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(57) Abstract: The present invention relates to a robot positioning system and a method of positioning a robot. The robot position
ing system comprises a camera, a processing unit and at least a first line laser. The first line laser is arranged to illuminate a space by

o projecting vertical laser lines within field of view of the camera. The camera is arranged to record a picture of the space illuminated
by the vertical laser lines, and the processing unit is arranged to extract, from the recorded picture, image data representing a line

o formed by the vertical laser lines being reflected against objects located within the space. The processing unit is further arranged to
create, from the extracted line, a representation of the illuminated space along the projected laser lines, in respect of which the robot
is positioned.



ROBOT POSITIONING SYSTEM

TECHNICAL FIELD

The present invention relates to a robot positioning system and a method of

positioning a robot.

BACKGROUND

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.

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. 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.

A large number of prior art robot vacuum cleaners 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

robot 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.



SUMMARY

An object of the present invention is to solve, or at least mitigate these

problems in the art and provide an improved robot positioning system.

This objective is attained in a first aspect of the present invention by a robot

positioning system comprising a camera, a processing unit and at least a first

line laser. The first line laser is arranged to illuminate a space by projecting

vertical laser lines within field of view of the camera. The camera is arranged

to record a picture of the space illuminated by the vertical laser lines, and the

processing unit is arranged to extract, from the recorded picture, image data

representing a line formed by the vertical laser lines being reflected against

objects located within the space. The processing unit is further arranged to

create, from the extracted line, a representation of the illuminated space

along the projected laser lines, wherein the robot is positioned with respect to

said representation.

This object is attained in a second aspect of the present invention by a

method of positioning a robot. The method comprises the steps of

illuminating a space with at least a first line laser projecting vertical laser

lines within field of view of a camera, and recording, with the camera, a

picture of the space illuminated by the vertical laser lines. Further, the

method comprises the steps of extracting, from the recorded picture, image

data representing a line formed by the vertical laser lines being reflected

against objects located within the space, and creating, from the extracted line,

a representation of the illuminated space along the projected laser lines,

wherein the robot is positioned with respect to said representation.

Advantageously, the robot positioning system according to embodiments of

the present invention creates a representation of the environment in which

the system is set to operate by recording image data being a result of light

reflected against objects located within the illuminated environment. A prior

art positioning sensor normally executes thousands of measurements every

second in order to produce large amounts of data that must be processed for

positioning the robot on which the positioning sensor is arranged. To the



contrary, the robot positioning system of the present invention executes an

equal amount of measurements, but only uses a small amount of the resulting

data for positioning. The robot positioning system of the present invention

only considers image data recorded along a planar surface achieved by the

vertical laser lines projected by the line laser. This difference compared to

prior art positioning sensors is even more stressed in case the environment

for which a representation is to be created contains many objects, since every

small detail will be represented by processing a relatively small amount of

image data. In contrast to many prior art robot positioning systems, no floor

sensor is required for e.g. preventing the robot from accidentally falling down

a stair.

Further advantageous is that the robot positioning system can be used to

detect dust and debris in front of a robotic vacuum cleaner on which the

positioning system can be arranged. Even small particles on the floor

illuminated by the line lasers will reflect considerably more light then a clean

floor and can easily be detected by recording variation of the reflected light.

Yet another advantage is that even without undertaking a complex analysis of

the picture and building a complete representation of the environment,

pixel/image data of a recorded picture can be used directly to detect

obstacles, edges and walls. Each pixel can be regarded as an obstacle detector

for a small point in space, and every pixel detecting laser light can easily be

translated to how much further the robot can move until it hits an object.

Thus, the robot positioning system according to embodiments of the present

invention enables provision of accurate and relevant data to navigate past

obstacles at close distance.

In a further embodiment of the present invention, the robot positioning

system further comprises a second line laser arranged to illuminate the space

within field of view of the camera by projecting vertical laser lines. In this

particular embodiment, the process unit is arranged to extract, from the

recorded picture, image data representing a respective line formed by the

vertical laser lines of the first and second line laser being reflected against an



object located in the space. Further, the processing unit is arranged to create,

from the respective extracted line, a representation of the illuminated space

along the projected laser lines of the first and second line laser.

Advantageously, in case of using two light sources, positioning accuracy is

improved, and the recorded pictures will contain more information for

facilitating the creation of a detailed representation of the environment in

which the robot positioning system operates.

In a further embodiment of the present invention, the first and second line

lasers are arranged on a respective side of the camera along an axis being

perpendicular to an optical axis of the camera. Advantageously, with this

arrangement, the respective line laser can be mounted as far as possible from

the camera, thus illuminating a greatest possible space.

In yet another embodiment of the present invention, an optical filter is

arranged at the camera, which optical filter is adapted to a wavelength of the

light emitted by the first (and second) line laser. Advantageously, the camera

can be made sensitive to the particular wavelength used by the line laser(s),

thus only recording reflected light from the line lasers.

In one embodiment, the camera is a Complementary Metal Oxide

Semiconductor (CMOS) camera.

In still another embodiment of the present invention, the robot positioning

system is arranged to be rotatable around a vertical axis. This can be achieved

by having the robot positioning system fixedly mounted to the robotic

vacuum cleaner and rotating the vacuum cleaner, or by having the robot

positioning system rotatably mounted to the robotic vacuum cleaner.

Advantageously, the robot positioning system can be set to rotate and the

camera will record pictures of the complete environment in which the

vacuum cleaner is set to operate. A complete representation of the

environment can thus be attained.



In yet another embodiment of the present invention, the robot navigation

system further comprises a positioning system for estimating an

instantaneous position of the robot positioning system. This is advantageous

since an origin of coordinates can be established for each recorded picture,

and thus ultimately for the created representation.

In a further embodiment of the present invention, the image data is mapped

to a coordinate system of a sensor array of the camera. Advantageously, each

image feature of a recorded picture can thus be associated with a unique

coordinate by utilizing the sensor array coordinate system. The created

representation will thus be associated with a coordinate system for

facilitating positioning of the robotic vacuum cleaner.

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

recited in the claims. Further features of, and advantages 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.

BRIEF DESCRIPTION OF THE DRAWINGS

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

accompanying drawings, in which:

Figure l shows a robot positioning system according to an embodiment of the

present invention;

Figure 2a shows a top view of a robotic vacuum cleaner being arranged with a

robot positioning system according to an embodiment of the present

invention;

Figure 2b shows the top view of Figure 2a with field of view of the camera

indicated according to an embodiment of the present invention;



Figure 2c shows a side view of a robotic vacuum cleaner arranged with a

robot positioning system according to an embodiment of the present

invention;

Figures 3a and 3b illustrate a procedure of creating a representation of the

environment in which a robot operates by using the robot positioning system

according to an embodiment of the present invention;

Figure 4 shows a flowchart of a method of positioning a robot according to an

embodiment of the present invention;

Figure 5 shows a flowchart of a method of positioning a robot according to

another embodiment of the present invention; and

Figure 6 illustrates a robot positioning system according to a further

embodiment of the present invention.

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. It should be noted that the robot

navigation system according to embodiments of the present invention uses

SLAM for positioning. SLAM is well known in the art and will not be

discussed in any further detail.

Figure 1shows a robot positioning system according to an embodiment of the

present invention. The robot positioning system 10 comprises a chassis 11 in

which a light detector 12 such as a CMOS camera is located as well as two

light sources 13, 14 in the form of line lasers. The line lasers 13, 14 are

arranged to project vertical laser lines within field of view of the CMOS

camera 12. The CMOS camera 12 will repeatedly record pictures of the space



illuminated by the two line lasers 13, 14 such that a representation of the

illuminated space can be created for accurate positioning. It should be noted

that in an embodiment of the present invention, the robot positioning system

comprises a single light source. However, in case of using two light sources,

positioning accuracy is improved, and the recorded pictures will contain

more information for facilitating the creation of a detailed representation of

the environment in which the robot positioning system operates. Throughout

the description, the use of two line lasers will be described.

Data processing and derivation of a representation of the illuminated space is

typically performed by a processing unit 15 embodied in the form of one or

more microprocessors arranged to execute a respective computer program 16

downloaded to a suitable storage medium 17 associated with the

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

or a hard disk drive. The processing unit 15 is arranged to at least partly carry

out the method according to embodiments of the present invention when the

appropriate computer program 16 comprising computer-executable

instructions is downloaded to the storage medium 17 and executed by the

processing unit 15. The storage medium 17 may also be a computer program

product comprising the computer program 16. Alternatively, the computer

program may be transferred to the storage medium by means of a suitable

computer program product, such as a floppy disk or a memory stick. As a

further alternative, the computer program 16 may be downloaded to the

storage medium 17 over a network. The processing unit 15 may alternatively

be embodied in the form of an application specific integrated circuit (ASIC), a

field-programmable gate array (FPGA), a complex programmable logic device

(CPLD), etc. It should further be noted that in case the robot positioning

system 10 is integrated with a device such as a robotic vacuum cleaner, the

robot positioning system may utilize the microprocessor already available in

the vacuum cleaner.

The robot positioning system 10 is typically mounted onto an appliance such

as a robotic vacuum cleaner or floor washer. When mounted onto a robotic

appliance, the robot positioning system is in an embodiment of the present



invention arranged such that it can rotate around a vertical axis. This can be

achieved by having the robot positioning system 10 fixedly mounted to the

robotic vacuum cleaner and rotating the vacuum cleaner, or by having the

robot positioning system 10 rotatably mounted to the robotic vacuum

cleaner.

Figure 2a illustrates a top view of a robotic vacuum cleaner 20 being arranged

with a robot positioning system according to an embodiment of the present

invention, where the two line lasers 13, 14 each illuminate a space 21 being

located in the field of view of the CMOS camera 12 by means of vertical laser

lines 22, 23. The respective line laser 13, 14 should be mounted as far as

possible from the CMOS camera 12, thus illuminating a greatest possible

space 21. Further, the robot positioning system should be placed as high as

possible on the robotic vacuum cleaner to create the best overview of the

environment in which the robotic vacuum cleaner is to operate.

With a CMOS camera 12 and at least one line laser 13, 14, every picture taken

with the camera can be used to create a representation of a part of the

illuminated space along the emitted laser beams 22, 23. As the robot

positioning system and/or the complete robotic vacuum cleaner onto which

the robot positioning system is mounted moves and rotates, the camera 12

repeatedly takes pictures which contains information from which image data

can be derived in order to create a representation of the environment located

within the space 21 illuminated by the lasers. In an embodiment, rotating the

robot positioning system 360 degrees while repeatedly taking pictures will

create a plurality of pictures containing information in the form of image data

from which an extremely detailed representation of the geometry of the

environment can be created.

The CMOS camera 12 can also be used to locate beacons and transponders in

the environment as long as they emit with the same wavelength as the laser.

Robotic vacuum cleaners must be capable of moving freely about a space and

are thus battery-driven. It should be noted that there is no need for an active



beacon on the charging station of the vacuum cleaner of the present

invention, since the charging station can be identified and located by its

shape or a specific reflecting pattern on its front.

Figure 2b illustrates a top view of a robotic vacuum cleaner 20 being

arranged with a robot positioning system according to an embodiment of the

present invention, where the two line lasers 13, 14 each illuminate a space 21

being located in the field of view of the CMOS camera 12 by means of vertical

laser lines 22, 23.

As in Figure 2a, the first line laser 13 and the second line laser 14 are

arranged on a respective side of the camera 12 along an axis being

perpendicular to an optical axis of the camera. Further, as can be seen in

Figures 2a and 2b, the line lasers 13, 14 are directed such that their respective

laser beams 23, 22 intersect within the field of view of the camera 12.

Typically, the intersection coincides with the optical axis of the camera 12.

Advantageously, directional configuration of the line lasers 13, 14 and field of

view 24 of the camera 12 are arranged such that the width wc of the

illuminated space 21 located within the field of view 24 of the camera 12 is

greater than the width WR of the robotic vacuum cleaner 20. Hence, the line

lasers 13, 14 are directed such that the camera 12 having a selected field of

view 24 is able to capture an illuminated space 21 having a width wc greater

than the width WR of the robotic vacuum cleaner 20. This is useful for

detecting obstacles, since the robot 20 is able to perceive obstacles appearing

at least along its complete width WR.

Figure 2c illustrates a side view of the robotic vacuum cleaner 20 shown in

Figures 2a and 2b arranged with a robot positioning system according to an

embodiment of the present invention. In analogy with that set forth in

connection to Figure 2b, the directional configuration of the line lasers

causing the laser beams 22, 23 and the field of view 24 of the camera 12 are

advantageously arranged such that the height he of the illuminated space 21

which is located within the field of view 24 of the camera 12 is greater than



the height IIR of the robotic vacuum cleaner 20. Hence, the line lasers are

directed such that the camera 12 having a given field of view 24 is able to

capture an illuminated space 21 having a height he greater than the height IIR

of the robotic vacuum cleaner 20. Again, this is useful for detecting obstacles,

since the robot 20 is able to perceive obstacles appearing at least along its

complete height IIR.

In a further embodiment of the present invention, the robot positioning

system of the present invention comprises a dust sensor for detecting dust,

debris and/or particles illuminated by the line lasers 13, 14. The dust sensor

may in practice be implemented by the previously discussed microprocessor

15 executing an appropriate computer program for attaining dust sensing

functionality in a robotic vacuum cleaner being equipped with robot

positioning system. Thus, the line lasers 13, 14 illuminates a space 21 of which

the camera records pictures. From these pictures, image data may be

extracted clearly indicating the illuminated particles. In case the robotic

vacuum cleaner encounters an area comprising particles, these will light up,

and may thus be distinguished from a clean, particle-free floor by using

image processing. The robotic vacuum cleaner may thus advantageously be

controlled on the basis of this information. For instance, suction capacity

may temporarily be increased when passing over an area comprising a great

number of particles, or the vacuum cleaner may be controlled to go over the

area a couple of times to ensure that all dust and debris are removed.

With reference to Figures 3a and 3b, an embodiment of the present invention

will be described illustrating a procedure of creating a representation of the

environment in which a robot operates by using the robot positioning system

of the present invention, with respect to which representation the robot can

be positioned. The line lasers 13, 14 are controlled to emit light to create a

respective vertical laser line 22, 23, while the CMOS camera 12 is operated to

repeatedly take pictures. In order to minimize detrimental effects of ambient

light, the line lasers are optionally controlled to emit light at a highest

possible effect. Further, an optical filter can be arranged in front of the CMOS



camera to make the camera more perceptive to the light emitted by the line

lasers.

The estimated position of the robot is recorded at the time of taking the

respective picture by applying dead reckoning. This is a known method where

a current position is calculated by using data pertaining to a previously

determined position. Image data of each picture is filtered for noise reduction

and a line defining the respective vertical laser lines is extracted using any

appropriate edge detection method, such as e.g. the Canny edge detection

algorithm. Since the respective line extracted from the image data may be

grainy, image processing may be further enhanced by extracting the center of

the laser lines present in the picture, using for instance the so called center of

gravity method on adjacent pixel values in the respective edge detected laser

line to calculate the center of the laser line.

Since a CMOS camera is equipped with a light sensor array, where each

individual light sensor (i.e. pixel) in the array represents detected light from a

unique position in space, a recorded picture will contain image data

representing objects that the line lasers have illuminated, which image data

further can be associated with unique coordinates. Subsequently, a list of

coordinates where the center of the laser lines runs in the sensor array, i.e. in

the recorded picture, is derived. Advantageously, these coordinates will have

a much higher resolution then the picture pixels they were extracted from,

since each laser line center coordinate is calculated from several pixels and

the registered light in all those pixels.

With reference to Figures 3a and 3b, and the flowchart of Figure 4 illustrating

a method according to an embodiment of the present invention, as the

robotic vacuum cleaner 20 moves about a room to be cleaned, the first and

second line laser 13, 14 illuminates in step S101 the space 21 in a field of view

of the CMOS camera 12 by means of vertical laser lines 22, 23, respectively.

The camera 12 records, in step S102, pictures of the illuminated space 21.

Thereafter, image data representing a line formed by the respective vertical

laser lines 22, 23 are extracted in step S103 from the recorded picture(s),



From these extracted line, a representation of the illuminated space along the

projected laser lines is created in step S104 since the extracted lines can be

associated with unique coordinates in the space 21. A first obstacle in the

form of a threshold 31 and a second obstacle in the form of a wall 32 is

illuminated by the line lasers. In Figure 3b, since each individual light sensor

of the CMOS camera 12 represents a unique position in space, a recorded

picture contains image data which represents illuminated objects and their

particular coordinates in the space 21. Thus, the representation of the

illuminated space along the projected laser lines will appear as a cross section

of the room along the planar surface formed by the emitted laser lines 22, 23.

As can be seen the threshold 31 and the wall 32 can be found in Figure 3b.

Further, it can be calculated with high accuracy where the objects are located

in the room. For instance, the distance to the threshold 31 is 0.5 m, the

threshold is 0.1 m high and 0.15 m wide, and so on. As the position of the

robot was recorded when the picture was taken, a plurality of these 2D

representation can be transformed into 3D space and used to build a

complete 3D map of the room as the robot moves and continuously records

further sections of the room.

Figure 5 illustrates a method according to a further embodiment of the

present invention where the representation is created by means of. Steps

S101-S103 are identical to those described with reference to Figure 4. In an

additional step Si03b, the image data of the currently recorded picture is

compared with image data of at least one previously recorded picture. This

could be the directly preceding recorded picture, or an earlier recorded

picture. Comparison can be made with even further earlier recorded pictures.

Then, in step S103C, the line extracted from the currently recorded picture is

adjusted on the basis of the comparison of the different sets of image data by

using dead reckoning. Thus, by utilizing knowledge pertaining to previously

known positions, a current position can be better estimated, and in case of

disturbances (i.e. noise) in the picture, the noise can be filtered out since the

noise is not likely to move across the picture in a way that is expected when

comparing pictures with known relative movement in relation to each other.



Finally, in step S104', a representation of the illuminated space along the

projected laser lines is created from the adjusted extracted line, Thus, by

means of comparing currently recorded image data with the representation

made from previously recorded image data and applying dead reckoning, a

more correct representation can be created, in respect of which the robot can

be more accurately positioned.

Optionally, in addition to the extraction of the lines in the picture, the

intensity and width of the lines are extracted. The information on the line-

width and intensity can be used to filter out lines that are likely to be false.

The fluctuation in intensity along a single line might be used as a debris

indicator if the line has the position and inclination typical of a floor. Further,

in practice, since the robot will tilt slightly back and forth and from side to

side as it moves across the floor, image data that is used to generate a

representation in the form of a 3D map may have to be adjusted, e.g. by

assuming that that the floor on which the robot moves is flat and make a

linear adjustment of the image data in the pictures. As a result, long lines that

is near-horizontal in 3D space is adjusted to be perfectly horizontal,

parameters of deviation for the near-horizontal lines are registered, and the

remaining lines are adjusted with the corresponding parameters of deviation.

In case large amounts of data that represent points in 3D space are produced,

they can be compressed to reduce the requirements on computation power of

the processing unit of the robot positioning system according to

embodiments of the present invention. For instance, a number of coherent

points in space can be approximated by a line and only the start and stop

points of the line are registered in memory and thus represent all the

coherent points in space, and a number of coherent lines in space can be

approximated by a surface.

Figure 6 illustrates a further embodiment of the robot positioning system

according to the present invention. When the robotic vacuum cleaner 20

encounters an obstacle, such as a carpet 25, causing it to slightly tilt the

created representation may become incorrect, if it is assumed that robotic



vacuum is parallel to the surface to be cleaned. This is even more evident in

case the robotic vacuum cleaner 20 passes over a doorstep, in which case the

robotic vacuum cleaner is capable of performing a tilting action in any

direction to move its centre of gravity in order to easier climb over the

doorstep. Thus, in this particular embodiment, the representation created is

related to the surface across which the robotic vacuum cleaner moves. Hence

the created representation is related to a coordinate system which is fixed to

the floor and thus become invariant to robot tilt.

Even though the invention has been described with reference to specific

exemplifying embodiments thereof, many different alterations, modifications

and the like will become apparent for those skilled in the art. The described

embodiments are therefore not intended to limit the scope of the invention,

as defined by the appended claims.



CLAIMS

1. A method of positioning a robot comprising the steps of:

illuminating (Sioi) a space with at least a first line laser projecting

vertical laser lines within field of view of a camera;

recording (S102), with the camera, a picture of the space illuminated by

the vertical laser lines;

extracting (S103), from the recorded picture, image data representing a

line formed by the vertical laser lines being reflected against objects located

within the space; and

creating (S104), from the extracted line, a representation of the

illuminated space along the projected laser lines, wherein the robot is

positioned with respect to said representation.

2. The method of claim 1, wherein the steps of:

illuminating a space further comprises illuminating the space with at

least a second line laser projecting vertical laser lines within field of view of

the camera;

extracting, from the recorded picture, image data representing a line

further comprises extracting image data representing a line formed by the

respective vertical laser lines of the first and second line laser; and

creating a representation from the extracted line comprises creating,

from the extracted lines of the first and second line laser, a representation of

the illuminated space along the projected laser lines of the first and second

line laser.

3. The method of any one of claims 1or 2, further comprising the steps of:

acquiring a position estimate of the camera; and

utilizing the position estimate to create the representation of the

illuminated space, said representation being associated with coordinates on

the basis of the position estimate.



4. The method of any one of claims 1-3, further comprising the steps of:

rotating the camera around a vertical axis;

repeatedly recording pictures from which the representation is created.

5. The method of any one of claims 1-4, further comprising the steps of:

comparing (S103D) the image data of the recorded picture with image

data of at least one previously recorded picture;

adjusting (S103C) the extracted line on the basis of the comparison of

said image data by using dead reckoning; wherein

the representation of the illuminated space along the projected laser

lines, in respect of which the robot is positioned, is created (S104') from the

adjusted extracted line.

6. The method of any one of claims 1-5, further comprising the step of:

applying edge detection to said extracted image data in order to identify

a line formed by the vertical laser lines of the respective first and second line

laser.

7. The method of any one of claims 1-6, further comprising the steps of:

mapping the image data to unique sensor array coordinates of the

camera; and

assigning the unique coordinates to the extracted lines, wherein said

representation is associated with the unique coordinates.

8. A robot positioning system (10) comprising:

a camera (12);

a processing unit (15); and

at least a first line laser (13) arranged to illuminate a space (21) by

projecting vertical laser lines (23) within field of view of the camera; wherein

the camera is arranged to record a picture of the space illuminated by

the vertical laser lines; and

the processing unit is arranged to extract, from the recorded picture,

image data representing a line formed by the vertical laser lines being

reflected against objects located within the space, and further to create, from



the extracted line, a representation of the illuminated space along the

projected laser lines, wherein the robot on which the robot positioning

system is arranged is positioned with respect to said representation.

9. The robot positioning system (10) of claim 8 , further comprising:

a second line laser (14) arranged to illuminate the space (21) within field

of view of the camera (12) by projecting vertical laser lines (22); wherein

the process unit (15) is arranged to extract, from the recorded picture,

image data representing a respective line formed by the vertical laser lines of

the first and second line laser and further to create, from the respective

extracted line, a representation of the illuminated space along the projected

laser lines of the first and second line laser.

10. The robot positioning system (10) of claim 9, wherein said first (13) and

second (14) line lasers are arranged on a respective side of the camera (12)

along an axis being perpendicular to an optical axis of the camera.

11. The robot positioning system (10) of claims 9 or 10, wherein said first

(13) and second (14) line lasers are arranged to be directed such that their

respective laser beams (23, 22) intersect within the field of view of the camera

(12).

12. The robot positioning system (10) of any one of claims 9-11, wherein the

direction of said first (13) and second (14) line lasers and the field of view

(24) of the camera (12) are arranged such that width (wc) of the illuminated

space (21) located within the field of view of the camera is greater than width

(WR) of the robot on which the robot positioning system is arranged.

13. The robot positioning system (10) of any one of claims 9-12, wherein the

direction of said first (13) and second (14) line lasers and the field of view

(24) of the camera (12) are arranged such that height (he) of the illuminated

space (21) located within the field of view of the camera is greater than height

(IIR) of the robot on which the robot positioning system is arranged.



14. The robot positioning system (10) of any one of claims 8-13, further

comprising:

an optical filter arranged at the camera, which optical filter is adapted to

a wavelength of the light emitted by the first (13) and second (14) line laser.

15. The robot positioning system (10) according to any one claims 8-14,

wherein the camera (12) is a Complementary Metal Oxide Semiconductor

(CMOS) camera.

16. The robot positioning system (10) of any one of claims 8-15, further

being arranged to rotatable around a vertical axis.

17. The robot positioning system (10) of any one of claims 8-16, said

processing unit (15) further being arranged to:

compare the image data of the recorded picture with image data of at

least one previously recorded picture;

adjust the extracted line on the basis of the comparison of said image

data by using dead reckoning; wherein the processing unit is arranged to

create the representation of the illuminated space along the projected laser

lines, in respect of which the robot is positioned, from the adjusted extracted

line.

18. The robot positioning system (10) of any one of the claims 8-17, further

comprising a positioning system for estimating an instantaneous position of

the robot positioning system.

19. The robot positioning system (10) of claim 18, said processing unit (15)

further being arranged to:

utilizing the position estimate to create the representation of the

illuminated space, said representation being associated with coordinates on

the basis of the position estimate.

20. The robot positioning system (10) of any one of claims 8-16, said

processing unit (15) further being arranged to:

apply edge detection to said extracted image data in order to identify a



line formed by the vertical laser lines (17, 18) of the respective first (13) and

second (14) line lasers.

21. The robot positioning system of any one of claims 8-20, said processing

unit (15) further being arranged to:

map the image data to unique sensor array coordinates of the camera

(12); and

assign the unique coordinates to the extracted lines, wherein said

representation is associated with the unique coordinates.

22. The robot positioning system of any one of claims 8-21, further

comprising:

a dust sensor arranged to detect particles illuminated by the first (13)

and second (14) line lasers by extracting image data indicating the

illuminated particles, wherein operation of the robot on which robot

positioning system is arranged can be controlled in response to the detected

particles.

23. The robot positioning system of any one of claims 8-22, said processing

unit (15) further being arranged to relate the created representation to a

coordinate system which is fixed to a surface across which the robot moves.

24. A computer program (17) comprising computer-executable components

for causing a device (10) to perform at least parts of steps recited in any one

of claims 1-7 when the computer-executable components are run on a

processing unit (15) included in the device.

25. A computer program product (16) comprising a computer readable

medium, the computer readable medium having the computer program (17)

according to claim 24 embodied therein.

26. A robotic vacuum cleaner (20) arranged with the robot positioning

system (10) of any one of claims 8-23.
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