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ROBOTIC CLEANING DEVICE

TECHNICAL FIELD

The invention relates to a robotic cleaning device and to methods of

operating and teaching the robotic cleaning device to recognize and to

associate specific types of markers and their features with a specific area or

room and control its operation accordingly.

BACKGROUND

Robotic vacuum cleaners such as for example robotic vacuum cleaners are

known in the art. In general robotic vacuum cleaners are equipped with drive

arrangement in the form of a motor for moving the cleaner across a surface to

be cleaned. The robotic vacuum cleaners are further equipped with

intelligence in the form of microprocessor(s) and navigation means for

causing an autonomous behaviour such that the robotic vacuum cleaners

freely can move around and clean a space in the form of e.g. a room.

In many fields of technology, it is desirable to use robots with an autonomous

behaviour such that they freely can move around a space without colliding

with possible obstacles.

It is a desire to support the navigation and positioning of a robotic vacuum

cleaner, especially within complex environments and surfaces to be cleaned.

The navigation and positioning may thus be improved by using artificial

markers or artificial landmarks.

As an a example, robotic vacuum cleaners exist in the art with the capability

of more or less autonomously vacuum cleaning a room in which furniture

such as tables and chairs and other obstacles such as walls and stairs are

located. Traditionally, these robotic vacuum cleaners have navigated a room

by means of using e.g. ultrasound or light waves or laser beams. Further, the

robotic vacuum cleaners typically must be complemented with additional

sensors, such as stair sensors, wall-tracking sensors and various



transponders to perform accurately. Such sensors are expensive and affect

the reliability of the robot.

A large number of prior art robotic vacuum cleaner use a technology referred

to as Simultaneous Localization and Mapping (SLAM). SLAM is concerned

with the problem of building a map of an unknown environment by a mobile

robotic vacuum cleaner while at the same time navigating the environment

using the map. This is typically combined with a horizontally scanning laser

for range measurement. Further, odometry is used to provide an approximate

position of the robot as measured by the movement of the wheels of the

robot.

US 2002/0091466 discloses a mobile robot with a first camera directed

toward the ceiling of a room for recognizing a base mark on the ceiling and a

line laser for emitting a linear light beam toward an obstacle, a second

camera for recognizing a reflective linear light beam from the obstacle. The

line laser emits a beam in the form of straight line extending horizontally in

front of the mobile robot.

The use of a base mark on the ceiling and markers on the ceiling in general

poses certain disadvantages. First, the robot will need to have two cameras

with at least one camera "looking" up towards the ceiling and another camera

looking in the direction of movement and thus in the direction of the laser

beams from the horizontal line laser, this is expensive and complicates the

build up of the robot. Further, the user has to position at least one base mark

on the ceiling by using a chair or ladder.

In addition if the robotic vacuum cleaner can only rely on natural landmarks

or markers within a surface to be cleaned, or if the environment is too sterile,

too repetitive, thus if the signature of the environment is not rich enough, the

robotic cleaning device may run into problems during the navigation and

when it tries to identify its current position.

It is further difficult to communicate special information to the robotic

cleaning device.



SUMMARY

An object of the present invention is to solve the above mentioned problems

and to provide a robotic cleaning device that can navigate and position itself

accurately, that is efficient in its use and that provides a high flexibility to the

user.

A further object of the present invention is to provide a robotic cleaning

device that supports an efficient electric recharging of a robotic cleaning

device by a charging station and that enables the robotic cleaning device to

easily find and recognize the charging station.

Another object of the present invention is to provide methods of teaching and

operating the robotic cleaning device which allows an easy set up, which

methods enhance the programmability of the cleaning performed by the

robotic cleaning device and which later on enhances the accuracy of the

cleaning operation.

The above mentioned objects are solved by a robotic cleaning device and by

methods of teaching and operating a robotic cleaning device, as claimed in

the independent claims.

Disclosed herein is a robotic cleaning device comprising a body, an obstacle

detecting device configured to obtain data from a vicinity of the robotic

cleaning device. The robotic cleaning device comprises further a cleaning

member and a propulsion system, said propulsion system being configured to

drive the robotic cleaning device across a surface to be cleaned, wherein a

processing unit is arranged to extract and attain at least one feature from said

data obtained by the obstacle detecting device and compare the attained

feature with stored features and when the attained feature matches one of the

stored features, deduce a position of the robotic cleaning device.

Disclosed herein is further in an embodiment of the present invention a

robotic cleaning device comprising a body, an obstacle detecting device in the

form of a three dimensional (3D) sensor system, said 3D sensor system

comprising a camera being configured to record an image of at least a portion



of the vicinity of the robotic cleaning device. The 3D sensor system and the

camera, respectively, produces data from a vicinity of the robotic cleaning

device in the form of recorded images, from which the processing unit is

configured to extract the at least one feature from said image in order to

attain the feature and its position, compare the attained feature with stored

features and, when the attained feature matches one of the stored feature,

deduce a position of the robotic cleaning device.

The stored features may be stored in a database, which is integrated or at

least connected to a processing unit of the obstacle detecting device.

The obstacle detection device may comprise a 3D sensor system, which 3D

sensor system may be a laser scanner, a camera, a radar, etc.

The robotic cleaning device may thus perform a cleaning operation by

constantly observing and recording its vicinity while moving around on the

surface to be cleaned. When one of its many attained features match a stored

feature, the robotic cleaning device may perform an operation based on an

instruction associated with the stored feature. Thus it may be possible to

associate a stored feature, for example "kitchen", with the instruction "do not

clean", which will make the robotic cleaning device not cleaning the kitchen

as soon as one of its attained features does match the specific stored feature

"kitchen". The stored feature kitchen may either be derived from a specific,

artificial 3D marker or from recognizing the specific feature from the fridge,

stove, etc.

The 3D sensor system may comprise a camera device configured to record

images of a vicinity of the robotic cleaning device; and a first and second

vertical line lasers configured to illuminate said vicinity of the robotic

cleaning device. The processing unit may further be configured to derive the

positional data from the recorded images.

The 3D or vertical markers may be natural or artificial markers.



The attained features and the stored features may be derived from 3D

markers. The position of the 3D markers and thus the robotic cleaning device

may also be derived from the recorded images.

Once the robotic cleaning device has build up a map of the surface to be

cleaned, it will start to remember or attain where the stored features and the

associated rooms are located and the user may command the robotic cleaning

device to clean the "bathroom", which will lead to the robotic cleaning device

going straight to the bathroom and clean it.

Disclosed herein is further a method of teaching a robotic cleaning device

comprising the steps of:

- supplying information regarding markers to the robotic cleaning

device;

- deriving a feature from each type of marker, storing the generated

feature and assigning the stored feature to a specific room or area

via an interface arranged on the robotic cleaning device;

- positioning the markers in connection to the specific area to

which they are assigned; and

- programming the robotic cleaning device with instructions

assigned to each stored feature.

After the teaching phase the robotic cleaning device may start the cleaning by

autonomously moving, recognizing the positioned markers and attaining

their features and their position and the corresponding area assigned,

comparing the attained feature with the stored features and, when the

attained feature matches one of the stored features, controlling its operation

or movement according to instructions assigned to the said one stored

feature.

The method allows a user to easily install the robotic cleaning device and set

it up so that it may operate efficiently basically from when the set up is done.



The teaching phase, which may be done when the robotic cleaning device is

set to a teaching mode, is comparably short and it enables the user to control

the cleaning process easily. For example is it possible for a user to tell the

robotic cleaning device not to clean the specific area or room defined as

"kitchen", "bedroom" or "bathroom" at a certain time, since you may not

want to have your robotic cleaning device in the bedroom at night or in the

bathroom when you get ready in the morning. Further areas which are

forbidden for the robotic cleaning device such as the staircase can also be

taught to the robotic cleaning device so that it will not go further when it sees

the specific vertical marker that was assigned for example to the specific area

named "staircase". Each stored feature may be assigned to corresponding

instructions, in the case of the staircase this may be "turn around" or "don't

go".

The teaching phase may be done in the factory using 3D markers. Each of the

3D markers would then need to tagged with "kitchen", "bathroom",

"bedroom", "office", "living room", etc. so that a user only needs to install the

3D markers at an entrance to the corresponding room. The user may then,

after positioning the 3D markers, switch on the robotic cleaning device,

which will lead to the robotic cleaning device starting to move and clean and

at the same time learn about its environment or surface to be cleaned and the

position of the 3D markers and their corresponding stored features.

Disclosed herein is another method of operating a robotic cleaning device

comprising the steps of:

- obtaining data from a vicinity of the robotic cleaning device by an

obstacle detecting device;

- extracting at least one feature from said data in order to attain said

feature and its position by an obstacle detecting device; and

- comparing the attained feature with stored features; and



- controlling the operation of the robotic cleaning device according

to instructions assigned to one of the stored features, when the

attained feature matches one of the stored features.

The method allows to perform customized cleanings and to improve the

efficiency of the cleaning operation.

The obtained data may by in the form of an image, a picture, a map a 3D

representation of the room, etc.

In an embodiment the at least one feature may be attained from at least two

reflective elements having a predetermined vertical offset.

The two reflective elements may be used to mark the way to a charging

station configured to charge the robotic cleaning device or they may be used

to directly mark the charging station.

The vertical offset may be chosen to be in a range of 1to 10cm, preferably 2 to

cm, more preferably 3cm.

The may ease the recognition of the reflective markers and their offset,

respectively, by the robotic cleaning device.

The above mentioned attained feature may be attained from a vertically

arranged bar code.

In a preferred embodiment of the robotic cleaning device, the obstacle

detecting device may comprise the 3D sensor system and at least one line

laser, which is configured to illuminate the vicinity of the robotic cleaning

device.

The line laser improves the recording and the image quality of the 3D sensor

system by illuminating the vicinity of the robotic cleaning device.

In an embodiment the at least one line may be a vertical line laser.



This facilitates the build up of a 3D map of the environment the robotic

cleaning device is operating in.

In an embodiment the obstacle detecting device of the robotic cleaning device

are configured to record images of 3D object markers and derive and attain at

least one feature from at least one of the markers.

The 3D markers may preferably be 3D object markers that are at least

partially symmetric so that they look the same for the robotic cleaning device

from various horizontal directions from the surface to be cleaned.

The at least partially symmetrical 3D object markers may be completely

symmetric.

Using 3D object markers improves recognition by the obstacle detecting

device and thus the 3D sensor system and the processing unit.

The various types of different vertical markers may be configured as modular

sets of vertical and/or horizontal markers that may be extended depending

on the size and geometry of a surface that should be cleaned by the robotic

cleaning device.

It may be possible that the 3D object markers are everyday articles such as

symmetrical floorlamps, symmetrical chess figures, symmetrical vases,

symmetrical hall stands, symmetrical candle holders and so on.

This may create opportunities to use design objects as different vertical

markers for the robot. Since the robotic cleaning kit is designed as a home

appliance the use of everyday articles as vertical markers allows to combine a

technical cleaning kit with design features or furniture features, whereby the

design features are used and built into the actual technical appliance.

The everyday articles used as vertical markers may need to have a unique,

symmetrical shape for easy recognition by the robot.



The 3D markers may be comparably small discreet 3D object markers, which

are configured to be glued or stuck to a vertically extending object such as a

wall or furniture.

If a user does not want to have comparably big free standing 3D objects such

as high vases, hallstands or the like as vertical markers he may use the

comparably small discreet 3D objects which can be glued or stuck to the wall.

The small 3D objects may have a height from 5 to 20cm and can be discreetly

stuck next to electric outlets, comparably close to the floor. The 3D objects or

3D artificial markers may thus be installed in a range of ocm-socm from the

floor.

The 3D markers or objects may be configured to be stuck close to an

entrance, such as a door, gate or corridor in order to "show" the robotic

cleaning device which area or room it is about to enter.

In a further embodiment the processing unit may comprise a user interface

configured to receive input from a user regarding at least one attained feature

derived from at least one of the 3D object markers, in order to generate a

stored feature.

The user interface may also be used to give commands to the robotic cleaning

device and program it.

In a further embodiment the obstacle detecting device may comprise a

second vertical line laser, whereby the first and second vertical line lasers are

arranged laterally of the 3D sensor system.

A second vertical line laser may improve the ability of the obstacle detecting

device to recognize the vertical markers. The lateral positioning of the vertical

line lasers may better illuminate the angle in which the camera is operating.

Further, the vertical line laser may comprise an oscillating or vertically

rotating laser beam, which oscillates or rotates with a high frequency, so that

said line laser creates a vertical laser plane which vertically projects a vertical

laser line across a space or room.



The aforementioned method of operating the robotic cleaning device may

further comprise the step of installing different types of markers in close

proximity to entrances to different rooms, the robotic cleaning device being

configured to recognize and attain features and a position from at least one of

the installed markers and control its operation or movement according to

instructions assigned to the known feature of the at least one type of marker.

Advantageously the method further comprises the step of installing a

charging station and a unique charging station marker in close proximity to

the charging station, the robotic cleaning device being configured to

recognize and attain the unique charging station marker and its specific

feature in order to find its way to the charging station.

As stated above the use of a unique charging station marker improves the

ability of the robotic cleaning device to find its way to the charging station.

The unique charging station marker may further help the robotic cleaning

device to position itself better in order to actually connect to the charging

station.

Additionally the method may further comprise the step of programming and

teaching a processing unit of the robotic cleaning device via the interface so

that only some or one of the specific areas or rooms are/is cleaned at a time.

This gives the user a high flexibility and she/he can adjust the robotic

cleaning device according to her/his needs. The user interface may also

provide a function with a timer or the like so that the robotic cleaning device

does, for example, not clean during the night.

It is noted that the invention relates to all possible combinations of features

recited in the claims. Further features of, and advantageous with the present

invention will become apparent when studying the appended claims and the

following description. Those skilled in the art realize that different features of

the present invention can be combined to create embodiments other than

those described in the following.



The steps of any method disclosed herein do not have to be performed in the

exact order disclosed, unless explicitly stated.

Further the terms recognizable, discoverable, remarkably different, etc.

stated herein refer to the ability of the robotic cleaning device and not the

ability of a human eye.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described, by way of example, with reference to the

accompanying drawings, in which:

Fig la shows a surface with an installed robotic cleaning kit comprising a

robotic cleaning device according to the invention;

Figs lb to lg show enlarged portions of fig.ia illustrating various types of

different artificial vertical markers that may be used in the robotic cleaning

kit together with a robotic cleaning device according to the invention;

Fig. 2 shows in a more detail a top view of a robotic cleaning device of the

robotic cleaning kit according to the invention with some parts removed;

Fig. 3 shows a front view of a robotic cleaning device of the robotic cleaning

kit according to the invention; and

Fig. 4 shows a robotic cleaning kit according to the invention prior to

installation.

DETAILED DESCRIPTION

The invention will now be described more fully hereinafter with reference to

the accompanying drawings, in which certain embodiments of the invention

are shown. This invention may, however, be embodied in many different

forms and should not be construed as limited to the embodiments set forth

herein; rather, these embodiments are provided by way of example so that

this disclosure will be thorough and complete, and will fully convey the scope

of the invention to those skilled in the art. Like numbers refer to like

elements throughout the description.



Referring now to the figures, which show an exemplary embodiment of the

invention, a robotic cleaning kit or system l comprises a robotic cleaning

device 2 and a modular, artificial vertical marker set 4, as illustrated in figure

4. The robotic cleaning kit 1further comprises a charging station 6 configured

to recharge a battery (not illustrated) of the robotic cleaning device 2.

The robotic cleaning device 2 comprises an obstacle detecting device in the

form of 3D sensor system 12 comprising a first and a second line laser 8, 10,

which may be horizontal or vertical line lasers and a camera device 13.The

robotic cleaning device may further comprise a processing unit 14, a

propulsion system 20 comprising a driving wheel 16, a body 18 and a cleaning

member 22, as best illustrated in figures 2 and 3. The first and second line

lasers 8, 10 may preferably be vertical line lasers 8, 10 and they are arranged

adjacent but offset of the camera device 13 and configured to illuminate a

height and a width that is greater than the height and width of the robotic

cleaning device 2. Further, the angle of the camera device 13 is smaller than

the space illuminated by the first and second line lasers 8, 10 to make sure

that the camera device 13 is optimally used. The camera device 13 is

configured to take and record a plurality of images per second. Data from the

images, i.e. data obtained by the obstacle detecting device from the vicinity of

the robotic cleaning device, may be extracted by the processing unit 14 and

the data may be saved on an electronic storage medium 50 which is

connected or integrally formed with the processing unit 14.

The propulsion system 20 may, alternatively to the driving wheel 16,

comprise crawlers or even a hoover craft system.

The cleaning member 22 may comprise a brush roll, a floor mop, a cleaning

opening. In the case the robotic cleaning device 2 is a robotic cleaning device,

the cleaning member 22 may further comprise a suction fan connected to the

cleaning opening.

The propulsion system 20 the robotic cleaning device 1, as best illustrated in

figure 2, comprises two driving wheels 16. The driving wheels 16 may be



configured to be moved independently form each other via drives 11, 11' of the

propulsion system 20. Each of the driving wheels 16 may comprise a drive 11,

11'. The propulsion system 20 and thus the two the drives 11, 11' may be

connected to the processing unit 14 or control means. Each drive 11, 11' may

further include a suspension and a gear box for the according driving wheel

16.

The first and second vertical line laser 8, 10 are configured to scan, preferably

vertically scan, the vicinity of the robotic cleaning device 2, normally in the

direction of movement of the robotic cleaning device 2 . The first and second

line lasers 8, 10 are configured to send out laser beams, which illuminate

furniture, walls and other objects of a home or room. The 3D sensor system

12 and the camera device 13, respectively, takes and records images and the

processing unit 14 may create an image or layout of the surroundings the

robotic cleaning device 2 is operating in, by putting the pieces together and

by measuring the distance covered by the robotic cleaning device 2, while the

robotic cleaning device 2 is operating. The robotic cleaning device 2 is thus

configured to learn about its environment or surroundings by

operating/cleaning .

With reference to Figure 3, the processing unit 14 embodied in the form of

one or more microprocessors is arranged to execute a computer program

downloaded to a suitable storage medium 50 associated with the

microprocessor, such as a Random Access Memory (RAM), a Flash memory

or a hard disk drive. The processing unit 14 is arranged to carry out a method

according to embodiments of the present invention when the appropriate

computer program comprising computer-executable instructions is

downloaded to the storage medium 50 and executed by the processing unit

20. The storage medium 50 may also be a computer program product

comprising the computer program. Alternatively, the computer program may

be transferred to the storage medium 50 by means of a suitable computer

program product, such as a digital versatile disc (DVD), compact disc (CD) or

a memory stick. As a further alternative, the computer program may be

downloaded to the storage medium 50 over a network. The processing unit 14



may alternatively be embodied in the form of a digital signal processor (DSP),

an application specific integrated circuit (ASIC), a field-programmable gate

array (FPGA), a complex programmable logic device (CPLD), etc.

With respect to Figure 3, for illustrational purposes, the obstacle detecting

device and the 3D sensor system 12 is separated from the main body 18 of the

robotic cleaning device 2. However, in a practical implementation, the 3D

sensor system 12 is likely to be integrated with the main body 18 of the

robotic cleaning device 2 to minimize the height of the robotic cleaning device

2, thereby allowing it to pass under obstacles, such as e.g. a sofa.

The modular vertical marker set 4 comprises a plurality of various types of

artificial markers 24b-24g. The modular vertical marker set 4 may comprise a

plurality of pairs of identical types of markers 24b-24g, which pairs of

identical types of vertical markers 24b-24g may be installed on either side of

a doorframe that leads into a room, as illustrated in figure la. It may be

advantageous for the orientation of the robotic cleaning device 2 to install

two markers 24b-24g on either side of a doorframe; it is however also

possible to have only one vertical marker 24b-24g installed next to a

doorframe or on the doorframe.

The robotic cleaning device 2 and its processing unit 14, respectively, may

recognize and store at least one feature or characteristic, created when the

various types of vertical markers 24b-24g are illuminated by the first and

second laser 8, 10. The first and second lasers 8, 10 are however not

necessary to generate said feature, it is possible to derive a feature from a

marker 24b-24g or other object within a surface 52 to be cleaned, without the

first and second laser 8, 10. The feature comprises data that is extracted from

an image that is generated when the 3D sensor system 13 takes pictures while

the robotic cleaning device 2 is moving around. This is best illustrated in

figure la. The robotic cleaning device 2 is thus configured to learn, recognize

and store the various features of its environment. The installed markers 24b-

24g when they are mounted against a wall.



Preferably a plurality of features may be extracted and stored from each of

the vertical markers 24b-24g. The more features or characteristics are

derived from a vertical marker 24b-24g, the better can the robotic cleaning

device recognize and identify the artificial marker 24b-24g.

In order to teach the robotic cleaning device 2 to record and recognize the

various markers 24b-24g and their feature, the robotic cleaning device 2 may

be positioned in front of a vertical reference surface and then a user may

temporarily install the markers 24b-24g, one after the other. An image of

each type of marker 24b-24g is then taken by an obstacle detecting device,

the image is analysed and at least one feature is attained and stored in a

database, which for example is located on the storage medium 50. The

attained feature stored in the database is forming a stored feature. Thus each

different type of marker 24b-24g has at least one associated stored feature in

the database. There may be more than one stored feature in the database for

each different type of marker 24b-24g.

The processing unit 14 may comprise a user interface 44, as illustrated in

figure 2. The user interface 44 may be configured to allow a user to enter a

specific name for each of the various types of markers 24b-24g and their

assigned room or area, right after the scanning on the reference surface, so

that a user may install the marker 24b-24g after the reference scanning at the

entrance to the corresponding named room or area, which is assigned to the

installed marker 24b-24g.

For example, the user may want to name and flag the kitchen to the robotic

cleaning device 2, therefore a specific pair of or one specific marker 24b-24g

is temporarily installed on the vertical reference surface, then scanned and

the feature is recorded by the robotic cleaning device 2, then the name of the

room or area associated with the specific marker and its feature or pair of

vertical markers 24 as well as instructions regarding what to do when the

specific stored feature is recognized may be typed into the user interface 44

and saved by the processing unit 14. After that, as a last step, the specific pair

or one of the specific markers 24b-24g may be installed at the entrance to the



kitchen. When the robotic cleaning device 2 is now set to a cleaning mode to

clean the surface 52 it will record images, derive and attain features from the

images and compare those attained features with stored features from the

database. When the attained feature matches the stored feature for "kitchen",

the robotic cleaning device 2 will perform according to instructions assigned

to the specific stored feature for "kitchen". The user may have decided that

the kitchen should not be cleaned (instruction), and the robotic cleaning

device 2 will thus turn away or go back when an attained feature matches the

stored feature for "kitchen". The present invention thus allows telling or

teaching the cleaning robotic cleaning device 2 not to enter the kitchen or

clean the kitchen only at a certain time of the day etc. The method and the

robotic cleaning device also enable the user to set and mark no-go areas such

as staircases or other thresholds.

After a certain time of operating, the robotic cleaning device 2 will also

remember where the stored feature and thus the installed markers 24b-24g

are positioned within the cleaning surface 52 and the map build up by the

robotic cleaning device 2 itself.

The robotic cleaning device 2 may be configured, among others, to work in

the teaching or learning mode and in the cleaning mode. Thus after the above

described teaching process, which is done in a teaching mode, the robotic

cleaning device 2 may be switched to the cleaning mode in which it

autonomously starts to operate and clean the surface 52, whereby it will

recognize the different markers 24b-24g and their corresponding feature

taught, said markers being now placed at the entrance to the correspondingly

named room or area as best illustrated in figure la.

Figure la illustrates the exemplary surface 52 of a home comprising various

rooms or areas, such as a toilet 54, staircase 56, a first bedroom 58, a second

bedroom 60, a third bedroom 62, an office 64 and a kitchen 66. Each of the

mentioned rooms, is marked by a pair of one type of a special marker 24b,

24c, 24d, 24 , 24f, 24g, as illustrated in figures lb, ic, id, le, if, ig. Since each

of the pair of different types of markers 24b, 24c, 24d, 24 , 24f, 24g and its



typical feature has been shown and taught to the robotic cleaning device 2 ,

the robotic cleaning device 2 will recognize the pairs of vertical markers 24b,

24c, 24d, 24 , 24f, 24g and, for example not proceed further when it spots the

special half-round 3 dimensional shape of the specific vertical marker 24g

used to mark the area "staircase" in figure lg. As can be seen from figures lb

to lg, each of the unique different markers 24b, 24c, 24d, 24 , 24f, 24g has a

3-dimensional (3D) shape and is at least partially symmetric in view of a

vertical plane comprising a centre axis A of the vertical markers and oriented

perpendicular to a surface defined by a wall 68 on which the marker 24b, 24c,

24d, 24 , 24f, 24g is installed.

All the makers 24b, 24c, 24d, 24 , 24f, 24g illustrated in figures lb to lg

comprise a partially circular shape, besides the unique charging station

marker 40, 24f, illustrated in figure if, which will be described later herein.

The markers 24b, 24c, 24d, 24 , 24g illustrated in figures lb, I C, id, le and lg

comprise partially circular shapes which look the same when installed on a

wall 68 and when observed from various positions from the floor. Thus no

matter in what angle the robotic cleaning device 2 approaches a specific

marker 24b, 24c, 24d, 24 , 24g, the signature created by the vertical line

lasers 8, 10 will be the same or at least very similar so that the robotic

cleaning device 2 knows which specific marker 24b, 24c, 24d, 24 , 24g is in

front of it.

Fig. lb illustrates a specific marker 24b comprising top and bottom segments

in form of truncated cones and a cylindrical middle segment. The marker 24b

as illustrated is cut in half along the central vertical axis, however it could

also be cut along a vertical plane that does not extend through the center axis

A, same is valid for the markers 24c, 24d, 24 , 24g shown in figures ic, id, ιε
and lg.

Fig. i c illustrates a specific marker 24c, that consists of a cut ball-shape. As

mentioned the ball shape may be cut in half but it may be cut along a plane

that is arranged eccentric to the centre of the ball.



l8

Fig. id illustrates a specific marker 24d, which comprises of three disc

segments placed in a known vertical distance B, C from each other. By

varying the vertical distances B, Cbetween the disc segments, it is possible to

create various different types of markers 24d from the embodiment shown in

figure id alone. This becomes even clearer when one realizes that the robotic

cleaning device 2 is able to measure and thus recognize distances between the

disc segments. The vertical distances B, C can be the same or they can differ

from each other. In case the vertical distance are not the same, these two

different distance B, C create two different features from the artificial marker

24d.

Fig. le illustrates a specific marker 24 , which may be a cylinder segment. As

mentioned above the cylinder segment may be a half-cylinder or it may be cut

along a plane that does not extend through the center axis.

Fig. ig illustrates a further embodiment of a specific marker 24g comprising a

center axis A to which center axis the marker 24g is at least in one direction

symmetric. The marker 24g illustrated in fig. ig is quite specific and has a

special shape.

Fig. if illustrates a specific unique charging station marker 40, comprising

two reflective elements 42 in the form of stripes. Since the robotic cleaning

device 2 is configured to remember and store the position of the charging

station 6, which in the example of figure la is located in the office 64, the

unique charging station marker 40 is, among others, also configured to show

and guide the robotic cleaning device 2 into the charging station 6. Due to the

use of reflective elements 42, the signature and the attained at least one

feature thereof is special and easily recognizable by the processing unit 14

and the camera, respectively of the robotic cleaning device 2. The two

reflective elements 42 are arranged with a vertical offset A. This offset may be

in the range of 1to 10cm.

The unique charging station marker 40 may be positioned either directly on

the charging station 6 or it may be positioned at least in close proximity to



the charging station 6. Positioning the unique charging station marker 40 on

the charging station 6 may have the advantage that this could be done

directly in the factory side prior to selling the robotic cleaning kit 1and that

in case the charging station 6 is moved to another place within the surface 52

to be cleaned, the unique charging station marker 40 follows and the robotic

cleaning device 2 finds the charging station 6.

Since the robotic cleaning device 2 now knows each room or area basically by

name, the user can adjust, control and program the whole cleaning process. It

may even be possible to tell the robotic cleaning device 2 when to clean which

room or area via the interface 44. For example the user may be able to tell the

robotic cleaning device 2 that the kitchen 66 should be cleaned after

preparation of the meal. Since the robotic cleaning device 2 learned and

stored the layout of the cleaning surface 52 and thus knows where the kitchen

is located, as illustrated in figure id, the robotic cleaning device 2 performs

the cleaning operation after the programmed point in time. The various types

of markers 24b-24g thus help the robotic cleaning device 2 to navigate and

they also improve the navigation of the robotic cleaning device 2 on the

surface 52 to be cleaned.

The various types of markers 24b, 24c, 24d, 24 , 24f, 24g are configured to be

glued or stuck to the wall 68, preferably lower than the light switches close to

the electric sockets.

However, the different markers 24b-24g do not need to be configured to be

stuck or glued to the wall 68. The various types of different markers 24-24g

may be configured to be standing freely in the room and may thus be

everyday articles such as candle holders 32, hallstands, vases with special

shapes that can be recognized by the robotic cleaning device 2 or special

objects like chess figures (pawn 28, queen or rook), which may also be

recognized by a robotic cleaning device 2. When freely standing objects are

used as markers 24b-24g for the robotic cleaning device 2, there is however, a

slight risk that they may be moved around by a person and that they then

may confuse the robotic cleaning device 2.



The various types of different markers 24b-24g have a height profile which

creates a specific vertical signature, when the vertical markers 24b-24g are

illuminated by the vertical line lasers 8, 10.

In addition, the various types of different vertical markers 24b-24g do not

require any electric or other power and are configured to work as passive

markers that can be easily installed and positioned without additional

accessories.

Various bar codes may also be used as markers 24b-24g, as illustrated in

figure 4. The bar codes may be configured to be glued or stuck to a wall, like

the specific markers illustrated in figures lb to lg. If bar codes are used, the

obstacle detecting device should comprise line lasers 8, 10.

Figure 4 illustrates the robotic cleaning kit 1comprising the charging station

6 configured to be connected to an electric socket via a plug, the robotic

cleaning device 2 and a modular set of various markers 4. The modular set of

various markers 4, exemplary illustrated in figure 4, comprises the candle

holder 32, the pawn 28, some kind of a lego piece 70 and a cylinder 76. Since

the modular set of various markers 4 is configured to be modular a plurality

of modular sets of various markers 4 may be designed and used, some of the

sets may comprise pairs of specific types of different markers 24b-24g. The

user of the robotic cleaning kit 1may always buy additional types of vertical

markers 24b-24g if needed.

The invention has now been described by a robotic cleaning device 2

comprising vertical line lasers 8, 10, which may vertically scan various types

of markers 24b-24g.

It is also possible and falls within the scope of the invention to use horizontal

line lasers and various types of horizontal markers, which extend in a

horizontal direction and which have a specific horizontal profile.

The robotic cleaning kit 1has now been described using a few of the almost

indefinite amounts of various types of markers 24b-24g. Many shapes or



types of vertically extending and at least partially or completely symmetric

objects may fulfil the requirements to function as a specific type of marker

24b-24g. One of the only limiting requirements to a marker 24b-24g may be

that it is easily portable by a person. The different markers 24b-24g may be

various types of vertical markers 24b-24g which have a specific vertical

signature along their height.

The embodiment according to the invention has now been described by using

markers 24b-24g to generate the stored and attained features. Due to the

capability of the obstacle detecting device and the processing unit 14 of the

robotic cleaning device 2 it is however possible to teach the robotic cleaning

device 2 the surface 52 and its areas and rooms to be cleaned by using

common objects that can be found in a home, as markers (not illustrated).

The staircase 56 for example, has quite a special shape in a home and may be

easily recognizable by the robot 2 without using markers 24b-24g. Same is

valid for other rooms, such as the kitchen with the stove as potential marker

24b-24g, etc.

Thus the scope of the invention is not limited to markers 24b-24g as shown

in the figures and as described herein. The markers may incorporate any

suitable object or shape arranged or positioned in the area to be cleaned.

Examples for such markers may be vases, TV-screens, furniture, lamps,

bathtubs, etc.

The invention has mainly been described above with reference to a few

embodiments. However, as is readily appreciated by a person skilled in the

art, other embodiments than the ones disclosed above are equally possible

within the scope of the invention, as defined by the appended patent claims.



CLAIMS

1. A robotic cleaning device comprising:

- a body (18),

- an obstacle detecting device configured to obtain data from a vicinity of

the robotic cleaning device;

- a propulsion system (20), being configured to drive the robotic cleaning

device (2) across a surface (52) to be cleaned; and

- a cleaning member (22);

- characterized in that a processing unit (14) is arranged to extract

and attain at least one feature from said data obtained by the obstacle

detection device, compare the attained feature with stored features and

when the attained feature matches one of the stored features, deduce a

position of the robotic cleaning device.

2. The robotic cleaning device according to claim 1, wherein said obstacle

detection device comprises a 3D sensor system (12);

3. The robotic cleaning device according to claim 2, said 3D sensor system

(12) comprising:

- a camera device (13) configured to record images of a vicinity of the

robotic cleaning device; and

- a first and second vertical line lasers (8, 10) configured to illuminate

said vicinity of the robotic cleaning device;

- the processing unit (14) further being configured to derive the

positional data from the recorded images.

4. The robotic cleaning device according to any of claims 1to 3, wherein

said at least one feature is attained from at least two reflective elements

having a predetermined vertical offset (A).



5. The robotic cleaning device according to claim 4 wherein the vertical

offset (A) is in the range of l-iocm, preferably 2 to 6cm, more preferably

3cm.

6. The robotic cleaning device according to any of claims 1to 5, wherein

said at least one feature is attained from a vertically arranged bar code.

7. The robotic cleaning device according to claim 3, wherein the camera

device (13) is configured to record images of artificial 3D object markers

(24b-24g) and derive a position of the artificial 3D object markers and

attain at least one feature from at least one of the artificial markers (24b-

24g).

8. The robotic cleaning device according to claim 7, wherein the processing

unit (14) having a user interface (44) configured to receive input from a

user regarding at least one attained feature derived from at least one of the

3D object markers (24b-24g), in order to generate a stored feature.

9. A method of teaching a robotic cleaning device (2) comprising the steps

of:

- supplying information regarding artificial markers (24b-24g) to

the robotic cleaning device (2);

- deriving a feature from each type of artificial marker (24b-24g),

storing the generated feature and assigning the stored feature to

a specific area via an interface (44) arranged on the robotic

cleaning device (2);

- positioning the artificial markers (24b-24g) in connection to the

specific area to which they are assigned; and

- programming the robotic cleaning device (2) with instructions

assigned to each stored feature.



10. A method of operating a robotic cleaning device comprising the

steps of:

- obtaining data from a vicinity of the robotic cleaning device by an

obstacle detecting device;

- extracting at least one feature from said data in order to attain said

feature by a processing unit (14); and

- comparing the attained feature with stored features; and

- controlling the operation of the robotic cleaning device according

to instructions assigned to one of the stored features, when the

attained feature matches one of the stored features.

11. The method according to claim 10, wherein the data is generated by a

camera device (13) in the form of an image.

12. The method according to claim 10 or 11, further comprising the

step of installing different types of artificial markers (24b-24g) in close

proximity to entrances to different rooms, the robotic cleaning device

being configured to recognize and attain features and a position from at

least one of the installed artificial markers (24b-24g) and perform an

operation according to instructions assigned to the known feature of the at

least one type of artificial marker (24b-24g).

13. The method according to any of claims 10 to 12, further

comprising the step of installing a charging station (6) and a unique

charging station marker (40) in close proximity to the charging station (6),

a processing unit 14 being configured to recognize and attain the unique

charging station marker (40) and its specific feature in order to find its

way to the charging station (6).

14. The method according to any of claims 10 to 13, further

comprising the step of programming the processing unit (14) of the robotic



cleaning device (2) via an interface (44) so that only some or one of specific

areas or rooms are/is cleaned at a time.

15. A robotic cleaning kit comprising a robotic cleaning device (2)

according to any of claims 1to 8 and a set of 3D object markers (4).
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