 may 

output sound determined depending on an obstacle through a 

speaker and may output the sound with a predetermined 

operation.  

D When the obstacle detector 100 detects an obstacle to 

be positioned within a predetermined distance, the traveling 

controller 113 may set a plurality of response motions such 

as avoidance, approaching, setting of an approaching 

distance, stoppage, deceleration, acceleration, reverse, U

5 turn, and a change in traveling direction depending on a 

detection signal, and may set any one response motion 

depending on an obstacle determined from captured image data, 

may control the traveling unit.  

That is, the traveling controller 113 may set a 

0 plurality of response motions depending on an input 

detection signal, and in this case, may control the 

traveling unit to perform any one of a plurality of response 

motions in response to an obstacle determined from pre

captured image data prior to a time of inputting a detection 

5 signal.  
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When a detailed type of the obstacle is determined 

through image data, the traveling controller 113 may set a 

response motion depending on the type of the obstacle, and 

even if it is not possible to accurately determine the type 

5 of the obstacle, the traveling controller 113 may set a 

response motion depending on the shape or size of the 

obstacle. For example, when the detailed type of the 

obstacle is not known but a space with a predetermined size 

from a floor surface, that is, a space with a height and a 

D width for enabling the mobile robot to pass therethrough is 

present, the traveling controller 113 may set the response 

motion to the body to pass through the obstacle.  

Hereinafter, a mobile robot according to a second 

embodiment will be described.  

5 The mobile robot according to the second embodiment 

may be configured as shown in FIGs. 1 to 6 showing a first 

embodiment. The mobile robot according to the second 

embodiment may be configured with the same hardware as in 

the first embodiment, and a control component based thereon 

0 is shown in FIG. 6.  

As described above with reference to FIG. 6, the 

mobile robot 1 according to the second embodiment may 

include the obstacle detector 100, the image acquirer 170, 

the cleaner 260, the traveling unit 250, the data unit 180, 

5 the output unit 190, the manipulator 160, the communicator 
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280, and the controller 110 for controlling an overall 

operation. The controller 110 may include the obstacle 

recognition unit 111, the map generator 112, and the 

traveling controller 113.  

Thus, with regard to the mobile robot according to the 

second embodiment, the same term and the same reference 

numeral are denoted for the same component as in the first 

embodiment. The mobile robot according to the second 

embodiment may comply with the description of the first 

J embodiment with respect to the same components as in the 

first embodiment, and a description thereof will be omitted 

below.  

The mobile robot according to the second embodiment 

may capture a plurality of images while traveling, and in 

5 this case, may periodically capture and store an image, may 

pre-detect an obstacle through the corresponding image, and 

may then perform a predetermined operation when a distance 

from the obstacle becomes a predetermined distance.  

When image data obtained by photographing a side 

0 toward a traveling direction is stored, the obstacle 

recognition unit 111 may determine an obstacle through the 

stored image data. Even if a separate obstacle detection 

signal is not input from the obstacle detection unit, the 

obstacle recognition unit 111 may analyze image data and may 

5 recognize an obstacle included in the image data.  
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When the obstacle recognition unit 11 determines an 

obstacle from image data and then the obstacle is positioned 

within a predetermined distance according to a detection 

signal of the obstacle detector 100, the traveling 

5 controller may set a response motion in response to the 

obstacle and thus may perform a response motion.  

That is, according to the first and second embodiments, 

after an obstacle is detected, an image may be analyzed and 

whether the obstacle is recognized or whether the obstacle 

J is pre-recognized from an image may be determined, and in 

this regard, the obstacle may be detected from the obstacle, 

and a response motion may be set and performed depending on 

a type of the obstacle.  

The traveling controller 113 may determine a dangerous 

5 situation with respect to various cases that occur while 

traveling, may transmit, to the server, image data that is 

pre-captured based on a time point at which the dangerous 

situation occurs, and may make a request for obstacle 

information in order to prevent or prepare for the dangerous 

0 situation.  

For example, when a confinement situation occurs due 

to a predetermined obstacle after the mobile robot enters 

the obstacle, the traveling controller 113 may transmit, to 

the server, an image captured for a predetermined time prior 

5 to a time point of determining a confinement situation or at 
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least one piece of image data captured while the mobile 

robot travels. When a traveling distance for a 

predetermined time is less than a predetermined distance, 

the traveling controller 113 may determine a current 

5 situation to be a confinement situation.  

The confinement situation may refer to a state in 

which movement of the body is confined and is limited 

because it is not possible to move the body for a 

predetermined distance or greater due to an obstacle.  

J While traveling, when a dangerous situation occurs, 

for example, a specific object falls on or ahead of the body, 

the traveling controller 113 may transmit image data 

captured before the dangerous situation occurs, to the 

server. For example, a vase or the like may fall due to 

5 collision with an obstacle while traveling.  

The traveling controller 113 may output error and, as 

necessary, may output a predetermined warning horn or voice 

guidance.  

When a dangerous situation occurs, the traveling 

0 controller 113 may receive obstacle information generated 

based on the image data transmitted to the server, may 

update the obstacle information of a data unit, may 

determine the corresponding obstacle to be an obstacle as 

the reason for a dangerous situation, and may then may 

5 enable the mobile robot to travel and avoid the obstacle.  
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The server 90 may analyze a plurality of pieces of 

received image data with respect to a predetermined time or 

a predetermined distance, may determine an obstacle as the 

reason for the dangerous situation, may generate a 

recognition model for the corresponding obstacle, may set a 

response motion not to approach or enter the obstacle, may 

update obstacle information with respect to the set response 

motion, and may transmit the updated obstacle information to 

the mobile robot 1.  

D The server 90 may determine an obstacle as the reason 

for a confinement situation, may set obstacle information 

including the feature of a corresponding obstacle and a 

response motion for the feature to enable the mobile robot 

to avoid the corresponding obstacle without entering the 

5 obstacle, and may transmit the obstacle information to the 

mobile robot. When a vase falls in the case of collision 

with an obstacle, the server 90 may analyze an image, may 

determine an obstacle put on the vase, may set a response 

motion to prevent the mobile robot from approaching the 

0 corresponding obstacle, and may generate obstacle 

information.  

The traveling controller 113 may enable the mobile 

robot to travel and avoid the corresponding obstacle 

according to a response motion with respect to a confinement 

5 situation received from the server. When a confinement 
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situation occurs in a detected obstacle, the traveling 

controller 113 may control the traveling unit to approach 

and then avoid the corresponding obstacle at a predetermined 

distance or to change a traveling direction and avoid the 

5 obstacle immediately after detecting the obstacle.  

FIGs. 7 and 8 are diagrams showing an example of 

driving of a mobile robot and an image captured while 

traveling according to the present disclosure.  

As shown in FIG. 7, while traveling, the mobile robot 

D 1 may detect an obstacle positioned ahead of the body 10.  

When the mobile robot 1 travels toward a window 04 in 

the traveling region H as shown in FIG. 7A, an image shown 

in FIG. 7B may be captured. The captured image may include 

a plurality of obstacles 001 to 006 positioned at a side 

5 toward a traveling direction.  

The image acquirer 170 may be continuously captured or 

may be repeatedly captured with a predetermined period.  

When the mobile robot 1 travels straight, as the 

mobile robot approaches an obstacle, the obstacle may be 

0 photographed in an enlarged form as shown in FIG. 8.  

In the captured image, as the body of the mobile robot 

1 travels, an area of an obstacle positioned at a side 

toward a traveling direction of the mobile robot may be 

increased, and an area of an obstacle positioned at an 
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opposite side to the traveling direction of the mobile robot 

may be reduced.  

As shown in FIG. 8A, as the mobile robot travels, the 

mobile robot may approach second and third obstacles 002 and 

5 003 among the plurality of obstacles 001 to 006 positioned 

in a region. Thus, the image captured through the image 

acquirer 170 may include an image formed by photographing 

the second and third obstacles 002 and 003 as shown in FIG.  

8B.  

J The obstacle recognition unit 111 may store an image 

captured at the same positioned as in FIG. 7 and may detect 

and recognize the plurality of obstacles 001 to 006 through 

the stored image data. As shown in FIG. 8, when the mobile 

robot 1 approaches the second and third obstacles 002 and 

5 003, the obstacle detector 100 may input a detection signal, 

and the obstacle recognition unit 111 may determine the 

obstacle to be positioned within a predetermined distance 

and may determine the obstacle based on pre-captured image 

data. The obstacle recognition unit 111 may determine the 

0 obstacle before the detection signal is input, may transmit 

the image data to the server or the terminal, and may 

determine the obstacle.  

When a traveling direction of the mobile robot 1 is 

changed, if the obstacle is determined according to the 

5 detection signal, the possibility that image data captured 
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before the traveling direction is changed does not include 

an obstacle at a side toward the traveling direction is high, 

and thus, the obstacle may be determined based on an image 

after the traveling direction is changed. Thus, when the 

5 obstacle is positioned within a predetermined distance 

according to the detection signal of the obstacle detector 

100, the mobile robot 1 may determine the obstacle based on 

image data pre-captured in the same traveling direction.  

The mobile robot 1 may recognize an obstacle from the 

J captured image data and may determine a type of the obstacle.  

The image acquirer 170 may store image data captured while 

traveling, and the controller may analyze image with a 

predetermined period, and in this case, when the obstacle 

detector 100 determines the obstacle or the obstacle to be 

5 positioned within a predetermined distance, the controller 

may determine the obstacle using pre-captured image data.  

The controller may determine information on the type, 

shape, and size of the obstacle through image data with 

respect to the second and third obstacles 002 and 003 as 

0 described above, and thus, may control the traveling unit to 

perform a response motion in response thereto.  

For example, when receiving a detection signal of the 

second obstacle with respect to the second obstacle 002 that 

is a table, the controller 110 may select two response 

5 motions such as avoidance and entrance after approach, may 
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analyze image data, and may determine and operate any one of 

response motions according to whether the mobile robot 

enters a space below the table.  

Even if tables have the same type, the tables have 

5 different sizes, the space below the table have different 

sizes of, and the mobile robot have different sizes, and 

accordingly, whether the mobile robot enters the space below 

the table may be changed, and thus, the controller may set a 

plurality of performable response motions, for example, 

J avoidance, entrance, or pass after approach based on a 

detection signal of the obstacle detector 100, and may 

determine to select and perform any one of the plurality of 

response motions depending on the type, shape, and size of 

the obstacle through image analysis.  

5 Whether the mobile robot enters a space below a table 

may be determined depending on the height of the table and 

the width of a table leg and a traveling direction may be 

determined. With respect to the same table, that is, the 

second obstacle 002, a response motion may be changed 

0 depending on whether a chair such as the third obstacle 003 

is present.  

Thus, the mobile robot may set a plurality of response 

motions of processing a detection signal with respect to an 

obstacle when the detection signal is input, and may set any 

5 one response motion based on obstacle information determined 
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through an image, and thus, may perform different response 

motions depending on the size or shape of the obstacle or 

the size of the body of the mobile robot with respect to the 

table.  

5 FIG. 9 is a diagram for explaining recognition of a 

detection signal of an obstacle and recognition of the 

obstacle in a mobile robot according to an embodiment of the 

present disclosure. FIG. 10 is a diagram for explaining an 

operation of a mobile robot depending on a type of an 

D obstacle according to an embodiment of the present 

disclosure.  

As shown in FIG. 9A, when detecting that an obstacle 

is positioned within a predetermined distance, the obstacle 

detector 100 may input a detection signal thereof.  

5 When a pattern acquirer photographs a pattern emitted 

from a pattern emission unit, the obstacle detector 100 may 

display the pattern P1 emitted to the obstacle as shown in 

the drawing.  

As a pattern is positioned above a reference line refl, 

0 the obstacle recognition unit 111 may determine that an 

obstacle with a predetermined height is positioned at a side 

toward a traveling direction.  

Thus, the traveling controller may set a plurality of 

performable response motions with respect to an obstacle 

5 positioned ahead of the mobile robot in response to a 
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detection signal. For example, the response motion such as 

avoidance, approaching, entrance, or pass may be set.  

When a detection signal is input, the obstacle 

recognition unit 111 may analyze pre-captured image data, 

5 that is, image data captured before the detection signal is 

input and may determine an obstacle positioned at a side 

toward a traveling direction.  

When a pattern is emitted to a lower portion of an air 

conditioner as shown in FIG. 9B, when a pattern is emitted 

D to a support of a fan as shown in FIG. 9C, when a pattern is 

emitted to a threshold as shown in FIG. 9D, and when a 

pattern is emitted to a small box as shown in FIG. 9E, the 

aforementioned pattern shown in FIG. 9A may be photographed 

to form an image.  

5 Despite different obstacles, as the same pattern is 

detected, the obstacle recognition unit 111 may determine 

the obstacles based on a pre-captured image.  

As shown in FIG. 10, an image captured before a 

detection signal is input may be analyzed, and an obstacle 

0 positioned at a side toward a traveling direction may be 

determined to be a fan.  

As shown in FIG. 10A, when the mobile robot 1 stores 

an image captured while traveling and the obstacle detector 

100 detects an obstacle to be positioned within a 

5 predetermined distance, the obstacle recognition unit 111 
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may analyze a pre-captured image, may recognize an obstacle 

photographed in image data, and may determine information on 

the obstacle, such as the type, size, or shape of the 

obstacle.  

5 The obstacle recognition unit 111 may analyze image 

data captured before the detection signal is input, that is, 

image data captured at a time point at which the obstacle is 

photographed at a farther distance than a predetermined 

distance.  

D For example, when a detection signal is input at a 

second distance D02, the obstacle recognition unit 111 may 

photograph only a portion of an obstacle at the second 

distance as shown in FIG. 10C, and thus, an image shown in 

FIG. 10B, which is captured before a detection signal of an 

5 obstacle is input, that is, at a predetermined time before a 

time point of inputting the detection signal, and the 

obstacle may be determined. The obstacle recognition unit 

1111 may captures an image in the same traveling direction.  

When a traveling direction of the body is changed, the 

0 obstacle recognition unit 111 may determine an obstacle from 

an image captured after the traveling direction is changed.  

The traveling controller may determine that the 

obstacle is a fan through an image among a plurality of 

response motions based on a detection signal, as shown in 

5 FIG. 9C, and may perform a response motion thereto. For 
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example, when the obstacle is a fan, the mobile robot may be 

confined below the fan or may be put above a support of the 

fan, and thus, a response motion (avoidance after 

approaching at a predetermined distance) may be set to avoid 

5 the obstacle without approaching the fan at 10 cm or greater, 

and may control the traveling unit to operate according to 

the response motion.  

When the obstacle is determined as a box through an 

image as shown in FIG. 9E, the mobile robot may approach and 

D collide with the box, may check whether the mobile robot is 

capable of traveling, and may then be set to avoid the 

obstacle. When the box is light, a position thereof may be 

changed by the mobile robot, and thus, the response motion 

may be set to enable the mobile robot to approach and 

5 collide with the obstacle.  

The controller 110 may store information on a detected 

obstacle as obstacle data.  

The obstacle data may be data of an obstacle that is 

frequently detected a plurality of detection numbers of 

0 times of the obstacle.  

The traveling controller 113 may additionally 

determine whether an obstacle is a dangerous obstacle 

depending on a type of the obstacle and may control the 

traveling unit to perform an operation corresponding thereto.  

5 When an operation is determined depending on a type of the 
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obstacle, the traveling controller 113 may perform the 

determined operation, and when an operation is not 

separately determined, the traveling controller 113 may vary 

and set an approaching degree of the obstacle depending on 

5 whether an obstacle is a dangerous obstacle. When the 

obstacle is a dangerous obstacle, the traveling controller 

113 may output a predetermined sound effect or warning horn 

depending on a type of the obstacle and may output voice 

guidance. The traveling controller 113 may set a damageable 

J obstacle such as a pot or a vase, a pet, a confinable leg, 

or the like, as a dangerous obstacle.  

Even if the same detection signal is input and the 

same obstacle is positioned, the obstacle recognition unit 

111 may perform different response motions depending on the 

5 size or shape of the obstacle.  

For ex ample, when a detection signal for determining 

a chair leg is input, if the obstacle is determined as a 

chair from an image, an operation such as avoidance, 

approaching, or entrance may be performed depending on the 

0 height of the chair and an interval between legs. The 

obstacle recognition unit 111 may analyze an image after the 

detection signal is input, may calculate the interval 

between chairs and the height of the chair, and may 

determine whether the mobile robot enters the obstacle.  

5 Thus, the traveling controller may perform any one of 
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response motions such as avoidance, approaching, and 

entrance.  

FIG. 11 is a diagram for explaining a mobile robot and 

a signal flow between devices for obstacle recognition 

5 according to an embodiment of the present disclosure.  

As shown in FIG. 11, the mobile robot 1 may perform 

cleaning while traveling in a traveling zone.  

The mobile robot 1 may capture an image while 

traveling and may store the image as image data.  

D The mobile robot 1 may capture an image irrespective 

of whether an obstacle is detected and may recognize an 

obstacle positioned at a side toward a traveling direction 

from the image.  

When determining the obstacle through the image, the 

5 controller 110 may analyze the image based on the stored 

obstacle information and may determine the obstacle (Si).  

In this case, according to the first embodiment, the 

mobile robot 1 may analyze the image and recognize the 

obstacle while continuously capturing the image when the 

0 obstacle detector 100 detects the obstacle.  

The controller 110 may store image data, and when the 

obstacle detection unit detects the obstacle, the controller 

110 may analyze pre-captured image data, may remove a 

background, and may extract features when the obstacle is 

5 positioned within a predetermined distance. The obstacle 
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recognition unit 111 may determine the shape, size, and type 

of the obstacle.  

With respect to the obstacle from the image, when the 

obstacle is detected to be positioned within a predetermined 

5 distance, the mobile robot 1 may travel and avoid the 

obstacle depending on a type of a pre-recognized obstacle 

through the image.  

According to the second embodiment, the mobile robot 1 

may store image data, may analyze and filter image data 

D stored in a predetermined unit to extract features, and may 

determine the shape, size, and type of the obstacle. That 

is, even if a detection signal of an obstacle is not input 

from the obstacle detection unit, the mobile robot according 

to the second embodiment may recognize the obstacle included 

5 in the image before the detection signal is input.  

When the obstacle detector 100 inputs the detection 

signal in a state in which the obstacle is completely 

determined, the controller may set a response motion to the 

obstacle based on determination of the obstacle through the 

0 detection signal and the image and may perform a 

predetermined operation when the obstacle is positioned 

within a predetermined distance.  

The mobile robot 1 according to the first and second 

embodiments may transmit the image data to the server 90 or 
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the terminal 80 and may request that the server 90 check the 

obstacle (S2) .  

The server 90 may analyze image data, may extract the 

feature of the obstacle, and may determine a type of the 

5 obstacle based on a shape thereof. The server 90 may store 

accumulating data of the obstacle in a database and may use 

the data to determine the obstacle.  

When recognizing a new obstacle from an image, the 

server 90 may generate a recognition model of the obstacle 

J and may update obstacle information. The recognition model 

may include information on the feature of the obstacle and a 

generated environment to determine the type of the obstacle 

from the image. The recognition model may be used to set a 

response motion to the corresponding obstacle, and when 

receiving images of similar obstacles, the recognition model 

may analyze the feature based on a pre-generated obstacle 

model, may determine a type of the obstacle, and may set the 

response motion thereto as an avoidance operation. For 

example, when a specific obstacle is detected, a response 

0 motion may be set with respect to whether the mobile robot 

immediately avoids a corresponding obstacle without 

approaching the obstacle, whether the mobile robot 

approaches the obstacle at a predetermined distance and then 

avoids the obstacle, or whether a predetermined warning horn 

5 is output.  
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When the mobile robot 1 is not capable of accessing a 

server, the terminal 80 may transmit image data received 

from the mobile robot to the server. The terminal 80 may 

determine the type of the obstacle based on the received 

5 image data and may determine a type of the obstacle through 

user input.  

The server 90 or the terminal 80 may transmit data of 

a type of the obstacle to the mobile robot 1 in response to 

a request of the mobile robot (S3). In addition, the server 

J 90 or the terminal 80 may transmit data of an avoidance 

operation corresponding to the type of the obstacle to the 

mobile robot 1. The mobile robot 1 may perform the 

avoidance operation based on the received data.  

The mobile robot 1 may determine the type of the 

5 obstacle based on the received data and may perform the 

avoidance operation in response thereto. The avoidance 

operation may also be set from a server or a terminal, and 

as necessary, any one of a plurality of operations may be 

selected and performed. As necessary, any one of a 

0 plurality of operations may be selected and input through 

the terminal.  

FIG. 12 is a flowchart for explaining detection of an 

obstacle and a response motion in a mobile robot according 

to an embodiment of the present disclosure.  
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As shown in FIG. 12, the mobile robot 1 may capture a 

plurality of images through the image acquirer 170 while 

traveling. The controller 110 may capture an image while 

traveling even if any obstacle is not detected through the 

5 obstacle detection unit.  

The image may be captured as a still image at a 

predetermined time interval or may be captured as a video 

image through continuous photography. The image acquirer 

170 may store the captured images in a plurality of image 

J data I01 to 103 in a data unit (Sl).  

The image processor included in the image acquirer 170 

may filter a captured image and may store image data at a 

predetermined time interval, and when a video image is 

captured, the image processor may analyze the video image in 

5 frame units, may remove unnecessary frames, and may then 

store image data.  

According to the first embodiment, the controller 110 

may store image data, and when the obstacle detection unit 

detects an obstacle (Ti), if the obstacle is positioned 

0 within a predetermined distance, the controller 110 may 

analyze pre-captured image data and may remove a background 

(S12), and may extract features (S13). The obstacle 

recognition unit 111 may determine the shape, size, and type 

of the obstacle (S14).  
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The controller 110 may set a plurality of response 

motions in response to an obstacle determined through a 

detection signal and an image. The controller 110 may 

select any one the plurality of determined response motions 

5 and may control the traveling unit to perform the selected 

response motion (S17).  

According to the second embodiment, before the 

obstacle detector 100 inputs the detection signal, the 

controller 110 may analyze and filter the image data in 

D predetermined units to extract features (S12 and S13) and 

may determine shape, size, or type of the obstacle (S14).  

When the obstacle detector 100 inputs the detection signal 

in a state in which the obstacle is completely determined, 

(T2), the controller may set a response motion to the 

5 obstacle and may perform a predetermined operation based on 

determination of the obstacle through the detection signal 

and the image (S17).  

The controller 1110 may transmit a plurality of image 

data to the server (S15) and may request that the server 

0 determine the obstacle. When receiving data of the obstacle 

from the server, the controller 110 may store obstacle 

information (S16) and may determine the obstacle based on 

the information (S14).  
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The controller 110 may set a response motion and may 

perform the response motion based on the detection signal of 

the obstacle detector 10 and the image (S17).  

FIG. 13 is a flowchart for explaining recognition of 

5 an obstacle and a control method based thereon in a mobile 

robot according to the first embodiment of the present 

disclosure.  

As shown in FIG. 13, the mobile robot 1 may travel in 

a region of the traveling region H, in which the mobile 

J robot 1 is capable of traveling, and may clean a 

predetermined region (S310).  

When receiving a moving or cleaning command, the 

mobile robot 1 may capture an image through the image 

acquirer 170. The image acquirer 170 may continuously 

5 capture an image (a video image) or may capture an image at 

a predetermined time interval (S320). The captured acquired 

image may be stored as image data.  

The image acquirer 170 may set a photography period 

depending on a moving speed of the mobile robot or may set 

0 the photography period based on a distance for detecting an 

obstacle by the obstacle detection unit.  

With respect to a plurality of image data, the image 

acquirer 170 may determine whether an obstacle is capable of 

being recognized, may filter the image data, may select an 
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image that is capable of being analyzed, and may store the 

image as image data.  

For example, the image acquirer 170 may select a 

normally captured image and may store the image as image 

5 data except for the case in which the obstacle is not 

capable of being normally photographed due to movement of 

the obstacle or movement of the body 10 during photography, 

e.g., the case in which it is not possible to recognize the 

obstacle due to a shaking image of the obstacle as a 

J photography target or the case in which it is not possible 

to recognize the obstacle due to an unfocused image.  

The image acquirer 170 may capture an image while the 

mobile robot 1 is operated, and the obstacle detector 100 

may emit a pattern or may detect an obstacle positioned at a 

5 side toward a traveling direction using ultrasonic waves, 

infrared rays, or laser beams and may input the detection 

signal (S300).  

The obstacle recognition unit 111 may determine 

whether an obstacle is positioned at a side toward a 

0 traveling direction based on the detection signal or may 

determine the size or position of the obstacle through 

pattern analysis using a 3D sensor (S340).  

When determining the obstacle through the shape of a 

pattern obtained by emitting the pattern, the controller 110 

5 may separate and identify obstacles with the same detection 
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signal being input and may set a plurality of performable 

response motions for respective detection signals (S350).  

A detectable distance is changed depending on a type 

of a sensor of the obstacle detection unit, and thus, the 

5 controller 110 may determine a distance to the obstacle 

based on the detection signal and may determine whether the 

obstacle is positioned at a predetermined distance (S360).  

The controller 110 may determine a plurality of 

performable response motions with respect to an obstacle 

J positioned at a side toward a travelling direction depending 

on a shape of the detection signal, and when the obstacle is 

positioned within the predetermined distance, the controller 

110 may analyze image data prior to a time point of pre

photography (S370), and may determine the obstacle (S380).  

5 The obstacle recognition unit 111 may analyze image 

data, may filter the image data depending on whether it is 

possible to recognize the obstacle, may remove a background 

from the filtered image data through image processing, and 

may then extract an outline or feature point of the obstacle 

0 to extract the shape and shape of the obstacle.  

The obstacle recognition unit 111 may determine 

whether image data is identified based on the brightness and 

clarify of image data, and a moving speed of the body 10.  

The obstacle recognition unit 111 may determine the 

5 brightness of the image data based on a brightness value of 
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a plurality of pixel values of the image data and may 

classify the brightness value into excessive exposure, 

insufficient exposure, and normal exposure. When the moving 

speed of the body is equal to or greater than a setting 

5 speed, the obstacle recognition unit 111 may determine a 

captured image to shake, may determine the clarity of the 

image data, and may determine whether it is possible to 

identify the image data.  

The obstacle recognition unit 111 may extract the 

J extracted outline and feature of the obstacle to analyze a 

shape of the obstacle and may determine the type and size of 

the obstacle based on obstacle data.  

When there is no separate obstacle data or it is not 

possible to determine a type of the obstacle from obstacle 

5 data, the obstacle recognition unit 111 may transmit the 

image data to the server 90 or the terminal and may request 

that the server 90 or the terminal check the obstacle. The 

obstacle may be determined through the server immediately 

when the image is captured. The type of the obstacle may be 

0 determined via autonomous determination or response from the 

server.  

The server 90 may store a plurality of image data with 

respect to one obstacle, may extract the features of a 

specific obstacle, and may store the features in a database.  

5 The server 90 may analyze image data received from the 
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mobile robot 1 and may compare the image data with pre

stored data, and thus, may determine a type of the obstacle.  

The server 90 may transmit a type of the obstacle and 

obstacle data related thereto to the mobile robot 1.  

5 The obstacle recognition unit 111 may set any one of a 

plurality of response motions based on data of an obstacle 

determined in response to the shape and feature of the 

obstacle (S390).  

The traveling controller may control the traveling 

] unit to perform an operation based on the set response 

motion (S400).  

In the case of a dangerous obstacle, the traveling 

controller 113 may set the traveling unit to travel to avoid 

the obstacle without approaching the obstacle at a 

predetermined distance or greater. When there is a 

predetermined operation depending on a type of the obstacle, 

the traveling controller 113 may perform the predetermined 

operation.  

The traveling controller 113 may set the traveling 

0 unit to avoid an obstacle after approaching the obstacle or 

to immediately avoid the obstacle when a predetermined 

distance is reached, may set an approaching distance when 

the mobile robot approaches the obstacle, and may set the 

traveling unit to enter and pass through an obstacle. In 
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addition, the mobile robot may also output a predetermined 

warning horn.  

Thus, even if the same detection signal is input, the 

mobile robot 1 may perform different operations depending on 

5 an obstacle via image analyze, and even if detection signals 

are the same and obstacles have the same type, different 

response motions may be performed depending on the size or 

shape of the obstacle.  

According to the present disclosure, when the mobile 

J robot approaches the obstacle at a predetermined distance, a 

predetermined operation may be performed, and thus, the 

mobile robot may immediately response to the obstacle, and 

the obstacle may be easily determined using a pre-captured 

image, and accordingly, the obstacle may be more effectively 

5 avoided.  

FIG. 14 is a diagram for explaining image transmission 

for recognition of an obstacle of a mobile robot according 

to the second embodiment of the present disclosure.  

The mobile robot 1 according to the second embodiment 

0 may capture a plurality of images through the image acquirer 

170 while traveling. The controller 110 may capture an 

image even if the obstacle detection unit does not detect an 

obstacle.  

As shown in FIG. 14, the mobile robot 1 may capture a 

5 plurality of images 301 to 304 while traveling. The mobile 
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robot 1 may store an image captured at a predetermined time 

interval as image data, may transmit the image data to the 

server 90, and may make a request for information on the 

obstacle.  

5 The mobile robot 1 may periodically capture a still 

image and may capture a video through continuous photography.  

The image acquirer 170 may store the captured image in a 

data unit as a plurality of image data 301 to 304.  

The image processor included in the image acquirer 170 

D may filter a captured image and may store the image data at 

a predetermined time interval or a predetermined moving 

distance interval, and when a video image is captured, the 

image processor may analyze the video image in frame units, 

may remove unnecessary frames, and may then store image data.  

5 The mobile robot 1 may transmit image data captured 

while traveling to the server according to a time sequence 

and may selectively transmit some of the plurality of image 

data.  

For example, when recognizing an obstacle at a side 

0 toward a traveling direction from an image, the mobile robot 

1 may transmit corresponding image data to the server.  

The server 90 may analyze a type of an obstacle and 

may transmit the obstacle information to the mobile robot 1, 

and the mobile robot 1 may perform an avoidance operation on 

5 the obstacle in response to the received obstacle 
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information. The avoidance operation may be an operation of 

approaching an obstacle, changing a traveling direction in 

response to a type of the obstacle, and then, avoiding the 

obstacle, an operation of approaching the obstacle only at a 

predetermined distance, or an operation of avoiding the 

obstacle and traveling immediately after the obstacle is 

detected. The mobile robot 1 may output a predetermined 

warning horn, sound effect, and voice guidance in response 

to the type of the obstacle, and may also re-travel after a 

J predetermined time elapses.  

When the same image is repeatedly captured within a 

predetermined time, the mobile robot 1 may transmit a 

plurality of image data captured within a predetermined time 

to the server.  

5 For example, when the mobile robot 1 is confined by a 

space below a chair or a table and it not capable of 

traveling, the mobile robot 1 may output an error, may 

transmit, to the server, image data captured within a 

predetermined time or image data captured while traveling 

0 for a predetermined distance, may receive information on the 

obstacle, and thus, may determine a current confinement 

situation. The mobile robot 1 may determine that the mobile 

robot is not capable of traveling due to a confinement 

situation and may output an error based thereon.  
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The server 90 may analyze the received image data and 

may generate a recognition model of a confinement situation 

of the mobile robot.  

The server 90 may analyze a plurality of image data 

5 captured for a predetermined distance or a predetermined 

time by a mobile robot as well as a confined positioned of 

the mobile robot, may analyze an image before a confinement 

situation occurs, and may generate a recognition model to 

enable the mobile robot to avoid the corresponding obstacle 

J through the image. The server 90 may generate obstacle 

information based on the generated recognition model and may 

transmit the information to the mobile robot.  

The server 90 may analyze the reason for a confinement 

situation based on information on an obstacle around a place 

5 when the confinement situation occurs, and information on a 

surrounding obstacle before a confinement situation occurs.  

The server 90 may determine that a confinement situation 

occurs with respect to an obstacle with a similar shape and 

size to the corresponding obstacle, may additionally set a 

0 response motion with respect to the confinement situation, 

and may update obstacle information.  

The mobile robot 1 may travel to avoid the obstacle 

before approaching the obstacle in which a confinement 

situation occurs in response to the obstacle information 
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received from the server and may prevent the confinement 

situation from occurring.  

The server 90 may analyze the obstacle in which the 

confinement situation occurs to calculate statistics, may 

5 determine a candidate group of the obstacle in which the 

confinement situation occurs, and may output warning.  

For example, a plurality of image data of a table may 

be analyzed, an image of a table in which a confinement 

situation occurs and an image of a table in which a 

J confinement situation does not occur may be differentiated 

therebetween and may be compared with each other, and when a 

type of the obstacle is a table, the feature of the obstacle 

in which the confinement situation occurs may be extracted, 

and a candidate group of the confinement situation may be 

5 determined.  

For example, when the height of the table is equal to 

or less than 20 cm, when an interval between table legs is 

equal to or less than 35 cm, when another obstacle is 

positioned below the table, or the table has five legs or 

0 greater, features may be extracted, and a candidate group of 

the confinement situation may be set. The server may 

determine a response motion to the confinement situation 

with respect to a corresponding candidate group.  

As necessary, although a confinement situation does 

5 not occur, when the confinement situation occurs in another 
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obstacle with a similar shape, the server may generate a 

candidate group of an obstacle in which a confinement 

situation occurs and may set a response motion to avoid the 

corresponding obstacle. The mobile robot may enter the 

5 corresponding obstacle, and the server may output a warning 

horn or voice guidance before entering the obstacle and may 

set the response motion to enable the mobile robot to enter 

the obstacle after a predetermined time elapses.  

Thus, with respect to an obstacle in which a 

J confinement situation occurs, when detecting the 

corresponding obstacle, the mobile robot 1 may change a 

traveling direction and may travel to avoid the obstacle 

immediately after approaching the obstacle at a 

predetermined distance or immediately when detecting the 

5 obstacle. When avoiding the obstacle, the mobile robot 1 

may output voice guidance therefor. For example, the mobile 

robot 1 may output voice guidance 'I am traveling and 

avoiding obstacle of confinement situation'.  

When detecting a similar obstacle to an obstacle in 

0 which a confinement situation occurs based on received 

obstacle information, the mobile robot 1 may output voice 

guidance 'If I continuously travels, confinement situation 

may occur' in a state of temporary pause and may then travel.  

After voice guidance, when receiving a predetermined command 

5 by a user, the mobile robot may continuously travel or may 
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change a traveling direction and may travel in response 

thereto.  

When an object falls while traveling, the mobile robot 

1 may determine a dangerous situation and may transmit a 

5 plurality of image data captured prior thereto to the server.  

The server 90 may analyze a plurality of image data, 

may determine an obstacle as the reason for making an object 

fall, may extract the feature of the corresponding obstacle, 

may set a response motion, and may then generate obstacle 

J information.  

For example, in a state in which a vase is put on a 

table, when the mobile robot collides with the table, the 

vase may fall. The server may generate a new recognition 

model of the table on which the vase is put, may generate a 

response motion not to approach the table at a predetermined 

distance or greater, and may transmit the obstacle 

information to the mobile robot.  

Thus, when detecting that the vase is put on the table, 

the mobile robot 1 may travel and avoid the obstacle without 

0 approaching a predetermined distance or greater.  

FIG. 15 is a diagram for explaining a method of 

determining a confinement situation through an image of a 

mobile robot according to the second embodiment of the 

present disclosure.  
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As shown in FIG. 15, the mobile robot 1 according to 

the second embodiment may capture images 311 to 315 at a 

predetermined time interval and may store a plurality of 

image data. The mobile robot 1 may store the image data 

5 with time information.  

The image acquirer 170 may continuously capture an 

image or may repeatedly capture the image with a 

predetermined period. When the mobile robot 1 travels for a 

predetermined distance, the obstacle may be photographed in 

D an enlarged form as the mobile robot approaches the obstacle.  

The mobile robot 1 may analyze a captured image, may 

recognize the obstacle, may transmit the result to the 

server 90, and may receive obstacle information.  

While traveling, the mobile robot 1 may capture and 

5 store first to fifth images 311 to 315 at a Oth time toan 

11th time til, a 12th time t12, a 13th time t13, and a 14th 

time t14 through the image acquirer 170 for a predetermined 

time interval or a predetermined moving distance interval.  

For example, the mobile robot 1 may capture an image every 

0 moving distance of 10 cm. In addition, the mobile robot 1 

may capture an image at an interval of 10 seconds while 

traveling.  

While traveling, when a moving distance is less than a 

predetermined distance for a predetermined time, the mobile 

5 robot 1 may determine a confinement situation. For example, 
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when the mobile robot 1 does not move for 5 cm or greater 

and a predetermined time, the mobile robot 1 may determine 

the confinement situation.  

When determining the confinement situation, the mobile 

robot 1 may transmit image data that is captured before a 

predetermined time from a time point P11 of determining the 

confinement situation or image data that is captured before 

a predetermined moving distance to the server 90.  

The mobile robot 1 may transmit an image captured 

D prior to a predetermined moving distance, that is, 12th to 

1 4 th images 312 to 314, based on a moving distance to the 

server 90. The mobile robot 1 may transmit an image during 

the 11th time t1l to the 13th time t13, that is, the 12th to 

1 4 th images 312 to 314, to the server 90.  

5 The mobile robot 1 may transmit image data and error 

information to a terminal or the like and may output 

information on error due to a confinement situation and a 

current position through the terminal.  

The server 90 may recognize an obstacle from each 

0 image, may analyze the obstacle as the reason for the 

confinement situation, and may generate a recognition model 

to prevent the mobile robot from approaching or entering the 

corresponding obstacle. The server 90 may analyze the 

feature of the corresponding obstacle and may apply the same 

5 recognition model to similar obstacles.  

78



As shown in the drawing, when a confinement situation 

occurs below the table, the server 90 may detect a 

corresponding table and may generate a recognition model 

with a response motion that is set to prevent the mobile 

5 robot from entering a space below the table. When obstacle 

information with respect to the corresponding table is pre

generated, the server 90 may add information on the 

confinement situation and may re-generate a recognition 

model.  

J The mobile robot may update new obstacle information 

or pre-stored obstacle information and may travel and avoid 

the obstacle to prevent the confinement situation from 

occurring. A position at which the confinement situation 

occurs may be set in a pre-stored map.  

Thus, during next traveling, when an image such as the 

12th image 312 is captured, the mobile robot 1 may detect 

the table through an image and may travel and avoid the 

obstacle after approaching the obstacle at a predetermined 

distance without entering the table according to a response 

0 motion on the corresponding table. As necessary, the mobile 

robot 1 may output voice guidance for the confinement 

situation during avoidance traveling.  

When detecting an obstacle with a similar shape to the 

table, the mobile robot 1 may travel and avoid the obstacle 

5 in the same way.  
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FIG. 16 is a diagram for explaining a method of 

controlling a mobile robot according to the second 

embodiment of the present disclosure.  

As shown in FIG. 16, while traveling (S450), the 

mobile robot 1 may periodically capture an image in a 

traveling direction and may acquire image information (S460).  

The image acquirer 170 may capture an image, may store the 

image, and may store the image in a data unit as 

recognizable image data.  

D While traveling, the obstacle detector 100 may detect 

an obstacle positioned at a side toward a traveling 

direction and may apply a predetermined detection signal to 

an obstacle recognition unit. The pattern emission units 

120 and 130 may emit a pattern with a predetermined shape in 

5 a traveling direction, may photograph the corresponding 

pattern through the pattern acquirer 140, and may input the 

image to the obstacle recognition unit 111.  

The obstacle recognition unit 111 may analyze an image 

input from the image acquirer 170 to extract features and 

0 may determine a type of the photographed obstacle based on 

obstacle data pre-stored in the data unit 180 (S470).  

The controller 110 may transmit image data to the 

server and may make a request for obstacle information. The 

controller 110 may determine a type of the photographed 

5 obstacle in the image based on data received from the server.  
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The controller 110 may receive and set information on at 

least a performable response motion on the obstacle as well 

as the type of the obstacle from the obstacle information.  

With respect to the pre-determined obstacle, the 

5 obstacle recognition unit 111 may detect whether the 

corresponding obstacle is positioned within a predetermined 

distance through the obstacle detector 100 (S480).  

When the obstacle recognition unit 111 recognizes that 

an obstacle is positioned within a predetermined distance, 

D the traveling controller 113 may determine the pre

recognized obstacle from the image (S490), may set any one 

of a plurality of response motions in response to a type of 

the corresponding obstacle, and may control the traveling 

unit 250 to avoid the obstacle (S500).  

The traveling controller 113 may perform a response 

motion including at least one combination of approaching, 

entrance, passing, and avoidance with respect to the 

obstacle in response to the pre-determined type of the 

obstacle. The controller 110 may output a predetermined 

0 warning horn, sound effect, and voice guidance through the 

output unit 190.  

When a response motion is set to enable the mobile 

robot to enter the detected obstacle, the traveling 

controller 113 may control the traveling unit 250 to enable 

5 the body to continuously travel.  
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For example, when a table is detected, the traveling 

controller 113 may change a traveling direction after the 

body approaches the body and may enable the mobile robot to 

enter a space below the table and to continuously travel.  

5 The obstacle recognition unit 111 may continuously 

analyze an image captured while traveling to determine a 

type of the obstacle, and when the obstacle detector 100 

detects the obstacle within a predetermined distance, the 

traveling controller 113 may set a response motion of the 

J corresponding obstacle and may control the traveling unit.  

The controller 110 may transmit image data to the 

server 90 and may make a request for information on the 

obstacle (S510).  

The server 90 may analyze image data received from a 

5 plurality of mobile robots to determine a type of an 

obstacle, may update information on the pre-determined 

obstacle, and may generate a recognition model of a new 

obstacle. The server 90 may transmit obstacle information 

or updated obstacle information based on a recognition model 

0 that is newly generated according to a request of the mobile 

robot, to the mobile robot.  

The mobile robot 1 may store data received from a 

server and may update pre-stored obstacle information. The 

mobile robot 1 may determine the obstacle based on new data, 

82



may transmit the determined information to the server, and 

may check information on the obstacle.  

When a confinement situation occurs in the pre

recognized obstacle, the mobile robot 1 may transmit a 

5 plurality of image data that is captured before a 

confinement situation occurs to the server and may make a 

request for new information on the confinement situation.  

The server 90 may analyze a plurality of image data, 

may determine a surrounding obstacle before a confinement 

D situation occur, may identify the obstacle as the reason for 

the confinement situation, and may set a response motion.  

The server 90 may newly generate a recognition model 

of an obstacle in which a confinement situation occurs, may 

newly set a response motion therefor, and may transmit 

5 obstacle information to the mobile robot.  

Thus, the mobile robot 1 may change pre-stored data 

and may perform a response motion on the obstacle depending 

on new obstacle information. When a confinement situation 

occurs, the mobile robot may indicate occurrence of the 

0 confinement situation at a corresponding position, and as 

necessary, may set a virtual wall.  

While traveling, when the obstacle recognized from an 

image is an obstacle in which the confinement situation 

occurs, the mobile robot 1 may travel and avoid the 

5 corresponding obstacle according to the response motion that 
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is set when the obstacle detector 100 detects the 

corresponding obstacle.  

FIG. 17 is a flowchart for explaining a method of 

determining error of a mobile robot according to the second 

5 embodiment of the present disclosure.  

As shown in FIG. 17, while traveling (S550), the 

mobile robot 1 may periodically capture an image in a 

traveling direction through the image acquirer 170 (S560).  

The image acquirer may capture an image and may store the 

J image at a predetermined time interval or a predetermined 

distance interval.  

The mobile robot 1 may recognize the obstacle from the 

captured image data and may determine a type of the obstacle.  

The image acquirer 170 may store the image data captured 

5 while traveling, and the controller may analyze image data 

with a predetermined period and when the obstacle is 

determined or the obstacle is detected to be positioned at a 

predetermined distance by the obstacle detector 100, the 

controller may determine the obstacle using pre-captured 

0 image data. The controller 110 may transmit image data to 

the server, may receive obstacle information, and may 

determine a type of the photographed obstacle based on the 

obstacle information.  

The controller determines information on the type, 

5 shape, and size of the obstacle through image data, and thus, 
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when the obstacle detection unit detects the obstacle to be 

positioned within a predetermined distance while traveling, 

the controller may control the traveling unit to perform the 

response motion in response thereto.  

5 For example, when a detection signal of an obstacle is 

input with respect to a table, the controller 110 may select 

two response motions of avoidance after approaching and 

entrance, may analyze image data, and may determine and 

operate any one response motion depending on whether the 

J mobile robot enters a space below the table.  

While traveling, the traveling controller 113 may 

calculate a moving distance based on the number of times of 

rotation or a moving speed of a wheel of a traveling unit.  

When an image is captured based on a moving distance, 

5 if the mobile robot moves for a predetermined first moving 

distance (S570), the traveling controller 113 may apply a 

control command to enable the image acquirer 170 to capture 

an image in units of a first moving distance. The traveling 

controller 113 may control the image acquirer 170 when the 

0 mobile robot moves for a predetermined time based on a 

moving time.  

The traveling controller 113 may determine whether a 

moving distance for a set time, that is, a first time is 

less than a set distance (a second moving distance) while 

5 traveling (S580).  
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When the moving distance for the first time is less 

than the second moving distance, if the mobile robot is not 

capable of normally traveling, the traveling controller 113 

may determine error. The traveling controller 113 may 

5 determine that the mobile robot is not capable of moving due 

to a surrounding obstacle and may determine a confinement 

situation (S590).  

In this case, after the body enters the obstacle, the 

traveling controller 113 may determine whether the body is 

D confined based on a moving distance per hour. For example, 

when a table is too low or an interval between table legs is 

narrow, or when another type of obstacle is present below 

the table, a confinement situation in which the body is not 

capable of normally traveling may occur.  

5 When a moving distance for a set time is less than a 

set distance, the traveling controller 113 may determine 

that the body is confined. The traveling controller 113 may 

travel and avoid an obstacle in response to a type of the 

obstacle.  

0 When determining a confinement situation, the 

traveling controller 113 may call a plurality of image data 

from a data unit for a previous predetermined time or a 

predetermined distance and may transmit the image data to 

the server 90 through a communicator (S600). A moving 

5 distance for the first time is less than the second moving 
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distance, and thus, the mobile robot 1 may transmit 

information including image data before a confinement 

situation occurs, to the server.  

The server 90 may analyze a plurality of received 

5 image, may analyze the image data received from another 

mobile robot to classify a type of the obstacle, may 

calculate required information depending on a type of the 

obstacle, and may set each response motion.  

As the server 90 performs image analysis and learning 

] through a plurality of image data, even if tables are 

present, recognition models may be respectively generated to 

perform different response motions depending on the shape 

and size of the tables, and thus, obstacle information may 

be newly generated based thereon, or pre-stored obstacle 

5 information may be updated. The server may set a plurality 

of response motions to be performed by the mobile robot and 

may provide obstacle information, and thus, the mobile robot 

may perform any one response motion.  

The controller 110 may store obstacle information 

0 received from the server through the communicator in the 

data unit (S610).  

The mobile robot may travel to avoid or escape from a 

confinement situation based on received data (S620). The 

controller may output error when the mobile robot is not 

5 capable of escaping from the obstacle and may output a 
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warning horn. The controller may transmit a current 

position and a pre-captured image to a terminal and may 

enable the user to release the confinement situation of the 

body.  

5 When photographing a table, the obstacle recognition 

unit may detect the table in which the confinement situation 

occurs through an image based on pre-stored obstacle 

information.  

When determining that the obstacle is positioned 

D within a predetermined distance, the traveling controller 

may travel to avid the table as the obstacle based on the 

changed obstacle information.  

That is, in the case of initial detection, when a 

response motion is set to enable the body to enter the 

5 obstacle and then the confinement situation occurs, a 

response motion may be set as any one of avoidance after 

approaching or avoidance with respect to a corresponding 

obstacle and may enable the body to avoid or escape from the 

obstacle in the case of next detection.  

0 Even if tables have the same type, the tables may have 

different sizes, spaces below the tables may have different 

sizes, and the size of the mobile robot may be changed, and 

thus, whether the mobile robot is capable of entering the 

tables may be changed, and accordingly, the controller may 

5 set a plurality of response motions, for example, a 
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performable response motion to avoid, enter, or pass through 

the obstacle after approaching based on a detection signal 

of the obstacle detector 100, and in this case, may 

determine to set and perform any one of the plurality of 

response motions depending on the type, shape, and size of 

the obstacle via image analysis.  

When other tables that are not the same but are 

similar to each other are detected, the controller 110 may 

determine whether a confinement situation occurs due to the 

J tables and may set the mobile robot to avoid the obstacle 

without entering the obstacle. The mobile robot may also 

output a predetermined warning horn.  

Thus, even if the same detection signal is input, the 

mobile robot 1 may perform different operations depending on 

5 an obstacle via image analysis, and even if the same 

detection signal and the same type of obstacles are present, 

the mobile robot 1 may perform different response motions 

depending on the size or shape of the obstacles.  

According to the present disclosure, the mobile robot 

0 may immediately respond to an obstacle through a pre

captured image, and when a confinement situation occurs, the 

mobile robot may classify an obstacle as the reason for the 

confinement situation through a pre-captured image while 

traveling for a predetermined time or a predetermined 

5 distance and may travel and avoid the obstacle when 
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detecting the corresponding obstacle, thereby preventing the 

confinement situation from occurring.  

In addition, obstacle information may be updated by 

updating a new recognition model for an obstacle through a 

5 server, and thus, the mobile robot may avoid the obstacle in 

a similar situation, a confinement situation may be 

prevented from occurring and the mobile robot may 

continuously travel.  

J ADVANTAGEOUS EFFECTS 

A mobile robot and a method of controlling the same 

according to the present disclosure may capture an image 

while traveling, may analyze a pre-captured image to set a 

plurality of response motions with respect to an obstacle, 

5 and may perform any one of the plurality of response 

motions, and thus, may perform a predetermined operation 

depending on an obstacle.  

According to the present disclosure, even if the same 

detection signal is input when a plurality of different 

0 obstacles is detected, an obstacle may be determined through 

an image and different operations may be performed depending 

on the obstacles.  

According to the present disclosure, an image in a 

traveling direction may be captured while traveling, and 

5 thus, an obstacle may be determined through a pre-captured 
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image predetermined point at which the obstacle is 

positioned within a predetermined distance.  

According to the present disclosure, an obstacle may 

be pre-determined through an image before the obstacle is 

5 positioned within a predetermined distance, and thus, a 

response operation may be immediately performed at a time 

point at which the obstacle is positioned within the 

predetermined distance.  

According to the present disclosure, whether a mobile 

J robot is confined may be determined depending on a traveling 

state, at least one pre-captured image before the mobile 

robot is confined may be analyzed, and an obstacle as the 

reason for confinement may be extracted.  

According to the present disclosure, a response motion 

5 of escaping from a confinement situation may be set in 

response to an obstacle as the reason for confinement, 

thereby overcoming the confinement situation.  

According to the present disclosure, a response motion 

of avoiding an obstacle as the reason for confinement may be 

0 set, thereby preventing confinement in next traveling.  

According to the present disclosure, a candidate for 

causing a confinement situation may be set with respect to 

another obstacle having the same or similar shape to an 

obstacle as the reason for confinement, and a response 
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motion may be set for another obstacle, thereby preventing 

confinement from occurring.  

According to the present disclosure, an obstacle may 

be effectively avoided, an operation may be performed 

5 depending on a type of the obstacle, a mobile robot may be 

prevented from being damaged due to collision with the 

obstacle, a position error due to collision with the 

obstacle may be prevented, an environment change in a 

traveling may be detected, and the mobile robot may be 

D operated.  

According to the present disclosure, the mobile robot 

may perform various responses to an obstacle and may avoid a 

dangerous situation by acquiring information on a new 

obstacle through analysis and learning of an obstacle 

5 through a server and updating information on an existing 

obstacle.  

While this disclosure has been particularly shown and 

described with reference to exemplary embodiments thereof, 

0 it will be understood by those skilled in the art that 

various changes in form and details may be made therein 

without departing from the spirit and scope of the 

disclosure as defined by the appended claims.  

5 [Description of reference numerals] 
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1: mobile robot 10: body 

100: obstacle detection unit 110: controller 

111: obstacle recognition unit 

113: traveling controller 

5 120, 130: pattern emission unit 

140: pattern acquirer 

150: sensor unit 170: image acquirer 

180: data unit 

250: traveling unit 

J 260: cleaner 
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CLAIMS: 

1. A mobile robot comprising: 

a moveable body; 

5 an image acquirer configured to capture an image in a 

traveling direction; 

an obstacle detection unit configured to detect an 

obstacle positioned at a side toward the traveling 

direction; and 

D a controller configured to: 

store the image captured using the image 

acquirer as image data; 

set a plurality of response motions to be 

performed according to a predetermined type of a detection 

5 signal input from the obstacle detection unit; 

determine a response motion of the plurality of 

response motions, based on the detected obstacle and image 

data stored prior to a time point at which the obstacle 

detection unit determines that the obstacle is positioned 

0 within a predetermined distance; 

select the response motion; and 

start the response motion at the time point.  

2. The mobile robot of claim 1, wherein the 

5 controller is configured to perform different response 
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motions for objects sharing a common characteristic, based 

on the image data.  

3. The mobile robot of claim 1 or claim 2, wherein 

5 the controller is configured to: 

analyze image data captured before a predetermined 

time, based on the time point at which the obstacle 

detection unit determines that the obstacle is positioned 

at the predetermined distance; and 

D determine a shape and size of the obstacle or a type 

of the obstacle.  

4. The mobile robot of any one of claims 1 to 3, 

wherein the controller is configured to analyze the image 

5 data and detect the obstacle before the detection signal 

is input.  

5. The mobile robot of any one of claims 1 to 3, 

wherein, when the detection signal is input, the 

0 controller is configured to analyze the image data and 

detect the obstacle.  

6. The mobile robot of any one of claims 1 to 5, 

wherein the response motion includes at least one 

5 combination of stoppage, deceleration, acceleration, 
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reverse, stand-by, avoidance, prevention of approach at a 

short distance, or voice guidance.  

7. The mobile robot of any one of claims 1 to 6, 

5 wherein the obstacle detection unit includes at least one 

of an ultrasonic sensor, a laser sensor, an infrared 

sensor, and a 3D sensor.  

8. The mobile robot of any one of claims 1 to 7, 

J wherein the controller is configured to: 

transmit the image data to a server or a terminal; 

request that the server or the terminal check the 

obstacle; and 

determine a type of the obstacle in response to 

5 response data received from the server or the terminal.  

9. The mobile robot of any one of claims 1 to 8, 

wherein the controller is configured to determine whether 

the body is confined due to the obstacle in response to a 

0 traveling state, and the mobile robot is configured to 

escape from a confinement situation in response to 

information on the obstacle, acquired from image data 

captured prior to when the controller determined that the 

body was confined.  

5 
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10. The mobile robot of claim 9, wherein the 

controller is configured to perform any one predetermined 

response motion among the plurality of response motions to 

prevent the body from being confined, in response to the 

5 information on the obstacle, thereby avoiding the 

obstacle.  

11. The mobile robot of claim 9, wherein the 

controller is configured to perform any one response 

D motion among the plurality of response motions to output 

warning for confinement when the obstacle is included as a 

candidate for causing the confinement situation.  

12. The mobile robot of claim 9, wherein the 

5 controller is configured to: 

calculate a moving distance of the body; 

determine that the body is confined when a moving 

distance for a set time is less than a set distance, 

transmit image data captured: 

0 at a previous predetermined time before a 

confinement time point at which the controller determined 

the confinement; or 

while traveling for a previous predetermined 

distance to a server; and 

5 acquire the information on the obstacle.  
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13. A method of controlling a mobile robot, the 

method comprising: 

while traveling, capturing an image in a traveling 

5 direction and storing image data, by an image acquirer; 

determining that an obstacle is positioned within a 

predetermined distance using an obstacle detection unit; 

determining a response motion, based on the 

determined obstacle and on the image data acquired prior 

D to a time point at which it is determined that the 

obstacle is positioned within a predetermined distance; 

starting the response motion at the time point; and 

operating based on the response motion and traveling 

to avoid and pass the obstacle, 

wherein determining the response motion includes 

setting a plurality of response motions depending on a 

shape of a detection signal input from the obstacle 

detection unit and selecting any one of the plurality of 

response motions based on the image data.  

0 

14. The method of claim 13, further comprising: 

analyzing the image data and detecting the obstacle: 

before a detection signal for the obstacle is 

input from the obstacle detection unit; and 

5 after an image is captured.  
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15. The method of claim 13, further comprising: 

when a detection signal for the obstacle is input 

from the obstacle detection unit, analyzing the image data 

5 and determining the obstacle.  

16. The method of any one of claims 13 to 15, 

further comprising: 

while traveling, determining whether a body is 

D confined due to the obstacle in response to a traveling 

state; and 

when determining that the body is confined, escaping 

from a confinement situation in response to information on 

the obstacle, acquired from the image data captured prior 

5 to a confinement time point at which it is determined that 

the body is confined.  

17. The method of claim 16, further comprising: 

performing any one of the plurality of response 

0 motions and avoiding the obstacle to prevent the body from 

being confined in response to the information on the 

obstacle.  

18. The method of claim 16 or claim 17, further 

5 comprising: 
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transmitting the image data to a terminal or a server; 

and 

analyzing the image data, recognizing the obstacle 

from image data captured before the body is confined, 

5 determining that the obstacle is a reason for confinement, 

and generating the information on the obstacle.  

100



 FIG. 1 

1/15



FIG. 2 

2/15



FIG. 3 

3/15



FIG. 4 

4/15



FIG. 5 

5/15



FIG. 6 

6/15



FIG. 7 

7/15



FIG. 8 

8/15



FIG. 9 

9/15



FIG. 10 

10/15



FIG. 11 

FIG. 12 

5 

11/15



FIG. 13 

12/15



FIG. 14 

FIG. 15 

5 

13/15



FIG. 16 

14/15



FIG. 17 

15/15


	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

