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(57) ABSTRACT 
A method for automatically operating a robot, attached to a 
laWnmoWer or other unmanned machine, Within an enclosed 
area is disclosed. The method includes the steps of: 1) 
providing the following elements: a proximity sensor posi 
tioned on the robot, a boundary along the perimeter of the 
Working area and along the perimeter of each area enclosed 
in the Working area in Which the robot should not operate, 
the boundaries being detectable by the proximity sensor, a 
processing unit connected to the proximity sensor and 
receiving an input therefrom, a navigation unit on the robot 
to determine the coordinates of the robot relative to an 
arbitrary origin, a direction ?nder, and a memory to store 
values generated by the processing unit; and 2) causing the 
robot to move along each of the boundaries provided around 
or Within the Working area, to detect the boundaries and to 
memoriZe their shape, and to store in the memory values 
representative of the coordinates of the boundaries, thereby 
to generate a basic map of the Working area. When the robot 
is to operate Within the area, the method includes the steps 
of: (a) causing the robot to start from a starting point having 
knoWn coordinates Within the basic map of the Working 
area; (b) continuously determining the coordinates of the 
robot by analyzing data obtained from the navigation unit 
and by detecting the vicinity of a boundary; and (c) correct 
ing the actual position of the robot on the basic map by 
comparing the calculated and the actual coordinates of each 
detected boundary. 
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MOVE IN THE Y DIRECTION UNTIL ANY 
BOUNDARY IS DETECTED 

II 
FOLLOW THE BOUNDARY UNTIL THE ROBOT COMPLETES 
A LOOP. MEMORIZE THE SHAPE OF THE BOUNDARY. 

THE LOOP IS COMPLETED WHEN THE ROBOT RETURNS 
TO THE STARTING POINT (WITHIN THE ALLOWED ERROR) 

I 
COVER THE AREA IN STRAIGHT LINES FROM 

BOUNDARY TO BOUNDARY 

I 
CORRECT THE SYSTEM LOCATION READING 
EACH TIME A BOUNDARY IS REACHED 
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4(x1, Y2) 
2(xO, YO) I 5(x1, Y1) 

THE ROBOT TRAVELS IN THE Y 
DIRECTION AS INDICATED IN I 

I 

THE EDGE OF THE WORKING AREA IS 
DETECTED. THE ROBOT IS PHYSICALLY AT 
POINT 2, BUT DUE TO ACCUMULATED 
LOCATION ERRORS THE LOCATION 

SYSTEM OF THE ROBOT READS THE 
CURRENT LOCATION TO BE 3. 

I 

THE NAVIGATION SYSTEM CALCULATES 
THE EXTRAPOLATION OF THE ASSUMED 

LINE OF MOVEMENT (5) UNTIL IT 
INTERSECTS WITH THE MEMORIZED 
EDGE AT POINT 4. THE FOLLOWING 
LOCATION CORRECTION IS THEN 

PERFORMED : 

CURRENT LOCATION BECOMES (x1, Y2) 
INSTEAD OF (x1, Y1) 

FIG.5A 
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II 3(x1, Y1) 2(xO, YO) 

THE ROBOT TRAVELS IN THE Y DIRECTION 
AS INDICATED IN I 

I 
THE ROBOT DETECTS THE EDGE OF THE AREA AND IS 
PHYSICALLY AT POINT 2, ALTHOUGH THE LOCATION 
SYSTEM READS POINT 3, DUE TO THE ACCUMULATED 

NAVIGATION ERRORS 

THE ROBOT ALSO DETECTS MARKERS 4 AND 5, THE 
COORDINATES OF WHICH ARE STORED IN THE NAVIGATION 

SYSTEM SINCE THE INITIATION LOOP AROUND THE BOUNDARIES 

II 

THE SYSTEM CALCULATES THE CURRENT LOCATION (2) 
ACCORDING TO THE DISTANCE FROM MARKERS 4 AND 5 
AND CORRECTS THE CURRENT LOCATION TO BE (X0, Y0) 

FIG.5B 
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PERFORM AN "S" TYPE 
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34 FOLLOW EDGE BETWEEN CUT 
AND UNCUT LAWN UNTIL EDGE 
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USING EDGE BETWEEN CUT 
AND UNCUT LAWN 
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NAVIGATION METHOD AND SYSTEM FOR 
AUTONOMOUS MACHINES WITH MARKERS 

DEFINING THE WORKING AREA 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and 
related systems for navigation in an enclosed area. More 
particularly, the invention relates to method and apparatus 
Which can be used to cause an automated device to move and 

to perform predetermined tasks Within an enclosed area. 

BACKGROUND OF THE INVENTION 

[0002] The use of automated devices is Widespread noWa 
days, and ?nds countless applications. For instance, robots 
perform very precise and delicate tasks in the construction of 
electronic devices, or in medicine and aviation. Robots are 
also used in uses Which require motion, notably, for auto 
matic Warehouses, Where goods are retrieved and stored by 
means of computer-actuated robots. Other applications 
include, e.g., fetching raW materials in the course of indus 
trial manufacturing, and removing and packaging ?nished 
pieces. In everyday’s life, attempts have also been made to 
exploit robots for laWn moWing and for vacuum cleaning. 

[0003] The major draWback of mobile robots, Which the 
art has so far been unable to overcome, is the fact that their 
movements are limited to Well prede?ned paths, normally 
requiring that they move along rails, or that they be provided 
With expensive navigation signs, positioned Within the area 
in Which they move, Which operate as “stations” Which 
rede?ne the exact position of the robot, and from Which the 
program may direct the robot to the next station. These 
intermediate signs are expensive, take up space, and are 
inconvenient to use, since they must be very precisely 
positioned and cannot be easily moved. 

[0004] Another approach involves providing an area 
delimited by boundaries recogniZable by the robot, and 
permitting the robot to effect a random Walk therein, during 
Which random Walk it carries out its tasks. This approach 
entails severe draWbacks: ?rst of all, When the robot moves 
Within a prede?ned area by random Walk, there is no Way to 
ensure that the Whole area Will be covered by the tool Which 
must operate thereon. As a result, even though the robot may 
operate for a long period of time, unWorked areas may be left 
at the end of the operation. Secondly, if the area to be Worked 
is irregular, or if it presents “islands”, viZ. areas Which must 
not be Worked, the random Walk may lead to imperfect 
operation around such islands, as Well as at those locations 
Where the perimeter is of irregular shape. Thirdly, because 
the operation of the robot is not programmed to obtain a 
predetermined coverage, it is necessary to alloW the random 
Walk to go on for a long period of time, so as to increase the 
chances of covering a major portion of the area to be 
Worked. This is not only energy consuming, but also leads 
to an increased Wear of the equipment, and may also be 
environmentally undesirable due, e.g., to noise or other 
pollution caused by the operation of the robot. Even if the 
robot is operated by sun energy, most of the aforesaid 
problems are not overcome, and additional problems exists, 
connected With such a mode of operation. For instance, the 
robot may not Work properly in areas of the World Where sun 
radiation is scarce or loW, and may be inoperative for 
substantial parts of the day, e.g., on cloudy Weather. 
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[0005] A further approach involves preprogramming the 
robot With a blueprint of its designated area of operation, 
such as a ?oor map of a building in Which a robot is to 
operate. This approach has tWo major draWbacks: 

[0006] a) it requires preprogramming by the user, 
Which makes in unpractical for extensive consumer 
use; and 

[0007] b) it requires that such preprogramming is 
repeated each time something changes in the Work 
area. 

[0008] It is therefore clear that it Would be highly desirable 
to be able to provide means by Which automated mecha 
nisms may move and perform their task Within a predeter 
mined area, Without being hindered by the need for pre 
de?ned paths and rails, or by intermediate navigation signs 
or preprogramming, and Which may carry out their task in a 
predetermined manner, Without relying on random occur 
rences and/or on unstable energy sources. 

SUMMARY OF THE PRESENT INVENTION 

[0009] It has noW been found, and this is an object of the 
present invention, that it is possible to free automated 
mechanisms operating Within an enclosed Zone from the 
need for preprogramming or prede?ned paths and rails, and 
from the need for intermediate navigation aids, and this to 
overcome the draWbacks of the prior art and to provide 
means by Which a robot may perform its tasks Within an 
enclosed area in a manner free from such limitations, With 
high precision and in a minimal period of time. 

[0010] It is an object of the present invention to provide a 
navigation method Which ful?lls the aforementioned goals. 

[0011] It is another object of the invention to provide 
means Which can be used in systems utiliZing the method of 
the invention. 

[0012] Other objects of the invention Will become appar 
ent as the description proceeds. 

[0013] The method for automatically operating a robot 
Within an enclosed area, according to the invention, com 
prises the steps of: 

[0014] providing a boundary along the perimeter of 
the Working area, the said boundary being detectable 
by a proximity sensor; 

[0015] providing boundaries along the perimeter of 
each area enclosed in the Working area, in Which it 
is desired that the robot should not operate, the said 
boundaries also being detectable by a proximity 
sensor; 

[0016] providing a proximity sensor positioned on 
the robot; 

[0017] providing processing means connected to the 
said proximity sensor and receiving an input there 
from; 

[0018] providing location means on the said robot, to 
determine the coordinates of the robot relative to an 
arbitrary origin, at any speci?c time; 

[0019] providing direction ?nding means; 
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[0020] providing memory means to store values gen 
erated by the said processing means and, optionally, 
by the said location means; 

[0021] causing the robot to move along each of the 
boundaries provided around or Within the said Work 
ing area, to detect the said boundaries and to memo 
riZe their shape, and to store in the memory means 
values representative of the coordinates of the said 
boundaries, relative to an arbitrary origin, thereby to 
generate a basic map of the Working area; 

[0022] 
area: 

When the robot is to operate Within the said 

[0023] (a) causing the robot to start from a starting point 
having knoWn coordinates Within the basic map of the 
Working area; 

[0024] (b) continuously determining the coordinates of 
the robot by analyZing data obtained from the location 
means and by detecting the vicinity of a boundary; and 

[0025] (c) correcting the actual position of the robot on 
the basic map by comparing the calculated and the 
actual coordinates of each detected boundary. 

[0026] By “robot” it is meant to indicate any autono 
mously operating device, Which may carry out pre-pro 
grammed tasks With one or more tools, While moving in the 
process from one location to another. 

[0027] According to a preferred embodiment of the inven 
tion, the location means comprise movement measuring 
means, such as an odometer or the like device, to measure 
the distance traveled by the robot, e.g., by measuring the 
number of revolutions of a Wheel. As stated, direction 
?nding means are also provided, so as to provide informa 
tion on the direction in Which the robot travels at any given 
time, Which is needed in order to determine the coordinates 
of the robot on the map. The direction ?nding means can be 
of any suitable type, e.g., may comprise a compass. 

[0028] While, as stated, it is an object of the invention to 
utiliZe relatively inexpensive devices for the operation of the 
robot, it is of course possible to employ more expensive and 
sophisticated equipment, Without exceeding the scope of the 
invention. Thus, for instance, it is possible to employ 
range-?nding means, such as a laser range-?nder or RF 
range ?nders, to determine the distance of the robot from 
one or more given locations, at any given time, instead of, 
or in addition to, using an odometer or the like device to 
measure the distance traveled. HoWever, any such modi? 
cations Will be apparent to the skilled person, and therefore 
are not discussed herein in detail. 

[0029] According to a preferred embodiment of the inven 
tion, the boundary Which is detectable by a proximity sensor 
comprises a metallic Wire through Which electric current 
?oWs, and the proximity sensor comprises a magnetic ?eld 
detector. According to another preferred embodiment of the 
invention, the boundary Which is detectable by a proximity 
sensor comprises passive metallic means Which is excitable 
by a magnetic ?eld, and the proximity sensor comprises an 
electric ?eld detector. In still another preferred embodiment 
of the invention the boundary Which is detectable by a 
proximity sensor comprises passive magnetic means, and 
the proximity sensor comprises a magnetic ?eld detector. Of 
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course, the boundary may be marked by continuous or by 
discontinuous marking means, or by combinations thereof. 

[0030] In still another alternative embodiment of the 
invention, the boundary Which is detectable by a proximity 
sensor comprises a guide Wire through Which an acoustic 
signal passes, and the proximity sensor comprises an acous 
tic detector. 

[0031] A further improvement in the precision of the 
determination of the actual coordinates of the robot on the 
map, at any given time, can be obtained by further providing 
on the boundaries a plurality of individually recogniZable 
markers. Thus, When the robot reaches the boundaries, it not 
only identi?es them by the proximity sensor, but may also 
receive the exact coordinates on the boundaries assigned to 
the speci?c marker it has detected. According to a preferred 
embodiment of the invention, When provided, the markers 
are substantially located at even distances from one another. 
Suitable markers Will be easily recogniZed by the skilled 
person, and may comprise, e.g., an RF tag or magnetic tag. 

[0032] As stated, according to another preferred embodi 
ment of the invention, the distance-measuring means com 
prise an odometer or the like device, coupled to the Wheels 
of the robot. 

[0033] As stated, the robot, When initialiZed, moves along 
the boundaries and memoriZes their shape. Such memori 
Zation may be carried out in a number of Ways. For instance, 
the shape can be memoriZed by taking continuous or dis 
continuous readings of the compass and the odometer, and 
any such readings are then continuously integrated, to give 
the full coordinates of the boundaries. 

[0034] The method of the invention can be exploited in a 
variety of uses, and is not limited to any particular ?eld of 
application. One particularly interesting use, hoWever, to 
Which reference Will be made also hereinafter for the pur 
pose of exempli?cation, is When the robot is coupled to a 
laWn moWer. Such robot permits to moW the laWn in the 
absence of the oWner, and at any suitable time, or to vacuum 
clean any predetermined premises. 

[0035] Of course, safety means should preferably be pro 
vided to ensure safe operation of the robot. for instance, 
automatic shut-off of the robot should be provided, coupled 
to logic circuitry, to ensure that the operation of the robot is 
discontinued if one of a number of contemplated possibili 
ties takes place. for instance, if the measured distance 
traveled Without encountering a boundary exceeds by a 
threshold value the maximal linear distance Within the 
bounded area, as calculated from the map of the boundaries, 
this may mean that the robot has exited the boundaries due, 
for instance, to a malfunctioning of the system due to Which 
the proximity sensor has failed to identify the boundary. 
Other required safety means Will be easily recogniZed by the 
skilled person, according to the type of robot and the 
intended use thereof. 

[0036] The invention is further directed to an automated 
robot for operation Within an enclosed area, comprising: 

[0037] 
[0038] processing means connected to the said prox 

imity sensor and receiving an input therefrom; 
[0039] location means, to determine the coordinates 

of the robot relative to an arbitrary origin, at any 
speci?c time; 

a proximity sensor positioned on the robot; 
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[0040] direction ?nding means; and 

[0041] memory means to store values generated by 
the said processing means and, optionally, by the 
said location means. 

[0042] The term “proximity sensor”, as used herein, indi 
cates any device Which is capable of detecting that the 
boundary of the Working area is near. This may include, e.g., 
magnetic ?eld detectors, acoustic signal detectors, bar code 
readers, resonance tag meters, transceivers, etc. 

[0043] The invention also encompasses a system for auto 
matically operating a robot Within an enclosed area, com 
prising: 

[0044] boundary means suitable for positioning along 
the perimeter of the Working area, and of each area 
enclosed in the Working area, in Which it is desired 
the robot not to operate, the said boundary means 
being detectable by a proximity sensor; 

[0045] 
[0046] processing means on said robot, connected to 

the said proximity sensor and receiving an input 
therefrom; 

a robot provided With a proximity sensor; 

[0047] distance-measuring means on the said robot, 
to measure the distance of the robot from a given 
starting point, at any speci?c time; 

[0048] direction ?nding means; 

[0049] memory means to store values generated by 
the said processing means and, optionally, by the 
said distance measuring means and/or direction ?nd 
ing means; and 

[0050] motion means, to cause the robot to move. 

[0051] In accordance With a further embodiment of the 
invention, a method for automatically cutting a laWn is 
provided. The method includes the steps of: 

[0052] providing a laWnmoWer With a robot and at 
least a plurality of laWn height sensors; 

[0053] cutting a ?rst sWath of laWn in a ?rst direction; 

[0054] performing a maneuver, under control of the 
robot and in response to output of the laWn height 
sensors, in a second direction generally opposite of 
the ?rst direction to bring said laWnmoWer to a 
location parallel to but overlapping the ?rst sWath by 
a predetermined percentage as indicated by the dif 
ferent output of the laWn height sensors; 

[0055] cutting a second sWath of laWn parallel to the 
?rst sWath While continually monitoring the laWn 
height output of said laWn height sensors thereby to 
ensure that the percentage of overlap is generally 
maintained; 

[0056] repeating the steps of performing a maneuver 
and cutting a second sWath for further sWaths of 
laWn, Wherein the previously cut laWn is denoted by 
said ?rst sWath of laWn and the sWath to be cut is 
denoted by the second sWath of laWn. 

[0057] The maneuver can be an S-shaped maneuver and 
the grass height sensor can include the folloWing elements: 
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[0058] 
[0059] a rotatable Wing against Which grass can push, 

the Wing having a pin attached thereto; 

[0060] 
[0061] a spring attached around said pin, Wherein the 

ends of the spring press against opposite sides of the 
Wing and opposite sides of the ?xed pin; and 

[0062] means for measuring the angle of rotation of 
the rotatable Wing. 

a housing; 

a ?xed second pin, connected to the housing; 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] The present invention Will be understood and 
appreciated more fully from the folloWing detailed descrip 
tion taken in conjunction With the draWings in Which: 

[0064] FIG. 1 schematically shoWs an enclosed area 
Within Which a robot must operate, the shaded areas repre 
senting “islands” in Which the robot must not enter; 

[0065] FIG. 2 shoWs, in cross-section, a boundary of FIG. 
1, according to a particular embodiment of the invention; 

[0066] FIGS. 3(A and B) illustrates the method of the 
invention, using polar coordinates; 
[0067] FIG. 4 illustrates the method of the invention, 
using Cartesian coordinates; 

[0068] FIGS. 5(A and B) is a ?oW-sheet of an example of 
a location correction process, according to one preferred 
embodiment of the invention; 

[0069] FIG. 6 is a How chart of the operation of a system, 
according to one preferred embodiment of the invention; 

[0070] FIG. 7 is a pictorial illustration of a laWnmoWer 
folloWing the line of cut grass, constructed and operative in 
accordance With a further preferred embodiment of the 
present invention; 

[0071] FIG. 8 is a How chart illustration of a method of 
operating the laWnmoWer of FIG. 7; 

[0072] FIG. 9 is a pictorial illustration useful in under 
standing the method of FIG. 8; 

[0073] FIG. 10 is a schematic illustration of a laWn height 
sensor, useful in the method of FIG. 8; 

[0074] FIGS. 11A and 11B are schematic illustrations of 
a laWnmoWer, a sensor and tWo types of boundary markings, 
forming further embodiments of the present invention; and 

[0075] FIGS. 12A, 12B, 13A, 13B, 14A, 14B, 15 and 16 
are schematic illustrations of various types of boundary 
markings useful in the embodiments of FIGS. 11A and 11B. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0076] The present invention Will be better understood 
through the folloWing illustrative and non-limitative 
description of preferred embodiments. 

[0077] Looking noW at FIG. 1, the Working area in Which 
the robot must operate, indicated at “A”, is enclosed by a 
boundary 1. Within the Working area there are “islands” in 
Which the robot must not penetrate, Which are shadoWed and 
enclosed by boundaries 2 and 3. According to one embodi 
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ment of the invention, the robot is an automated lawn 
mower, and the area Ais a laWn. Islands 2 and 3 may be, e.g., 
trees and their vicinities or ?oWer beds. Thus, We Wish the 
moWer to operate only in areas in Which grass groWs, and to 
avoid other areas. Alternatively, the robot can be coupled to 
a ?oor sWeeper or a ?oor polisher or any other device Which 
has to scan a ?at surface. 

[0078] As stated, according to one particular embodiment 
of the invention, the boundaries 1, 2 and 3 may comprise a 
conducting Wire. This type of boundary is shoWn in cross 
section in FIG. 2, Which shoWs a Wire 4, comprising a 
metallic core 5 and a plastic outer layer 6. A current “i” is 
caused to How through the Wire, thus generating a magnetic 
?eld along the Wire. The intensity of the current may be very 
loW, since it is not necessary that the magnetic ?eld be 
sensed at a great distance from the boundary, and it is 
sufficient that it be felt in the close vicinity of the Wire. The 
magnetic ?eld is sensed, according to this particular embodi 
ment of the invention, by a magnetic ?eld sensor provided 
on the laWn moWer. The magnetic ?eld and the sensor to 
sense it are conventional and Well knoWn in the art, and 
therefore are not described here in detail, for the sake of 
brevity. 
[0079] Taking the laWn moWer as an example, but it being 
understood that the invention is in no Way limited to its use 
With a laWn moWer, or With any other particular device, the 
invention operates as folloWs. A coordinates system is 
de?ned, as Well as a starting point. FIG. 3A shoWs a laWn 
moWer L relative to the starting point “S” Within the laWn, 
the laWn moWer L being at a point (8;) viZ. at a distance r, 
Which is measured by measuring the movement of the 
moWer, and at an angle 6) from starting point S, Which is 
measured by means of a compass. Thus, as shoWn in FIG. 
2B, any point Within the enclosed area S Will have a unique 
polar coordinate. 

[0080] When it is desired to teach the robot the boundaries 
of its task, the laWn moWer is caused ?rst to move around the 
boundary 1 of FIG. 1. The memory means of the robot 
memoriZe the coordinates of the boundary 1, relative to 
starting point S. Throughout this teaching movement, the 
boundary sensor positioned on the robot (not shoWn) senses 
the boundary 1. Similarly, the boundaries 2 and 3 are sensed 
for the ?rst time by the robot, and memoriZed for future use. 
The robot noW has an initial map of the area, similar to What 
is shoWn in FIG. 3B, each point having been assigned a 
coordinate. The set of coordinates so created Will be termed 
“the map” of the Working area. 

[0081] When it is desired to moW the laWn, the robot is 
brought to starting point S, and it is started according to a set 
of instructions Which has been preprogrammed, and Which 
may be different for each different task. For instance, a 
circular laWn may be better looking if moWed in circles, 
While a soccer ?eld requires back-and-forth moWing. An 
automated laWn moWer according to the invention may 
further be provided With a number of pre-set programs, from 
Which the user can choose. 

[0082] The robot, as said, is further provided With dis 
tance-measuring means, such as an odometer or the like 
device. HoWever, these devices are not fully accurate, and 
may provide only approximate distance values for any given 
position. The error in the measurement of the distance may 
derive from a variety of reasons, e.g., the slipping of Wheels 

Sep. 20, 2001 

on a moist laWn, uneven ground, etc., and the error may 
build up to quite a substantial extent, impairing the ability of 
the robot to complete its task With a high degree of precision. 
While, of course, precise measuring means exist, such as 
laser distance measurements, these are expensive and/or 
require calibration targets located in or around the Working 
area. It is a purpose of the invention to avoid the use of such 
expensive and complicated distance-measuring means. 

[0083] According to the invention, therefore, the robot 
starting a task continuously compares the distance measured 
by the odometer or other distance measuring device, With the 
distance from an earlier position to the boundaries in the 
angular coordinate it is folloWing. If the boundary is 
detected earlier than anticipated according to this compari 
son (or, in other Words, if the difference betWeen the distance 
according to the map and the measured distance is negative), 
the robot continues to move until the boundary is detected. 
If the difference betWeen the distance according to the map 
and the measured distance is positive, or in other Words, if 
the boundaries are encountered earlier than expected, actual 
value of the coordinate is corrected to be that of the map. 

[0084] The starting point Will initially be the point “S”, 
and correction of distance errors Will be effected relative to 
this point. As Work proceeds, of course, the starting point 
may be updated to be another point Within the area, e.g., a 
meeting point With the boundaries, for comparison purposes 
With the map of the area. 

[0085] Similarly, the robot has been pre-programmed to 
avoid “islands”, but Will detect an island according to the 
actual position of the boundary detected, and Will correct its 
present Working map based on the detection of the boundary 
and the original map. As Will be understood by the skilled 
person, the larger the number of bounded areas, the higher 
the precision of the correction of the actual Working map., 
Therefore, the islands actually help in keeping precision and 
correcting the actual Working map. therefore, if the Working 
area is particularly large, it may be desirable to provide 
arti?cial islands for the purposes of map correction. 

[0086] As Will be appreciated by the skilled person, oper 
ating according to the preferred embodiment of the inven 
tion described above is very convenient also in respect of the 
boundaries, since the Wire or coil may be embedded in the 
soil, thus avoiding any actual or even aesthetic disturbance 
to the Working area, and the poWer requirements to generate 
a localiZed magnetic ?eld are very small. 

[0087] FIG. 4 shoWs an alternative embodiment of the 
invention, in Which the location of each point is measured in 
Cartesian coordinates. As Will be appreciated by the skilled 
person, it is not essential to the invention that any speci?c 
coordinates system be chosen, but it may be more conve 
nient to select a particular set of coordinates, depending on 
the map correction process employed. 

[0088] One particular process, employing Cartesian coor 
dinates, Will be described hereinafter by Way of example, 
With reference to the ?oW-sheet of FIG. 5. 

[0089] In FIG. 5A the correction of an error on one axis 
(Y in the example shoWn in the ?oW-sheet of FIG. 5A) is 
shoWn, according to one possible embodiment of the inven 
tion, While the error in the other axis is not dealt With. FIG. 
5B, on the other hand, shoWs a method according to another 
possible embodiment of the invention, in Which both the X 
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and the Y errors are corrected in one step. It should be noted 
that, although only the error on one axis can be corrected at 
a time in the embodiment of FIG. 5A, the error on the other 
axis can be corrected by moving in a direction perpendicular 
to the axis being corrected. The movement of the robot can 
be programmed such that both the X and Y location coor 
dinates are updated at a suitable rate of correction. 

[0090] In FIG. 5B another preferred embodiment of the 
invention is shoWn, in Which the boundaries are marked With 
markers (4 in FIG. 5B), Which have a unique identity. The 
markers Will typically be conveniently evenly spaced, 
although any spacing scheme is possible. The markers can 
be of any suitable type, e.g., and RF tag, magnetic tag or the 
like marker, Which emits a signal identi?able by a sensor. In 
such a case, of course, a suitable sensor, capable of identi 
fying unique identity signals must also be provided on the 
robot. 

[0091] During the initiation process the robot performs a 
complete loop around the edge and memoriZes the shape of 
the boundary as Well as the position of each marker (X,Y 
coordinates of each individual marker). This procedure 
alloWs for the correction of both the X and the Y coordinates 
error, each time an edge is detected, according to the method 
shoWn in the ?oW-sheet of FIG. 5B. 

[0092] Schematically speaking, the robot Will operate 
according to the ?oW-sheet of FIG. 6. 

[0093] Reference is noW made to FIGS. 7, 8 and 9 Which 
illustrate a further embodiment of the robotic laWnmoWer of 
the present invention. In this embodiment, the robot sWeeps 
the space With overlapping straight lines by determining the 
location of the edge betWeen uncut and cut grass. 

[0094] In the present embodiment, the laWnmoWer, 
labeled 20 in FIG. 7, additionally includes a plurality of 
sensors 22, each one measuring the height of the grass in its 
general vicinity. FIG. 7 shoWs tWo areas, one 24 of cut grass 
and one 26 of uncut grass. Thus, sensors 22a and 22b Will 
provide a high height output and sensors 22c and 22d Will 
provide a loW height output. 

[0095] By comparing the height output of the sensors 22, 
the control system of the laWnmoWer can determine gener 
ally Where the edge betWeen cut and uncut grass is. One 
embodiment of a sensor 22 is illustrated in FIG. 10 and 
described in detail hereinbeloW. 

[0096] FIG. 8 details the operations performed by the 
control system of laWnmoWer 20 and FIG. 9 illustrates the 
movements of the laWnmoWer 20 at the edge of the laWn. 
While the laWnmoWer 20 is cutting a sWath 25 indicated by 
dotted arroWs in FIG. 9, the sensors 22 continually measure 
the height of the laWn nearby (step 30). The control system, 
With the navigation system (compass and odometer), steers 
the laWnmoWer 20 in the desired direction, as described 
hereinabove, While additionally ensuring that the edge of the 
laWn is maintained in a desired location vis-a-vis the sensors 
22. For example, it may be desired to cut a sWath Which is 
only three-quarters the Width of the laWnmoWer. For this 
situation, the edge betWeen cut and uncut grass should be 
maintained betWeen sensors 22a and 22b or betWeen sensors 
22c and 22d. 

[0097] The control system maintains the desired direction 
until the edge of the laWn is detected, as described herein 
above. At this point, the laWnmoWer 20 must change direc 
tion of movement While keeping the proper percentage of 
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uncut grass under the laWnmoWer 20. It is noted that the 
laWnmoWer can move both forWard and backWard. 

[0098] FIG. 9 illustrates the change in direction. Initially, 
the laWnmoWer 20 moves in the forWard direction along 
sWath 25 (step 30). Upon reaching the edge, the laWnmoWer 
20 performs an ‘S’ shaped backWards maneuver, labeled 40, 
using the navigation system, until the edge betWeen cut and 
uncut laWn is sensed betWeen the desired tWo sensors 22. 
This step is indicated in step 32 of FIG. 8 and produces an 
‘S’ shaped cut in the laWn. As shoWn by line Ain FIG. 9, the 
edge of the cut grass is maintained betWeen the desired tWo 
sensors 22. 

[0099] In step 34, the laWnmoWer 20 moves forWard along 
the edge of the cut grass until the edge of the laWn is sensed 
once again. This movement is indicated by the short arroWs 
42 of FIG. 9. Finally, the laWnmoWer 20 backtracks along 
the neW sWath 44. Initially and until reaching the location of 
the line A, the laWnmoWer 20 utiliZes only the compass 
information. Once the edge of cut grass is found again (at the 
location of line A), the control system utiliZes both the 
compass and the sensor output to create the neW sWath 44. 
This is indicated at step 36 of FIG. 8. 

[0100] As discussed With respect to the previous embodi 
ments, the laWnmoWer 20 has to return to locations of 
un?nished scanning, such as locations on the opposite side 
of a ?oWer bed or tree. To do so, the laWnmoWer 20 utiliZes 
the navigation system to head toWards the desired location 
and, When it is close to the desired location, it additionally 
senses for the edge betWeen cut and uncut grass. 

[0101] Reference is noW made to FIG. 10 Which illus 
trates an exemplary laWn height sensor. The laWn sensor 
comprises a rotatable Wing 50 connected to a potentiometer 
52 via a pin 54 and a ?exible joint 56. A Weak spring 58 is 
attached around pin 54 and extensions 60 of spring 58 
extend on either side of Wing 50 and of a ?xed pin 62. Acam 
64 is connected also to pin 54 and a microsWitch 66 
measures the movement of cam 64. 

[0102] The grass presses against the Wing 50, Which, since 
it is not heavy, Will rotate. In turn, the Wing 50 pushes 
against the relevant one of extensions 60. Since the other 
extension 60 is maintained in place by ?xed pin 62, the 
spring 58 is tightened, thereby providing a returning force 
against the force of the grass. 

[0103] The rotation of the Wing causes the cam 64 and 
?exible joint 56 to rotate, Which rotation is measured by the 
potentiometer 52. Furthermore, if the Wing 50 rotates too far, 
protrusions 68 of cam 64 Will press against a rod 70 
connected to microsWitch 66 Which Will indicate maximum 
travel of Wing 50. 

[0104] Reference is noW made to FIGS. 11A and 11B 
Which illustrate tWo alternative embodiments of boundary 
markers and a sensor for detecting the boundary markers 
located on the laWnmoWer. Reference is also made to FIGS. 
12A, 12B, 13A, 13B, 14A, 14B, 15 and 16 Which illustrate 
additional types of boundary markers. 

[0105] FIGS. 11A and 11B illustrate the laWnmoWer 10 
With a boundary sensor 80 attached thereto. In FIG. 11A, the 
boundary is marked by a series of markers 82 placed into the 
ground on the edge of the laWn. Typically, the markers are 
placed at set distances one from the next. Alternatively, they 
can be placed close together along portions of the edge 
Which are very curvy and further apart along straighter 
portions of the edge. In FIG. 11B, the boundary is marked 
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by a Wire 84 Which is marked in some suitable and detect 
able manner. The type of marking matches the type of sensor 
attached to the lawnmower 10. 

[0106] In one embodiment, shoWn in FIGS. 12A and 12B, 
the boundary markers 82 have a magnet therein. In the 
embodiment of FIG. 12A, the boundary marker 82 is 
formed of a plastic pin 90, a magnet 92 placed Within pin 90 
and a plastic cover 94 covering the magnet-pin unit. In the 
embodiment of FIG. 12B, the boundary marker 82 is a 
metallic pin Which is magnetiZed, as shoWn. 

[0107] The corresponding sensor 80, for both embodi 
ments, is a gauss meter, such as the model 4048 manufac 
tured by F.W. Bell Inc. of the USA, or any other magne 
tometer Which senses the magnetism in the combined unit. 
The distances betWeen the boundary markers 82 are de?ned 
by the strength of the magnet 92 in such a Way that at any 
point along the marked perimeter, at least tWo markers are 
detectable by the sensor on the robot. 

[0108] In a further embodiment, shoWn in FIGS. 13A and 
13B, the sensor 82 is a bar code reader, such as the model 
1516 from Intermek Inc. of Seattle, Wash., USA. The 
corresponding boundary markers are, in FIG. 13A, 21 White 
cable 96 With black bar code markings 98 thereon. The bar 
code markings 98 are located at ?xed distances from each 
other. In FIG. 13B, the boundary markers are pins (typically 
of White plastic) With black markings 100 thereon. 

[0109] FIGS. 14A and 14B illustrate a further embodi 
ment Which utiliZes a Geiger counter, or other suitable 
radiometer, to detect the boundary markers. FIG. 14A 
illustrates a cable 102 having a piece of a radioactive mineral 
104, such as Americium, located thereon and FIG. 14B 
illustrates an individual pin 106 (typically of plastic) having 
a radioactive mineral 104 thereon. Asuitable Geiger counter 
for use With laWnmoWer 10 is the SURVIVOR 200, manu 
factured by Bicron Inc. of the USA. 

[0110] FIG. 15 illustrates a coil-capacitor circuit 110 
incorporated into a plastic or ceramic substance 112. Such a 
circuit 110 is then placed into a pin unit such as pin 90 and 
cover 94 of FIG. 12A. The corresponding sensor 80 is a 
resonance tag reader such as the ones manufactured by 
Checkpoint Inc. of Thorofare, N.J., USA, for anti-theft 
protection in stores, such as clothing stores. The coil 
capacitor unit 110 can be similar to those manufactured by 
Checkpoint or any other suitable coil-capacitor unit. 

[0111] FIG. 16 illustrates a further embodiment utiliZing 
transceiver units 120. The transceiver unit 120 can be any 
suitable narroW band transmitting and receiving unit and is 
typically placed into a pin unit such as pin 90 and cover 94 
of FIG. 12A. The corresponding sensor is a similar trans 
ceiver. Each transceiver, Within each pin, operates at the 
same frequency and the sensor transceiver continually deter 
mines hoW close it is to the nearest transceiver unit 120. 
When the sensor transceiver comes to Within a predeter 
mined distance, the sensor transceiver determines that it has 
reached the boundary. 

[0112] For all of the above embodiments, the sensor 80 
determines that the laWnmoWer 10 has reached the boundary 
When the signal sensor 80 receives is at or above a threshold 
level Which is calculated as the expected reading ?ve to ten 
inches from the marker or cable. 

[0113] It Will be appreciated that other types of markers 
and their corresponding detectors are incorporated Within 
the present invention. 
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[0114] All the above description and examples have been 
provided for the purpose of illustration, and are not intended 
to limit the invention in any Way. Many modi?cations can be 
effected in the method and devices of the invention, Without 
departing from its spirit. 

1. Amethod for automatically operating a robot Within an 
enclosed area, comprising the steps of: 

providing a boundary along the perimeter of the Working 
area, the said boundary being detectable by a proximity 
sensor; 

providing boundaries along the perimeter of each area 
enclosed in the Working area, in Which it is desired that 
the robot should not operate, the said boundaries also 
being detectable by a proximity sensor; 

providing a proximity sensor positioned on the robot; 

providing processing means connected to the said prox 
imity sensor and receiving an input therefrom; 

providing location means on the said robot, to determine 
the coordinates of the robot relative to an arbitrary 
origin, at any speci?c time; 

providing direction ?nding means; 

providing memory means to store values generated by the 
said processing means and, optionally, by the said 
location means; 

causing the robot to move along each of the boundaries 
provided around or Within the said Working area, to 
detect the said boundaries and to memoriZe their shape, 
and to store in the memory means values representative 
of the coordinates of the said boundaries, relative to an 
arbitrary origin, thereby to generate a basic map of the 
Working area; 

When the robot is to operate Within the said area: 

(a) causing the robot to start from a starting point having 
knoWn coordinates Within the basic map of the Working 
area; 

(b) continuously determining the coordinates of the robot 
by analyZing data obtained from the location means and 
by detecting the vicinity of a boundary; and 

(c) correcting the actual position of the robot on the basic 
map by comparing the calculated and the actual coor 
dinates of each detected boundary. 

2. A method according to claim 1, Wherein the boundary 
comprises a metallic Wire through Which electric current 
?oWs, and the proximity sensor comprises a magnetic ?eld 
detector. 

3. A method according to claim 1, Wherein the boundary 
comprises a guide Wire through Which an acoustic signal 
passes, and the proximity sensor comprises an acoustic 
detector. 

4. A method according to claim 1, Wherein the boundary 
comprises passive metallic means Which is excitable by a 
magnetic ?eld, and the proximity sensor comprises an 
electric ?eld detector. 

5. A method according to claim 1, Wherein the boundary 
comprises passive magnetic means, and the proximity sen 
sor comprises a magnetic ?eld detector. 

6. A method according to claim 3, Wherein the acoustic 
signal is in the ultra-sound range. 
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7. A method according to claim 5, wherein said passive 
magnetic means comprises a plurality of pins having mag 
nets therein. 

8. A method according to claim 5, Wherein said passive 
magnetic means comprises a multiplicity of magnets each 
shaped into the form of pins. 

9. A method according to claim 1, Wherein the proximity 
sensor comprises a high contrast pattern code reader and the 
boundary comprises high contrast pattern means. 

10. A method according to claim 9, Wherein the boundary 
comprises a tWo color guide Wire having patterns of a ?rst 
color at ?xed distances thereon and a second color for the 
non-patterned portions of the guide Wire. 

11. Amethod according to claim 9, Wherein the boundary 
comprises a multiplicity of pins each having a high contrast 
pattern thereon. 

12. Amethod according to claim 1, Wherein the proximity 
sensor comprises a radiometer and the boundary comprises 
radioactive means. 

13. A method according to claim 12, Wherein the bound 
ary comprises a guide Wire having a radioactive unit placed 
at ?xed distances thereon. 

14. A method according to claim 12, Wherein the bound 
ary comprises a multiplicity of pins each having a radioac 
tive unit thereon. 

15. Amethod according to claim 1, Wherein the proximity 
sensor comprises a resonance tag meter and the boundary 
comprises a multiplicity of pins having at least one coil 
capacitive circuit therein. 

16. Amethod according to claim 1, Wherein the proximity 
sensor comprises a transceiver and the boundary comprises 
a multiplicity of pins having at least one transceiver therein. 

17. A method according to claim 1, Wherein the location 
means comprise movement measuring means. 

18. A method according to claim 17, Wherein the move 
ment measuring means comprise an odometer. 

19. A method according to claim 1, Wherein the robot is 
coupled to a selected one of the group of: a vacuum cleaner, 
a ?oor sWeeper and a ?oor polisher. 

20. A method according to claim 1, Wherein the robot is 
coupled to a laWn moWer. 

21. A method according to claim 20 and including the 
steps of: 

providing the laWnmoWer With at least a plurality of laWn 
height sensors; 

cutting a ?rst sWath of laWn in a ?rst direction; 

performing a maneuver, under control of said robot and in 
response to output of said laWn height sensors, in a 
second direction generally opposite of said ?rst direc 
tion to bring said laWnmoWer to a location parallel to 
but overlapping said ?rst sWath by a predetermined 
percentage as indicated by the different output of said 
laWn height sensors; 

cutting a second sWath of laWn parallel to said ?rst sWath 
While continually monitoring the laWn height output of 
said laWn height sensors thereby to ensure that the 
percentage of overlap is generally maintained; 

repeating said steps of performing a maneuver and cutting 
a second sWath for further sWaths of laWn, Wherein the 
previously cut laWn is denoted by said ?rst sWath of 
laWn and the sWath to be cut is denoted by said second 
sWath of laWn. 
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22. Amethod for automatically cutting a laWn, the method 
comprising the steps of: 

providing a laWnmoWer With a robot and at least a 
plurality of laWn height sensors; 

cutting a ?rst sWath of laWn in a ?rst direction; 

performing a maneuver, under control of said robot and in 
response to output of said laWn height sensors, in a 
second direction generally opposite of said ?rst direc 
tion to bring said laWnmoWer to a location parallel to 
but overlapping said ?rst sWath by a predetermined 
percentage as indicated by the different output of said 
laWn height sensors; 

cutting a second sWath of laWn parallel to said ?rst sWath 
While continually monitoring the laWn height output of 
said laWn height sensors thereby to ensure that the 
percentage of overlap is generally maintained; 

repeating said steps of performing a maneuver and cutting 
a second sWath for further sWaths of laWn, Wherein the 
previously cut laWn is denoted by said ?rst sWath of 
laWn and the sWath to be cut is denoted by said second 
sWath of laWn. 

23. A method according to claim 22 and Wherein said 
maneuver is an S shaped maneuver. 

24. Amethod according to claim 22 and Wherein said step 
of providing comprises the additional steps of: 

providing a boundary along the perimeter of the Working 
area, the said boundary being detectable by a proximity 
sensor; 

providing boundaries along the perimeter of each area 
enclosed in the Working area, in Which it is desired that 
the laWnmoWer should not operate, the said boundaries 
also being detectable by a proximity sensor; 

providing a proximity sensor positioned on the laWn 
moWer; 

providing processing means connected to the said prox 
imity sensor and receiving an input therefrom; 

providing location means on the said laWnmoWer, to 
determine the coordinates of the robot relative to an 
arbitrary origin, at any speci?c time; 

providing direction ?nding means; and 

providing memory means to store values generated by the 
said processing means and, optionally, by the said 
location means. 

25. A method according to claim 24 and Wherein said 
steps of cutting comprise the step of continuously determin 
ing the coordinates of the laWnmoWer by analyZing data 
obtained from the location means and by detecting the 
vicinity of a boundary. 

26. A grass height sensor comprising: 

a housing; 

a rotatable Wing against Which grass can push, said Wing 
having a pin attached thereto; 

a ?xed second pin, connected to said housing; 

a spring attached around said pin, Wherein the ends of said 
spring press against opposite sides of said Wing and 
opposite sides of said ?xed pin; and 



US 2001/0022506 A1 

means for measuring the angle of rotation of said rotatable 
Wing. 

27. An automated robot for operation Within an enclosed 
area, comprising: 

a proximity sensor positioned on the robot; 

processing means connected to the said proximity sensor 
and receiving an input therefrom; 

location means, to determine the coordinates of the robot 
relative to an arbitrary origin, at any speci?c time; 

direction ?nding means; and 

memory means to store values generated by the said 
processing means and, optionally, by the said location 
means. 

28. A robot according to claim 27, Wherein the proximity 
sensor comprises a sensor selected from the group of: a 
magnetic ?eld detector, an acoustic detector, an electric ?eld 
detector, a bar code reader, a radiometer, a resonance tag 
meter and a transceiver. 

29. A robot according to claim 27, Wherein the location 
means comprise movement measuring means. 

30. Arobot according to claim 29, Wherein the movement 
measuring means comprise an odometer. 

31. A robot according to claim 27, Which is coupled to a 
laWn moWer. 

32. A robot according to claim 27, Which is coupled to a 
vacuum cleaner, or ?oor sWeeper, or ?oor polisher. 

33. Asystem for automatically operating a robot Within an 
enclosed area, comprising: 

boundary means suitable for positioning along the perim 
eter of the Working area, and of each area enclosed in 
the Working area, in Which it is desired the robot not to 
operate, the said boundary means being detectable by a 
proximity sensor; 

a robot provided With a proximity sensor; 

processing means on said robot, connected to the said 
proximity sensor and receiving an input therefrom; 

location means on the said robot, to determine the coor 
dinates of the robot relative to an arbitrary origin, at any 
speci?c time; 

memory means to store values generated by the said 
processing means; 

direction ?nding means positioned on the said robot, to 
determine the direction of travel thereof; and 

motion means, to cause the robot to move. 
34. Asystem according to claim 33, Wherein the boundary 

means Which is detectable by a proximity sensor comprises 
a metallic Wire through Which electric current ?oWs, and the 
proximity sensor comprises a magnetic ?eld detector. 

35. Asystem according to claim 33, Wherein the boundary 
Which is detectable by a proximity sensor comprises a guide 
Wire through Which an acoustic signal passes, and the 
proximity sensor comprises an acoustic detector. 

36. Asystem according to claim 33, Wherein the boundary 
Which is detectable by a proximity sensor comprises a 
passive metallic means Which is excitable by a magnetic 
?eld, and the proximity sensor comprises an electric ?eld 
detector. 
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37. Asystem according to claim 33, Wherein the boundary 
Which is detectable by a proximity sensor comprises passive 
magnetic means, and the proximity sensor comprises a 
magnetic ?eld detector. 

38. A system according to claim 33, Wherein the bound 
aries are provided With a plurality of individually recogniZ 
able markers. 

39. A system according to claim 38, Wherein the markers 
are substantially located at even distances from one another. 

40. A system according to claim 38, Wherein the marker 
comprises an RF tag or a magnetic tag. 

41. Asystem according to claim 33, Wherein the boundary 
comprises passive magnetic means, and the proximity sen 
sor comprises a magnetic ?eld detector. 

42. A system according to claim 41, Wherein said passive 
magnetic means comprises a plurality of pins having mag 
nets therein. 

43. A system according to claim 41, Wherein said passive 
magnetic means comprises a multiplicity of magnets each 
shaped into the form of pins. 

44. A system according to claim 33, Wherein the proxim 
ity sensor comprises a high contrast pattern code reader and 
the boundary comprises high contrast pattern means. 

45. Asystem according to claim 44, Wherein the boundary 
comprises a tWo color guide Wire having patterns of a ?rst 
color at ?xed distances thereon and a second color for the 
non-patterned portions of the guide Wire. 

46. Asystem according to claim 44, Wherein the boundary 
comprises a multiplicity of pins each having a high contrast 
pattern thereon. 

47. A system according to claim 33, Wherein the proxim 
ity sensor comprises a radiometer and the boundary com 
prises radioactive means. 

48. Asystem according to claim 47, Wherein the boundary 
comprises a guide Wire having a radioactive unit placed at 
?xed distances thereon. 

49. Asystem according to claim 47, Wherein the boundary 
comprises a multiplicity of pins each having a radioactive 
unit thereon. 

50. A system according to claim 33, Wherein the proxim 
ity sensor comprises a resonance tag meter and the boundary 
comprises a multiplicity of pins having at least one coil 
capacitive circuit therein. 

51. A system according to claim 33, Wherein the proxim 
ity sensor comprises a transceiver and the boundary com 
prises a multiplicity of pins having at least one transceiver 
therein. 

52. A system according to claim 33, Wherein the move 
ment measuring means comprise an odometer. 

53. A system according to claim 33, Wherein the robot is 
coupled to a laWn moWer. 

54. A system according to claim 33, Wherein the robot is 
coupled to a device selected from the group of: a vacuum 
cleaner, a ?oor sWeeper and a ?oor polisher. 

55. A system according to claim 53 and additionally 
including a plurality of laWn height sensors for measuring 
the height of the laWn and means for controlling said laWn 
moWer to cut the laWn along an already cut sWath of grass. 


