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(54) ROBOTIC VEHICLE FOR MOVABLE OPERATION IN A WORK AREA

(57)  The invention relates to a robotic vehicle (100)
for movable operation in a work area (108), the movable
operation comprising a soil cultivation, the work area
(108) being represented by a set of discretized coordi-
nate grid points (112), the vehicle (100) comprising a
controller (118), the controller (118) comprising a mem-
ory (122) and a processor (120), the memory (122) com-
prising instructions (124), wherein execution of the in-
structions (124) by the processor (120) causes the vehi-
cle (100) for planning the movable operation, the plan-

ning comprising clustering of at least some of the grid
points (112), wherein the clustering results in sets (1302)
comprising some of the grid points (112), wherein for all
grid points (112) in the set a value of a parameter char-
acterizing the soil represented by said grid points (112)
satisfies a soil criterion for performing the movable op-
eration, wherein execution of the instructions (124) by
the processor (120) further causes the vehicle (100) for
performing the movable operation based on the sets
(1302) of grid points (112).
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Description

[0001] The invention relates to a robotic vehicle for soil
cultivation, a method for operating a robotic vehicle and
a computer program product.

[0002] State-of-the-art robotic vehicles are known for
soil cultivation. For use in areas with different soil condi-
tions or obstacles on the surface to be machined a pre-
cise determination of position of the robot vehicle is nec-
essary. For example, W0O2017092798 A1 relates to a
robotic work tool for movable operation within a work ar-
ea. The robotic lawnmower comprises a satellite naviga-
tion device; and a controller, the controller being config-
ured to cause the robotic work tool to movably operate
within the work area based on positions partly orin whole
determined from satellite signals received by the satellite
navigation device being a differential satellite navigation
device and on phase information received from a refer-
ence station.

[0003] WO 2012/089679 A1 relates to a method for
processing a surface by means of a robotic vehicle,
wherein the robotic vehicle has a control system in which
data concerning the outline of the surface to be proc-
essed are stored, wherein locating means are present,
which determine the position of the robotic vehicle, in
particular in relation to the surface to be processed, and
wherein the method comprises the following steps: divid-
ing the surface to be processed into individual segments;
classifying each individual segment to into a property
class; and moving to and processing each individual seg-
ment in succession, each individual segment being proc-
essed with a processing strategy corresponding to its
property class.

[0004] It is an objective to provide for an improved ro-
botic vehicle for sail cultivation, an improved method for
operating arobotic vehicle and a computer program prod-
uct.

[0005] Disclosed is a robotic vehicle for movable op-
erationin a work area, the movable operation comprising
a soil cultivation, the work area being represented by a
set of discretized coordinate grid points, the vehicle com-
prising a controller, the controller comprising a memory
and a processor, the memory comprising instructions,
wherein execution of the instructions by the processor
causes the vehicle for planning the movable operation,
the planning comprising clustering of at least some of the
grid points, wherein the clustering results in sets (clus-
ters) comprising some of the grid points. For a given one
ofthe sets preferably each of the grid points have atleast
one immediately adjacent grid point in that set, and for
all grid points in the sets a value of a parameter charac-
terizing the soil represented by said grid points satisfies
a soil criterion for performing the movable operation. Ex-
ecution of the instructions by the processor further caus-
es the vehicle for performing the movable operation
based on the sets of grid points. Generally, each grid
point represents a respective area segment, i.e. tile, of
the work area.
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[0006] Embodiments may have the benefit that the
movable operation is performed in an efficient manner.
Efficiency relates for example to an energy efficiency of
the operation, the accuracy of the operation or an effi-
ciency in the care of the soil. For example, the soil is only
cultivated if this is necessary at all with regard to the soil
properties, whereby the cultivation then actually only
takes place for those areas of the soil where the necessity
is given. If, for example, the cultivation of the soil involves
mowing grass, only those areas of the working area for
which a mowing operation makes sense at this time are
mown at a certain point in time. If, for example, a cutting
height of 5 cm is planned, then those areas could be
omitted which have grass with a height of less than 5 cm,
since in these areas a grass cut would not take place
through the vehicle, which could accelerate the mowing
process overall.

[0007] A robotic vehicle may be any self-propelled ve-
hicle that autonomously moves within the work area. For
example, the vehicle is battery-powered and makes use
of the vehicle base the vehicle is able to automatically
travel to in order to be recharged.

[0008] The soil cultivation may comprise mowing of a
lawn, core aerification (recommended practice for many
lawns reducing soil compaction and thatch, improve sur-
face drainage etc.), watering of soil areas etc. For exam-
ple, the robotic vehicle is a robotic lawn mower.

[0009] In order to permit the robotic vehicle to deter-
mine at which grid point it is actually located, a GNSS
based location determination is possible. Alternatively or
additionally, any kinds of optical systems, acoustical sys-
tems and beacon guidance systems may be used for that
purpose. Further, if available, a deduced reckoning nav-
igation device of the vehicle may be used for that pur-
pose.

[0010] The planning of the movable operation compris-
es scheduling the movable operation for obtaining a
movement trajectory of the vehicle for performing the
movable operation, the scheduling comprising selecting
multiple ones (i.e. at least two) of the sets of clustered
grid points, the movement trajectory comprising the grid
points of the sets of clustered grid points.

[0011] It should be noted at this point that clustering,
e.g. according to the criterion of a uniform speed of grass
growth as the parameter characterizing the soil, could
lead to individual grid points not being part of the cluster
within an area of the work area in which clustered grid
points are located. In extreme cases, for example, every
n-th (n being an integer number > 1) grid point within this
area could be stochastically excluded from the cluster.
This could, for example, be due to the fact that there is
a certain error scatter for individual grid points when re-
cording the growth rates of the cluster. For this reason,
such an error scatter can be taken into account in the
subsequent scheduling so that, in addition to the clus-
tered grid points, unclustered grid points located between
the clustered grid points of a set, e.g. unclustered grid
points that have at least one immediately adjacent clus-
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tered grid point in that set, also become part of the
planned movement trajectory of the vehicle.

[0012] This may have the benefit that either starting
from the desired point in time for example set by a user
the actual movable operation is performed, or that the
scheduling itselfis selecting a most suitable starting point
in time based on the clustered grid points starting from
which the movable operation can be performedin e.g. a
rather efficient manner. Forexample, an efficientmanner
would be a manner in which in a consecutive way the
majority of clustered grid points of the sets can be cov-
ered by a single movement trajectory. Instead of only
considering a single cluster alone and scheduling the
movable operation for obtaining a movement trajectory
for that cluster, all sets of clusters are considered in a
coherent way. This would allow efficient processing of
the work area.

[0013] Forexample, the clustering may result in 3 sets
(i.e. clusters) of grid points that share a common similar
value of a parameter characterizing the soil. One ap-
proach would be to schedule the movable operation for
obtaining a movement trajectory for one of the clusters,
perform the movable operation based on that schedule
and then to reschedule the movable operation for obtain-
ing a movement trajectory for a next one of the clusters.
However, this may be computationally more expensive
than to schedule a single movable operation for obtaining
a movement trajectory for all of the clusters. This should
speed up the total movable operation since it can be op-
timized and scheduled considering all the clusters. Fur-
ther, since computational effort is a critical issue in case
of battery powered devices like the vehicle and since the
vehicle does the scheduling, the scheduling of the single
movable operation for abtaining a movement trajectory
for all of the clusters supports a prolonged lifetime of the
vehicle’s battery.

[0014] Generally, the clusteringresults ingroups (sets)
of grid points that have a maximum small spatial distance
between the grid points, also called dense areas. This
may also be expressed by means of a particular narrow
statistical distribution of distances between the grid
points of a cluster.

[0015] In accordance with an embodiment, the move-
ment trajectory obtained for a single contiguous movable
operation results in a fragmentation degree of the work
area, the fragmentation degree describing the degree of
fragmentation of the work area with respect to subareas
of the area covered by the trajectory, wherein in case the
fragmentation degree is above a predefined fragmenta-
tion threshold, the soil criterion is successively relaxed
within specified limits until the degree of fragmentation
is below the predefined fragmentation threshold.

[0016] Fragmentation is understood as follows: if the
subareas of the area covered by the trajectory are not
continuously and without gaps covered by the trajectory,
butthere are "pieces of uncovered subareas (fragments)
between them, this is understood as a fragmentation.
[0017] This may have the benefit that in contiguous
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manner at rather large part of the work area can be proc-
essed by means of the movable operationin a quick man-
ner. Instead of having the vehicle performing the movable
operation on the individual sets of clustered grid points
each separated by respective unprocessed gaps in the
work area, the movable operation may therefore be per-
formed in quicker none interrupted manner. It has to be
noted here that each interruption of the movable opera-
tion will require, that the vehicle has to perform additional
movements in order to compensate for this interruption.
[0018] In accordance with an embodiment, the grid
points of the set of grid points are distributed over a por-
tion of the working area, the parameter characterizing
the soil comprising a slope of the work area, wherein the
soil criterion is a minimum average slope of the portion.
For example, the minimum average slope is larger than
15%, preferably larger than 20% or 25%. This may have
the benefit that the time and/or energy efficiency at which
the work area is processed is increased. For example,
the moving speed of the vehicle may be reduced for a
slope area such that the vehicle has more time to com-
pensate for drag forces dragging the vehicle down the
slope. Even though the slower motion of the vehicle may
cause the vehicle more time to travel the slope, a repeat-
ed processing the slope could be avoided. The repeated
processing could result from inaccurate processing of
the soil due to the drag forces involved. For example, the
vehicle could deviate from its intended trajectory due to
the drag forces and lack of compensation speed, so that
parts of the ground could remain unprocessed.

[0019] In accordance with an embodiment, the move-
ment trajectory is comprising a zigzag form of the trajec-
tory with mutually opposite directions of movement,
wherein for two parts of the trajectory running directly
adjacent to one another the direction of the movement
of the vehicle is respectively opposite with one direction
of movement comprising a forward movement and the
other direction of the movement comprising a backward
movement of the vehicle.

[0020] This may have the benefit that the movable op-
eration can be performed in an energy efficient and/or a
soil-friendly way. Assuming a rather steep slope, any
movement of the vehicle in the direction of the gradient
of that slope at a certain grid point may require a lot of
engine power of the vehicle to overcome the slope down-
force (the gradient points in the direction of the greatest
rate of increase of slope at a given point). In addition, the
torques applied to the ground by the wheels could cause
the wheels to spin, which could damage the ground at
this certain grid paint. By the zigzag drive and the alter-
nating forward and backward movement of the vehicle
excessive turns of the vehicle could be avoided, so that
e.g. at no time the vehicle will drive in the direction of the
gradient of the slope acting at the appropriate certain grid
point.

[0021] Inaccordance with an embodiment, the param-
eter characterizing the soil is selected from a growth rate
of plants to be cultivated and a slip of the vehicle’s wheels
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to be used for the movement of the vehicle on the working
area for performing the movable operation. The sail cri-
terion is a selected range of the value of the parameter
characterizing the soil, i.e. a selected range of growth
rates of the plants or a selected range of slips of the
wheels.

[0022] Generally, slip is the relative motion between
the drive wheel of the vehicle and the soil surface it is
moving on. The slip can be generated either by the
wheel's rotational speed being greater or less than the
free-rolling speed (usually described as percent slip), or
by the wheel's plane of rotation being at an angle to its
direction of motion (referred to as slip angle). Generally,
high traction between wheel and soil is more desirable
than low traction, as it allows formovement even on steep
slopes without wheel slippage.

[0023] Embodiments may have the benefit that a per-
formance of the movable operation e.g. for cultivating the
plants is restricted to areas of the plants which indeed
require the cultivation. Instead of for example randomly
moving around and e.g. trying to cut the plants, e.g. grass,
to a certain length, even though no cutting may be re-
quired since the plants have not yet grown to that length,
only cultivation on a real per-need basis may be per-
formed. In another example there may be areas with fast
growing plants and other areas with slow growing plants.
By means of the above described method the frequency
at which the fast growing plants are cultivated may be
"automatically" set higher than the frequency at which
the slow growing plants are cultivated.

[0024] Withregard to the slippage of the wheels of the
vehicle, one advantage could be that it would prevent
any stirring of the ground due to the slippage. However,
since this may require a somewhat adapted driving style
of the vehicle, such an optimization is not carried out for
the entire working area, but only for those areas for which
such a risk of wheel spin is actually present.

[0025] In accordance with an embodiment, each grid
point has associated a respective value of the parameter
characterizing the soil, the clustering comprising a cluster
analysis of the parameter values characterizing the soil
foridentifying groups of ranges of parameter values char-
acterizing the soil, the selected range of the parameter
values characterizing the soil being selected from the
groups of ranges. For example, 3 clusters of ranges of
growth rates of plants could be defined and clustering
could be performed with respect to the growth rate given
for each grid point.

[0026] The determination of the groups or ranges may
be performed using e.g. k-means clustering or hierarchi-
cal clustering. Generally, cluster analysis has plenty of
tools to automate clustering of data such that by means
of the cluster analysis the definition of groups of ranges
can be adapted to the actual real distribution of values
of parameters for the grid points. Forexample, depending
on the time of the season of the year, for all grid points
the growth rate of plants may increase of decrease. in-
stead of using fixed ranges for growth rates which would
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not consider an overall change in growth rate, the cluster
analysis provides a tool to flexibly adapt the ranges to
the actual real growth situation.

[0027] In accordance with an embodiment, each grid
point has associated a respective value of the parameter
characterizing the soil, e.g. the growth rate of the plants
to be cultivated and located at said grid point or the slip
at said point. Execution of the instructions by the proc-
essor further causes the vehicle for performing a param-
eter value prediction, e.g. a growth rate prediction com-
prising for a given one of the grid points: receiving data
valid for said given grid point and being related to the
parameter characterizing the soil, e.g. the growth rate of
the plants to be cultivated and located at said grid point,
and adapting the parameter value characterizing the soil
(e.g. the growth rate) associated with the given grid point
based on the received data. This may have the benefit
that the respective values of the parameter characteriz-
ing the soil are not considered as being constant and
fixed, but that a certain variability regarding these values
is permitted.

[0028] For example, the data may comprise data on
an environmental factor valid for said given grid point and
affecting the parameter characterizing the soil, e.g. the
growth rate of the plants to be cultivated and located at
said grid point or the slip. The environmental factor may
be selected from: sunshine hours, rainfall, soil moisture,
fertilization, season, environmental temperature, wind
speed, wind direction, air humidity.

[0029] For example, the slip may of the vehicle’s
wheels may vary depending on the wetness of the saill,
wherein the slip may also vary in between areas which
are exposed to direct and indirect rainfall. The wetness
of the sail may also affect the growth rate of plants and
different plants in different areas (grid points) may
change their growth rate differently even though they are
subject to the same amount of rainfall. Generally, it may
be known that during certain times of seasons the plant
growth may be denser than during other times of sea-
sons, which may also affect the slip of the vehicle’s
wheels. Sunshine duration and the sun inclination will
affect how fast the soil and the plants comprised by the
soil (e.g. grass) will dry out which will have a direct effect
on the plant’s growth rate.

[0030] It has to be noted that the data on the environ-
mental factor may either be "live" data, i.e. data reflecting
the actual environmental situation of a grid point, or it
may be "forecasted" data, i.e. data that provides an as-
sumption on the environmental situation of a grid point
for a certain point in time in future. The latter may have
the benefit that a clustering can be performed with re-
spect to a precise future planning being possible regard-
ing the performing the movable operation.

[0031] The data on the environmental factor may be
obtained by the vehicle in various ways. One example is
adata measurement by respective sensors of the vehicle
or sensors that are located somewhere in close vicinity
to the vehicle. The data may be transmitted to the vehicle
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wirelessly. Another example is that the data is obtained
from external resources like weather services viae.g. the
internet.

[0032] In accordance with an embodiment, the data is
comprising a deviation in the value of the parameter char-
acterizing the soil as determined by the vehicle using a
comparison of an expected value of the parameter and
an actual value of the parameter as measured by the
vehicle, both valid for said given grid point. This may have
the benefit that the accuracy of the clustering is enhanced
by considering real data instead of only making assump-
tions on e.g. growth rates. For example, growth rates for
plants may be estimated using a model. By means ofthe
deviation in the value of the parameter characterizing the
soil the model may be tuned orimproved over time such
that the accuracy of the determination of the growth rates
for the grid points may be significantly enhanced. The
same holds regarding the slip of the vehicle’s wheels
which may also be predicted using respective models.
[0033] In accordance with an embodiment, the mova-
ble operation is comprising a grass cutting operation, the
actual growth height being measured by the vehicle dur-
ing performing the movable operation, e.g. while moving
on the trajectory, the measurement of the growth height
being performed using at least any of an optical sensor
and the power consumption of the motor used to cut the
grass. The grass height has a direct effect on the power
consumption of the motor - the higher the grass, the high-
er the power consumption.

[0034] In accordance with an embodiment, the sched-
uling is comprising determining a cultivation pointin time
for performing the movable operation, the determination
of the cultivation point in time being based on: at least
some of the values of the parameter characterizing the
soil associated with the grid points of the selected one
or more of the sets of clustered grid points and a soil
parameter threshold required for performing the movable
operation, wherein the soil parameter threshold is a
threshold of the values of the parameter characterizing
the soil. For example, in case of growth rates used as
the parameter characterizing the soil, the determination
of the cultivation point in time is based on at least some
of the growth rates of the plants associated with the grid
points of the selected one or more of the sets of clustered
grid points and as soil parameter threshold a minimum
growth height of plants required for performing the mov-
able operation. For example, in case of the slip being
used as the parameter characterizing the soil, the deter-
mination of the cultivation paoint in time is based on at
least some of the slip values associated with the grid
points of the selected one or more of the sets of clustered
grid points and as soil parameter threshold a maximum
slip value permitted for performing the movable opera-
tion.

[0035] In this context, the formulation "based on at
least some of the values of the parameter characterizing
the soil* may be understood as selecting a suitable ap-
proach like the minimum or the maximum or the average
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of said values of the parameters.

[0036] In accordance with an embodiment, the values
of the parameter characterizing the soil are comprising
values of the slip of the vehicle’s wheels associated with
the grid points of the selected one or more of the sets of
clustered grid points, wherein in case the specific slip
value does not satisfy the soil parameter threshold, the
cultivation point in time is delayed compared to the case
when the specific slip value does satisfy the soil param-
eter threshold. For example, in this scenario the sail pa-
rameter threshold is a maximum of e.g. 10% slip. This
means thatin case of a slip below 10% a respective spe-
cific slip value does satisfy the soil parameter threshold.
In case of e.g. an average of 15% slip with regard to all
grid points of the selected one or more of the sets of
clustered grid points, this would not satisfy the soil pa-
rameter threshold such that in this case the cultivation
point in time is delayed. The purpose of the delay may
be that for example the soil is only cultivated once in a
while, such that the stress on the soil caused by driving
on the floor stays minimized.

[0037] In accordance with an embodiment, execution
of the instructions by the processor further causes the
vehicle for each grid point of a subset of the grid points
at different first points in time performing an initialization
process, the initialization process comprising determin-
ing by the vehicle the value of the parameter character-
izing the soil represented by said grid point. Forexample,
during the initialization process the vehicle randomly
moves over the work area and collects information re-
garding the value of the parameters characterizing the
soil. This does not necessarily mean that for each and
every grid point the information regarding the value of
the parameters characterizing the soil has to be acquired,
e.g. measured by optical means or by traction tests car-
ried out by the wheels of the mower. It is possible to for
example interpolate the values of the parameters char-
acterizing the soil for grid points uncovered by the meas-
urements of the vehicle based on the values of the pa-
rameters acquired for the grid points.

[0038] In accordance with an embodiment, the vehicle
is comprising a Global Navigation Satellite System,
GNSS, receiver, the initialization process further com-
prising: receiving at the first point in time a first set of
GNSS signals from a vehicle base; receiving at the first
point in time a second set of GNSS signals from the
GNSS receiver, determining an accuracy of a location
determination, the location determination being based
on the second set of GNSS signals, the determination of
the accuracy being based on a comparison of the signal
gualities of the first set of GNSS signals and the second
set of GNSS signals.

[00639] The "vehicle base" is understood as a fixed
base comprising a GNSS receiver for receiving the first
set of GNSS signals. The purpose of the vehicle base
may be manifold. For example, the base could serve as
a shelter for the robot to protect it from the weather when
therobotis notin use. The base could serve as a charging
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station for the robot. Or the base could serve as a refer-
ence position for the robot, in which case the exact po-
sition of the base should preferably be known. In this
case a later exact position determination of the robot via
differential GNSS (especially differential GPS) is possi-
ble. Differential Global Positioning Systems (DGPS) are
e.g. enhancements to the Global Positioning System
(GPS) which provide improved location accuracy, in the
range of operations of each system. A fixed ground-
based reference station may be used to broadcast the
difference between the positions indicated by the GPS
satellite system and its known fixed position. Receiver
stations may correct their positions based on that differ-
ence.

[0040] GNSS signals may be signals originating from
satellites of the GPS, GLONASS, Galileo or BeiDou sys-
tem. The GNSS positioning for obtaining a receiver’s po-
sition is derived through various calculation steps. In es-
sence, a GNSS receiver measures the transmitting time
of GNSS signals emitted from four or more GNSS satel-
lites and these measurements are then used to obtain
its position (i.e., spatial coordinates) and reception time.
[0041] it has to be noted that that location determina-
tion does not have to be performed in such a manner that
a real spatial position is obtained from that. It may be
sufficient to calculate the uncertainty that may exist in
case a determination off the spatial position from the sec-
ond set of GNSS signals would be performed. Typically,
trilateration is used for GNSS based spatial position de-
termination, wherein for the above described accuracy
determination it may be sufficient to know "size" of the
zone of uncertainty the spheres in trilateration will inter-
sect.

[0042] In order to permit the robotic vehicle to deter-
mine at which grid point it is actually located, either the
second set of GNSS sighals may be used for that purpose
or other means may be used that permits to determine
the actual location of the vehicle. For example, any kinds
of optical systems, acoustical systems and beacon guid-
ance systems may be used for that purpose. Further, if
available, a deduced reckoning navigation device of the
vehicle may be used for that purpose.

[0043] Embodiments may have the advantage, thatthe
accuracy of a location determination is available at rather
high accuracy. The accuracy of GNSS data may depend
on many factors. One source of errors in the GNSS po-
sition accuracy originate from multipath effects. Multipath
occurs when part of the signal from the satellite reaches
the receiver after one ormore reflections from the ground,
a building, or another object. First at all, these reflected
signals can interfere with the signal that reaches the re-
ceiver directly from the satellite. Second, due to the range
delay in multipath due to the result of the reflection of the
GNSS signal the position as determined using such a
multipath signal is falsified. Another source of errors are
weak signals. Signals from other high-frequency trans-
mitters can interfere with the GNSS receiver even at low
field strengths, resulting in measurement errors and in-
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terference from high-frequency signals. Potential sourc-
es of interference may for example include harmonics of
the transmission frequencies of TV and radio transmit-
ters, mobile telecommunication system networks and ra-
dar transmitters.

[0044] By comparing the signal qualities of the first set
of GNSS signals and the second set of GNSS signals
the (hypothetical) accuracy of a location determination
based on the second set of GNSS signals is not solely
relying on this second set of GNSS signals but also con-
siders the first set of GNSS signals. The signal qualities
like signal-to-noise ratios or signal intensities of the first
and second set of GNSS signals may permit to identify
and omit parts of the second set of GNSS signals that
are of low quality, i.e. that may be multipath signals, sig-
nals disturbed by interreference with other non-GNSS-
based signals etc.

[0045] In one example, an obstacle may shadow
GNSS reception partially at a certain grid point and point
in time. In case the accuracy of location determination
would solely be based on the second set of GNSS sig-
nals, such a grid point may erroneously be evaluated as
a good grid point which position is reliably determinable
using GNSS signals, even though the respective position
determination would be rather imprecise due to multipath
errors and interreferences. By additionally considering
the first set of GNSS signals that was recorded at that
point in time, e.g. multipath errors can be easily detected
due to the spatial distance of the vehicle base GNSS
receiver from the vehicle GNSS receiver and most prob-
ably the absence of similar GNSS signal reflections at
the vehicle base and the GNSS receiver.

[0046] For example, execution of the instructions by
the processor causes the vehicle for performing the mov-
able operation based on the determination of the accu-
racy.

[0047] In accordance with an embodiment, execution
of the instructions by the processor further causes the
vehicle for performing the planning the movable opera-
tion based on at least some of the grid points for which
an accuracy of the location determination is available and
the accuracy of the location determination.

[0048] This may have the benefit that navigation of the
vehicle for performing the movable operation like e.g.
mowing a lawn can be performed at a rather high preci-
sion since only grid points are considered here for which
it can be made sure that an accuracy of the location de-
termination is available. For example, by considering the
accuracy of the location determination only such grid
points may be traveled during the movable operation for
which a certain minimum quality of navigation precise-
ness can be met.

[0049] In accordance with an embodiment of the in-
vention the first and second GNSS signals are received
from satellites that are located at certain satellite posi-
tions in the sky above the base and the vehicle, the com-
parison of the signal qualities of the first set of GNSS
signals and the second set of GNSS signals resulting in
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a quality number per satellite position. This may permit
to have a basis for evaluating the quality of a certain
satellite position for e.g. usage of the respective satellite
GNSS signals for the accuracy determination of the lo-
cation determination.

[0050] In accordance with an embodiment, execution
of the instructions by the processor causes the vehicle
further for performing a predicting process for at least
some of the grid points, the predicting process forecast-
ing the accuracy of a location determination for points in
time future to the respective first pointin time. This may
be beneficial in case during the initialization process
some of the coordinate grid points of the work area where
missed or not covered. By means of the predicting proc-
ess it may be possible to obtain a contiguous area on
which the vehicle can operate. The predicting process
may be the same process that is used to adapt the pa-
rameter value characterizing the soil associated with the
given grid point based on the received data.

[0051] Inaccordance with an embodiment, the predict-
ing process forecasting the accuracy of the location de-
termination for at least some of the grid points of the
subset is using at least one of GNSS Ephemerides, Al-
manacs and satellite repeat cycles applied on the first or
second set of GNSS signals received at the respective
firstpointintime. Broadcast ephemerides are forecasted,
predicted or extrapolated satellite orbits data which are
transmitted from the satellite to the receiver in the GNSS
signal. Alternatively or additionally daily GNSS broadcast
ephemeris files may be used which are may be down-
loaded e.g. via a wide area network and which a merge
of the individual GNSS data files into one file. Compared
to GNSS ephemerides, the GNSS almanacs contains
less accurate orbital information than ephemerides, how-
ever with longer validity. The repeat cycle of a describes
the fact that a satellite generally follows an elliptical path
around the Earth. The time taken to complete one revo-
lution of the orbit is called the orbital period. The satellite
traces out a path on the earth surface, called its ground
track, as it moves across the sky. As the Earth below is
rotating, the satellite traces out a different path on the
ground in each subsequent cycle. The time interval in
which nadir point of the satellite passes over the same
point on the Earth’s surface for a second time (when the
satellite retraces its path) is called the repeat cycle of the
satellite.

[0052] Any of these GNSS Ephemerides, Almanacs
and satellite repeat cycles may be used to predict at
which point in time in the future a satellite constellation
may be available again that in a certain manner reflects
the satellite constellation for the given grid point that was
given during the initialization phase. This may permit a
reliable and easy future planning of future movable op-
eration of the vehicle. Simply spoken, in case for certain
satellite constellation at a certain the grid points and time
the accuracy of location determination that was consid-
ered as being a good, this fact can be used at the future
point in time thus also knowing in that in that future point
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in time the quality of position determination of the vehicle
will be also good.

[0053] Inaccordance with an embodiment, the predict-
ing process forecasting the accuracy of the location de-
termination is comprising: forecasting a reception of first
or second GNSS signals for said points in time future to
the first point in time from satellites located at a sky area
around the certain satellite positions, the accuracy of the
location determination being forecasted using the fore-
casted reception of the first or second GNSS signals.
[0054] This may have the benefit that only GNSS sig-
nals originating from satellites and is sky area in close
vicinity to the certain satellite positions are used for fore-
casting the reception of the first and second GNSS sig-
nals for a future point in time. As mentioned above, this
may permit a reliable and easy future planning of future
movable operation of the vehicle.

[0055] Forexample, per satellite position the forecast-
ing of the accuracy of the location determination is per-
formed using either the forecasted reception of the first
GNSS signals weighted by the quality number of that
satellite position or the forecasted reception of the sec-
ond GNSS signals excluding GNSS signals from satellite
positions for which the quality number does not fulfill a
first minimum quality criterion.

[0056] Here, the first alternative realizes that certain
first GNSS signals may be blocked at the grid point due
to obstacles. Blocking may be only partially or complete-
ly, which however has certain negative effect on the qual-
ity of position determination. The weighting of a first
GNSS signal received from certain satellite position with
the quality number of that satellite position therefore ac-
counts for that possibility that in the end that satellite po-
sition may be partially or fully shadowed and therefore
not be fully available for a high-quality location determi-
nation. The quality number may for example be a ratio
between the second GNSS signal and the first GNSS
signal intensities or S/N-ratios. Any other means that re-
flect the quality of a received signal may also be em-
ployed here.

[0057] Inthesecond alternative only the second GNSS
signals our used, however with the limitation that GNSS
signals are excluded in case the quality number does not
fulfill certain first minimum quality criterion. This may
have the benefit that satellite signals are excluded from
any forecasting of signal receptions from which it is
known that they may negatively influence the location
determination procedure.

[0058] In accordance with an embodiment, the sky
above the base and the vehicle is represented by a set
of discretized zones, the sky area around a certain sat-
ellite position being confined by the boundaries which
confine the zone in which the satellite position is located.
For example, the sky above the GNSS receiver of the
vehicle may be projected onto a 2D matrix represented
by a coordinate grid, the coordinate grid forming individ-
ual zones. A skyplot provides the possibility to represent
satellite positions within such a 2D matrix in a polar pro-
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jection. The position of the satellite inside the outer circle
of such a skyplot indicates the two angles azimuth and
elevation. The azimuth may be drawn as central angle
and the elevation may be provided as circle radius. Dif-
ferentelevations may correspond toindividual grid circles
of respectively different diameters. The individual azi-
muth angles may be represented as lines originating from
the center of the skyplot towards the outer circle. These
lines therefore also correspond to parts of the coordinate
grid. In total, the coordinate grid is made up of the circles
and the lines.

[0059] By using askyplotitis not necessary tojustrely
on asingle exact satellite positionin the sky butto account
for the fact that certain variation of the given satellite po-
sition in the sky around that satellite position will not sig-
nificantly affect the total quality of location determination
in case the reception conditions of signals from this sat-
ellite position was considered as being good or sufficient
enough.

[0060] In accordance with an embodiment of the in-
vention, the predicting process is further comprising de-
termining a sky area of good reception which comprises
at least some of the certain satellite positions for which
the quality number of that satellite position fulfills a first
minimum quality criterion, the sky area around a certain
satellite position being confined by the boundaries which
confine the sky area of good reception. This may be ben-
eficialin case the higher number of satellites are available
for which the quality of signal reception is rather good.
In case the satellites are evenly distributed over the sky,
certain shadow areas may be easily the identifiable. In
the case from the satellite positions for which the quality
number fulfills the first minimum quality criterion it is pos-
sible to draw as a contour line regarding the shadowed
area, any position the of the sky outside the shadow area
can be considered as the area of good reception. As a
consequence, it may again not be necessary to just rely
on asingle exact satellite positionin the sky butto account
for the fact that a variation of location of the satellite po-
sitions within the area of good reception in the sky will
not significantly (if at all) affect the total quality of location
determination.

[0061] In accordance with an embodiment, the deter-
mination of the accuracy of the location determination is
only considering GNSS signals from satellite positions
for which the quality number of that satellite positions
fulfills a first minimum quality criterion. This principle may
be applied as a general rule within the whole described
process as it may ensure that the determination of the
accuracy of the location determination is only performed
with the respect to signals that meet a certain quality. It
has to be noted that the quality number may comprise,
as described above, a ratio between the second GNSS
signal and the first GNSS signal intensities or S/N-ratios.
[0062] The quality number may also rate the position
of the individual satellites in the sky. For that purpose, a
weighting of the quality number by the Dilution of preci-
sion (DOP) may be used such that for certain unfavorable
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satellite constellations the respective quality numbers
may be automatically negatively influenced. Generally,
the relative satellite-receiver geometry plays a major role
in determining the precision of estimated positions. When
visible navigation satellites are close together in the sky,
the geometry is said to be weak and the DOP value is
high; when far apart, the geometry is strong and the DOP
value is low. Thus, a low DOP value represents a better
positional precision due to the wider angular separation
between the satellites used to calculate the vehicle’s po-
sition.

[0063] Inaccordance withan embodiment, incase with
respect to a given grid point the quality number for a
certain satellite position does not fulfill a first minimum
quality criterion, for that grid pointany GNSS signals from
said satellite position are excluded for the planning of the
movable operation. In case for example the vehicle is
crossing a given grid point multiple times and it occurs
once that a GNSS signals from a certain satellite position
does not fulfill the first minimum quality criterion, for the
planning of the movable operation GNSS signals origi-
nating from that certain satellite position will always be
excluded, irrespective if later on the quality of GNSS sig-
nals originating from that certain satellite position may
improve. This may have the benefit that for all times a
rather robust approach is provided based on which a pre-
cise navigation of the vehicle is possible using as trajec-
tory at least part of the grid points for which then accuracy
of the location determination is available and the accu-
racy of the location determination is sufficiently high. For
example, a large vehicle like for example a caravan may
obstruct at a given grid point some GNSS signals from
certain satellite positions. Irrespective if the caravan is
present or not, the approach is based on the worst-case
scenario in which the caravan is present regarding the
planning of the movable operation. Thus, it may be en-
sured that soil cultivation will be possible at high posi-
tioning precision, irrespective if the caravan is there or
not.

[0064] This principle of exclusion of satellite positions
holds true for both, the initialization phase in which state
of for the same grid points may be recorded multiple times
as different points in time, as well as for the actual soil
cultivation process, i.e. the movable operation during
which a grid point used in the initialization phase or later
may also be crossed once or multiple times.

[0065] Inaccordance with an embodiment, the predict-
ing process is comprising an interpolation, the interpola-
tion being performed for at least some of the grid points
for which the accuracy of a location determination for
points in time future to the respective first pointin time is
yet unavailable, the interpolation considering grid points
e.g. directly adjacent to each other forwhich the accuracy
of a location determination for points in time future to the
respective first pointin time is available, the interpolation
resulting in estimated accuracies of location determina-
tion for the grid points for which the interpolation was
performed. As mentioned above, the interpolation may
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also be used to interpolate the values of the parameters
characterizing the soil for grid points uncovered by the
measurements of the vehicle (for which no parameters
characterizing the soil are yet available) based on the
values of the parameters acquired for the grid points.
[0066] This mayhavethebenefitthatitis notnecessary
to have an initialization phase that covers all grid points
of the work area and which consequently it would take
significant amount of time for GNSS acquisition. Instead,
the interpolation is performed which assumes that for ex-
ample for neighboring grid points the variation in location
determination accuracy will only vary by small amounts.
The interpolation may further consider the course of the
location determination accuracy between different grid
points, such that with a rather high precision an estima-
tion can be made regarding the location determination
accuracy for neighboring grid points.

[0067] In accordance with an embodiment, during the
initialization process the vehicle is randomly moving with-
in the work area, the random movement directing the
vehicle to the grid points of the subset of the grid points.
Forexample, the grid points of the subset may result from
the random movement of the vehicle. Vice versa itis also
possible that the grid points of the subset are randomly
selected and that the vehicle is then directed randomly
to these grid points. Generally, this may have the benefit
that the individual grid points are more or less evenly
distributed over the work area such that each for example
the above-mentionedinterpolation is effectively available
for being performed for a large number of grid points. A
further benefitmay be that due to the random distribution
of the grid points when aborting the initialization process
it is highly probable that the accuracy of a location deter-
mination is available for a more or less equally distributed
subset of the grid points. This would be helpful for pro-
viding a good coverage of the work area with accuracies
of location determination being directly available via the
received GNSS data or indirectly available via interpola-
tion for the major part of the work area.

[0068] In accordance with an embodiment, the plan-
ning of the movable operation comprises the clustering
of at least some of the grid points, e.g. based on the
criterion that the clustering is performed for at least some
of the grid points for which the accuracy of the location
determination is available, the clustering resulting in the
sets of clustered grid points, wherein for each set of the
clustered grid points starting from a respective second
point in time moving of the vehicle along said set of clus-
tered grid points guided using a third set of GNSS signals
received from the GNSS receiver during said movement
is possible with an accuracy of the location determination
during the guiding fulfilling a second minimum quality cri-
terion. Preferably, for a given one of the sets each of the
grid points have at least one immediately adjacent grid
point in that set.

[0069] The clustering may have the benefit that a basis
is provided on which a scheduling of the moveable op-
erationis possible inaneasy manner. Generally, the clus-
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tering ensures that starting from a certain time in future
the vehicle is able to navigate along grid points of a set
of clustered grid points in such a manner, that the quality
of navigation is sufficiently high, i.e. that a precise navi-
gation in terms of location determination is guaranteed.
[0070] A navigation of a vehicle is understood as a
guiding of the vehicle to a desired grid point using the
vehicle's position detector to determine the vehicle’s real
position relative to the desired grid point.

[0071] [n accordance with an embodiment, the work
area is comprising boundaries confining the work area,
wherein for grid points lying within a predefined boundary
zone bordering the boundaries the second minimum
quality criterion is tightened up, for example by a relative
value, for example a value in between 10% and 30%.
This may have the benefit that an unintentional move-
ment of the vehicle out of the work area is prohibited due
to an imprecise location determination at the boundaries
of the work area. The predefined boundary zone may be
an edge strip with a given width, which borders with a
side directly to the boundaries.

[0072] Inaccordance with an embodiment, atleastone
of the predicting process and the clustering are compris-
ing for a grid point: adjusting the associated accuracy of
location determination taking into account that the posi-
tion determination is additionally performed using a de-
duced reckoning position estimate obtained from a de-
duced reckoning navigation device of the vehicle. For
example, the taking into account that the position deter-
mination is additionally performed using the deduced
reckoning position estimate is restricted to grid points
located within a maximum predefined distance from a
grid point for which the unadjusted associated accuracy
of location determination fulfills the second minimum
quality criterion.

[0073] A "deduced reckoning navigation device" may
comprise anyone of a direction component that can re-
ceive x-axis and y-axis acceleration information from
sensars, e.g., gyroscopes and accelerometers, gravita-
tional sensors. Further, it may comprise compresses,
odomemetric sensors etc. Odometric sensors are gen-
erally motion sensors which provide motion in formation
forusage in cdometry, i.e. aninformation about a change
in position over time. Odometry makes for examples us-
age of the knowledge about the vehicles driving wheel
circumference and recorded wheel rotations and steering
direction in order to calculating the vehicle’s current po-
sition by using a previously determined (reference) po-
sition. Generally, a deduced reckoning navigation device
in the context of the present disclosure is a device that
besides GNSS signalinformation uses any available sen-
sor information for dead reckoning. In navigation, dead
reckoning is the process of calculating one’s current po-
sition by using a previously determined position, or fix,
and advancing that position based upon known or esti-
mated speeds over elapsed time and course.

[0074] This is based on the insight that even without a
high-quality tea GNSS location determination being
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available, starting from a precisely known location and
using additionally that deduced reckoning position esti-
mate itis still possible to supplement the GNSS location
determination with additional deduced reckoning position
data standing for example from odometry, such that in
total the accuracy of location determination is sufficiently
high for performing the movable operation.

[0075] Since the usage of the deduced reckoning po-
sition estimate is restricted to grid points located within
a maximum predefined distance from a grid point, it may
be ensured that location determination errors occurring
when using the deduced reckoning position estimate are
not accumulating in a manner that the total accuracy of
location determination would be influenced in a negative
manner.

[0076] In accordance with an embodiment, the plan-
ning of the movable operation is comprising scheduling
the movable operation for obtaining a movement trajec-
tory of the vehicle for performing the movable operation,
the scheduling comprising selecting one or more of the
sets of clustered grid points, the movement trajectory
comprising the grid points of the sets of clustered grid
points. This may have the benefit that either starting from
the desired point in time for example set by a user the
actual movable operation is performed, or that the sched-
uling itself is selecting at most suitable starting point in
time based on the clustered grid points starting from
which the movable operation can be performed in e.g. a
rather efficient manner. Forexample, an efficientmanner
would be a manner in which in a consecutive way the
majority of clusters grid points can be covered by the
movement trajectory.

[0077] In accordance with an embodiment, execution
of the instructions by the processor further causes the
vehicle for performing the movement of the vehicle to
said selected one or more of the sets of clustered grid
points and repeating the steps of the initialization process
during the movement for the grid points traveled during
the movement and with the first point in time being the
actual point in time of movement on the respective grid
point. Additionally or alternatively it is possible to acquire
parameter values characterizing the soil and use these
values to update existing values for the respective grid
points, e.g. adapt the parameter values as described
above or to assign parameter values in case the respec-
tive have not yet the e.g. measured or determined pa-
rameter values assigned.

[0078] As aconsequence, the available data regarding
location determination accuracy is more and more com-
pleted with real measurements data of GNSS signals for
different points in time. For example, the movement of
the vehicle may also in walls movement over grid points
for which only interpolation accuracy data is available.
This interpolation accuracy data can then be completed
by real measurement data based on GNSS signals. That
repetition of the steps of the initialization process may
also involve further interpolation, predicting and taking
into account that the deduced reckoning position esti-
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mate may be used.

[0079] In accordance with an embodiment, the vehicle
is further comprising a compass, wherein execution of
the instructions by the processor further causes the ve-
hicle for performing the planned movable operation re-
sulting in a movement of the vehicle, wherein in case
moving of the vehicle guided using the GNSS signals
received from the GNSS receiver during said movement
is hot possible any more with an accuracy of the location
determination during the guiding fulfilling a fourth mini-
mum quality criterion: determining the heading of the ve-
hicle using the compass, determining the compass di-
rection in which the area lies, in which the vehicle was
last guided with the accuracy of the location determina-
tion during the guiding fulfilling the second minimum qual-
ity criterion. This may be considered as for example a
backup solution in a case for whatever reason the vehicle
getsdisplaced in an unforeseen manner from the position
in which the vehicle was last guided. For example, the
vehicle may get offset by being hit by person or an animal
or the vehicle may start to slip into a certain direction on
a step hill. With the fourth minimum quality criterion hav-
ing a requirement on quality lower than the second min-
imum quality criterion, the vehicle may not be able to
determine its actual location in the precise manner. Nev-
ertheless, by using the heading of the vehicle using its
compass and the compass direction in which the area
lies in which the vehicle was last guided with the accuracy
of the location determination during the guiding fulfilling
the second minimum quality criterion, itis possible to turn
the vehicle and move it towards the area using a compass
based navigation approach.

[0080] In another aspect, the invention relates to a
method for operating a robotic vehicle for movable oper-
ation in a work area, the movable operation comprising
a soil cultivation, the work area being represented by a
set of discretized coordinate grid points, the method com-
prising planning the movable operation, the planning
comprising clustering of at least some of the grid points,
wherein the clustering results in sets comprising some
of the grid points, wherein preferably for a given one of
the sets each of the grid points have at least one imme-
diately adjacent grid pointin that set, and for all grid points
in the set a value of a parameter characterizing the soil
represented by said grid points satisfies a soil criterion
for performing the movable operation, wherein the mov-
able operation is performed based on the sets of grid
points. This method may for example be a computer im-
plemented or it may be realized by an Application-Spe-
cific Integrated Circuit (ASIC).

[0081] In another aspect, the invention relates to a
computer program product comprising computer execut-
able instructions to perform the method as described
above.

[0082] The above described examples and embodi-
ments may be combined freely as long as the combina-
tions are not mutually exclusive. It further has to be noted
that in case above it is understood that any mentioned
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first minimum quality criterion is always the same first
minimum quality criterion, any mentioned second mini-
mum quality criterion is always the same second mini-
mum quality criterion.

[0083] In the following, embodiments of the invention
are described in greater detail in which

Figure 1 shows robotic vehicle performing an initial-
ization process in a work area,

Figure 2 shows different modes of performing the
movable operation on a flat and sloped area,

Figure 3 is a schematic illustrating the fragmentation
of sets of clusters a work area,

Figure 4 is a schematic illustrating the fragmentation
of sets of clusters a work area,

Figure 5 is schematic of robotic vehicle,

Figure 6 is a flowchart of a method for operating a
robotic vehicle,

Figure 7 shows robotic vehicle performing an initial-
ization process in a work area,

Figure 8 illustrates an exemplary skyplot as seen
from the vehicle,

Figure 9 shows different combined skyplots at differ-
ent points in time for the given grid point,

Figure 10 shows a first set of clustered grid points
with respect to a given starting time point,

Figure 11 shows a second set of clustered grid points
with respect to another a given starting time point,

Figure 12 is a flowchart of method for operating a
robotic vehicle,

Figure 13 is a flowchart illustrating a clustering proc-
ess.

[0084] In the following similar features are denoted by
the same reference numerals. Without restriction to gen-
erality in the following it is assumed that the robotic ve-
hicle is a lawnmower and that the soil cultivation is the
mowing of the lawn of a work area. Figure 1 illustrates a
lawnmower 100 located within a work area 108 to be
processed. The work area 108 is represented by a set
of discretized coordinate grid points 112. As a result, the
work area 108 is divided upinto set of individual tiles 110.
[0085] The vehicle 100 is comprising a controller,
which is illustrated in the inset of figure 1. The controller
118 comprises a processor 120 and a memory 122. That
memory stores instructions 124, wherein execution of
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the instructions by the processor causes the vehicle for
planning a movable operation, the planning comprising
clustering of at least some of the grid points, wherein the
clustering results in sets comprising some of the grid
points. For a given one of the sets, preferably each of
the grid points have at least one immediately adjacent
grid point in that set, and for all grid points in the set a
value of a parameter characterizing the soil represented
by said grid points satisfies a soil criterion for performing
the movable operation. Execution of the instructions by
the processor further causes the vehicle for performing
the movable operation based on the sets of grid points.
[0086] Forexample, the vehicle 100 is an autonomous
mowing robot and the working area 108 is a lawn to be
mowed. The soil thus has grass blades that have to be
mown to a certain length by the lawn mower 100. In order
to avoid permanently arbitrarily mowing the lawn, even
if this were not necessary at all, clustering is carried out
by means of the instructions 124. Clustering results in
sets of grid points, where the grid points of a set have
one thing in common, for example a minimum grass
length. Another possibility could be that the clustered grid
points have one thing in common with regard to the trac-
tion with which the mowing robot can move on the lawn.
Another common feature could be that the clustered grid
points are all located in an area with a similar slope in-
clination.

[0087] The result of the latter variant of clustering is
shown in Figure 2 below. In Figure 2, the work area 1108
is clustered into two areas 1208 and 1204, where the
area 1208 has an average slope inclination of 10% and
the area 1204 has an average slope inclination of >25%.
The movement trajectory 1200 and 1202 of the mowing
robot are each adapted to a clustered area. In the area
208, the movement trajectory 1200 is shaped in such a
way that the mowing robot travels in parallel paths
through the area 1208 and performs a 180° turn with
each reaching of the area limit 1210. In Figure 2, for ex-
ample, the paths extend in the direction perpendicular to
the longitudinal extension of area 1208. However, this
can also be done parallel to the longitudinal extension of
area 1208.

[0088] With regard to the area 1204, which thus has a
clustered set of grid points for which the average slope
inclination is greater than 25%, the movement trajectory
1202 is changed compared to the movement trajectory
2100 in such a way that no 180° turn of the mowing robot
takes place when the area boundary 1204 is reached,
but the mowing robot merely reverses its direction of
movement and performs a minimal rotational movement
in the area of the area boundary 1204, for example by
10°. This minimal rotary movement is dimensioned in
such a way that, with regard to the opposite movement
of the mowing robot, the current mowing area overlaps
with the mowing area of the previous direction of move-
ment. The trajectory 1202 runs essentially perpendicular
to the average gradient direction 1212 of the area 1204.
Figure 3 exemplarily shows the result of a clustering. With
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regard to lawn 108, 3 sets of cluster grid points 300 re-
sulted from the clustering, namely sets 1302. As can be
seen in Figure 3, these three sets are spatially separated
from each other, i.e. cannot be traversed without a gap.
This would mean, for example, that after the start of the
mowing operation with regard to the right cluster 1302,
the mowing robot would have to cover a distance to the
middle cluster 1302 without being able or allowed to mow
inthisrespect. The same applies to the distance the mow-
ing robot would have to travel between the middle cluster
and the left cluster. A corresponding trajectory 1200 is
shown in Figure 3, starting with cluster point 1300 at the
bottom right.

[0089] Inordertoincrease the efficiency of any mowing
operation, it is proposed to analyze the degree of frag-
mentation with respect to the areas covered by the tra-
jectory 1200 (given by the sets 3102 of grid points 1300).
If the fragmentation is too high, the criteria for clustering
canbe progressively relaxed until afragmentation results
that is desired. If, for example, the criterion for clustering
in Figure 3 was that the parameter value "grass height"
was at least 6 cm, this parameter value could now be
reduced to a grass height of 5 cm. If, for example, the
mowing robot cuts the lawn to a length of 5 cm when
driving on the trajectory, the trajectory could also include
areas where it is pointless to cut, since the length of the
lawn is already 5 cm. However, all intermediate areas of
grass lengths =5 cm are covered.

[0090] The result of loosening the parameter value
"grass height"to 5 cmis shownin Figure 4. The clustered
grid points 1300 marked with a star are now additionally
contained in the set of grid points of the cluster 1302, so
that now a trajectory 1200 can be selected, which starts
at the top left and covers all cluster points continuously
to the top right.

[0091] Figure 5 illustrates a schematic of a robotic
lawnmower 100 which comprises a GNSS receiver 1510
and afurther sensor 1502 that may be used as a deduced
reckoning navigation device in order to support the de-
termination of the location of the lawnmower 100. For
example, the sensor 1502 is a camera or a radar sensor
which is able to acquire precisely a movement and/or
location of the mower 100. The rotation of the wheels
1500 may also be used for obtaining a deduced reckoning
position estimate. The lawnmower 100 further comprises
a rotating blade 1504 for cutting grass and the controller
118. An engine 1506 is powered by a battery 1508,
wherein the engine 1506 is coupled to the wheels 1504
moving the mower from the one grid points to the next
grid point. The battery 1508 may be recharged using a
base which is somewhere located either within the area
108 or on the outside border of the area 108.

[0092] Figure 6 is a flowchart illustrating a method of
operating a robotic vehicle for movable operation in a
work area. The method starts with step 600 and the clus-
tering of at least some of the grid points of the work area.
Generally, for a set of clustered grid points a value of a
parameter characterizing the soil represented by said
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grid points satisfies a soil criterion for performing the mov-
able operation. For example, the parameter characteriz-
ing the soil may be a slip of the vehicle’s wheels to be
used for the movement of the vehicle on the working area
for performing the movable operation. In this case, the
soil criterion could be a selected range of slips, e.g. from
0-10%. This means, that all grid points for which the slip
is in between 0 and 10% will be clustered into one set of
grid points. It has to be noted, that the following discus-
sion can be analogously adapted to other parameters
like growth rate of plants, slope of parts of the work area
etc.

[0093] This isfollowed by a scheduling process in step
602 which selects sets among the sets of clustered grid
points obtained from step 600. For the selected sets, a
movement trajectory for the vehicle is determined. This
movement trajectory covers all the selected sets of clus-
tered grid points.

[0094] Instep 604 it is checked whether the degree of
fragmentation of the work area with respect to subareas
of the area covered by the trajectory is above a prede-
fined fragmentation threshold. For example, in case the
subareas of the area covered by the trajectory are not
seamlessly (with regard to grid points) concatenated by
the trajectory, a certain fragmentation results. In case the
fragmentation is above the predefined fragmentation
threshold, the method continues with step 606 and the
relaxation of the sail criterion within specified limits. In
the above example the selected range of slips may be
relaxed, e.g. to 0-15%. Then the method continues as
described above with step 600.

[0095] In case the fragmentation is below the prede-
fined fragmentation threshold, the method continues with
step 608 and the performance of the movable operation.
During the performance of the movable operation and/or
independent of the movable operation, the vehicle re-
ceives in step 610 environmental data. The environmen-
tal data describes for example a predicted rainfall or an
actual rainfall with regard to the work area. The resulting
wet surface of the work are may directly influence the
slip of the vehicle.

[0096] The method may either continue with step 614
with a check, if an adaptation of the parameter values
"slip" available for the grid points is to be updated regard-
ing the new environmental data or not. An adaptation of
the parameter values for the grid points may also affect
the clustering, such that the method may continue with
step 600. This could go so far that even the current move-
ment process of the vehicle is aborted, and the trajectory
in step 602 results in a changed manner after a new cal-
culation.

[0097] It should be noted that the environmental data
in step 610 can also contain measurement data, for ex-
ample regarding the current growth height of the plants
to be processed. If, forexample, assumptions were made
about the growth rate of the plants to be cultivated after
an initial recording of parameters, for example during an
initialization phase of the vehicle, these assumptions may
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nothave been completely accurate. Since Clustering 600
always focuses on future processing of the work area,
i.e.requires certain predictions of plant growth, the meas-
urement data obtained in step 610 could be used to op-
timize the model used to predict the growth rate. This
optimization then takes place in step 614.

[0098] Ifnoadjustmentofthe parametervalues oreven
an optimization of the model is necessary in step 614,
the procedure continues in step 602, where the sched-
uling is performed for future times. If it is necessary to
adjust the parameter values, the procedure continues
with a new clustering in step 600.

[0099] Figure 7 is based on figure 1 and additionally
shows that the vehicle 100is comprisinga GNSSreceiver
106. Additionally to the features described above, the
initialization process to be carried out based on the in-
structions 124 comprises receiving for given grid point at
a certain time point at first set of GNSS signals from the
vehicle base 104 which itself comprises a respective
GNSS receiver 102. The base 104 is fixed and not mov-
able, whereas the vehicle 100 can move over the lawn
108 to different grid points.

[0100] At each grid point and respective point in time
the initialization process comprises receiving a first set
of GNSS signals 114 from the GNSS receiver 102 and
receiving a second set of GNSS signals 116 from the
GNSS receiver 106. The first set of GNSS signals and
the second set of GNSS signals were acquired at the
same point in time by the respective GNSS receivers.
The controller uses these two sets of GNSS signals using
its instructions 124 to determine an accuracy of location
determination based on a comparison of the signal qual-
ities of the first and second set of GNSS signals 114 and
116, respectively. It will be understood that any further
algorithms and computational approaches that will be
discussed below are also performed by the controller us-
ing the instructions 124.

[0101] As illustrated in figure 8, at a given grid point
112 the receiver 106 receives the GNSS signals 116 and
114 from different satellites 200 located at various satel-
lite positions in the sky above the vehicle and the base.
For some of the satellites 200 there may exist a direct
line of sight between the GNSS receiver 106 and the
respective satellite, whereas some GNSS signals may
be blocked by obstacles, like for example the tree 500
as illustrated in figure 8. As a consequence, the signal
gualities of the second set of GNSS signals 116 may
variety from satellites to satellite.

[0102] The location of the satellite positions in the sky
above the vehicle and the base may be represented using
a skyplot 202, as illustrated in the inset of figure 8. The
skyplot 202 is represented by a coordinate grid 204 and
205 forming individual zones 206. The position of the
symbols 208 inside the outer circle 204 the skyplot indi-
cate the satellites 200 at two angles azimuth and eleva-
tion. The azimuth is drawn as central angle and the ele-
vation is provided as circle radius. Different elevations
correspond to individual grid circles of respectively dif-
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ferent diameters. The individual azimuth angles are rep-
resented as the lines 205 originating from the center of
the skyplot towards the outer circle.

[0103] Inthe following it is assumed that the base has
a full view of all satellites in the sky above a certain min-
imum elevation angle. Further it is assumed, that either
the first set of GNSS signals 114 is uncorrected by the
controller 118 when comparing the signal qualities of the
first set of GNSS signals and the second set of GNSS
signals. Uncorrected means here that the skyplots of the
base and the mower are not adapted with respect to each
other due to a different perspective the respective GNSS
receivers have on the same satellite constellations. This
is because typically the mower 100 and the base 104 are
located at rather short distances relative to each otherin
such a manner that the position of satellites within the
respective skyplots only differ from each other within an
irrelevant amount. The only requirement is that GNSS
signals from different satellites as seen from the base
and the mower can be associated with each other for
performing the comparison of the signal qualities. How-
ever, in case the base 104 and the mower 100 are located
at larger distances away from each other, the respective
positions of the satellites 208 in the skyplots may be ad-
justed taking into account the different locations of the
base and the mower.

[0104] With respect to the GNSS signals from a given
satellite, these signals are compared with each other re-
sulting in a quality number per satellite position. For ex-
ample, the signal-to-noise ratios SN of the GNSS signals
of a GNSS satellite at the base (SN1) and the mower
(SN2) are used for that purpose. The quality number Q
may then be given by the quotient Q=SN2/SN1. In case
the quotient Q is close to 1, this corresponds to a good
signal quality and in case the quotient Q is close to 0,
this corresponds to a bad signal quality.

[0105] Inafirst step, for the given grid point any GNSS
signals from satellite positions will be ignored for which
the quality number Q does not fulfill a first quality criterion.
For example, the first quality criterion may be that the
signal quality needs to be higher than 0.8. In the below
example the satellite located in the zone number 7 is
excluded from any further accuracy calculations of the
vehicle location because its quality number is below the
quality criterion.

Zone 206 | Quality Number Q
3 0.95

7 0.3

9 0.85

13 0.9

[0106] From all remaining satellite positions and the
corresponding GNSS signals a practical or hypothetical
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accuracy of a location determination is calculated. This
results in the following assignment of time pointt of GNSS
data acquisition, grid point GP and accuracy A:

t GP A

27.04.2017,08:43:12 | (12;56) | 5cm
28.04.2017,13:37:19 | (12;56) | 8cm
27.04.2017, 08:44:46 | (12;59) | 5cm

[0107] The content of the skyplot is illustrated in figure
9 for different points in time for a given grid point. The
skyplots in figure 9 are skyplots, which already contain
the combined information resulting from the comparison
of the signal qualities of the first and second set of GNSS
signals, i.e. they are based on the quality number Q. The
reason for having the different skyplots in figure 9 is, that
for example during the initialization phase the mower
moved several times over the same given grid point,
wherein each time a respective skyplot was recorded.
This corresponds to for example the different time points
as shown in the table above, 27.04.2017, 08:43:12 and
27.04.2017,08:44:46. Another reason may be thatduring
the actual mowing process the mower has also recorded
the actually received second set of GNSS signals at the
given grid point and is therefore able to generate addi-
tional skyplots from these signals.

[0108] Infigure 9A, four satellite positions are illustrat-
ed, wherein one lower right zone of the skyplot contains
arepresentation of satellite position 208 inashaded man-
ner. In the table above, this corresponds e.g. to the sat-
ellite in zone number 7 which due to its low-quality
number was excluded from any further accuracy calcu-
lations. As a consequence, for all times in future that re-
spective zone number 7 will be ignored irrespective if
later on the quality number may improve or not.

[0109] Ithastobe noted that one may define scenarios
in which that exclusion of such a zone is reversed. One
example may be that during later travels of the mower
over the grid point the quality number for that zone fulfills
n successive times the first quality criterion. The scenario
may then be that in case n>m, m being a predefined
number, the exclusion of the zone is reversed. In this
case, the original measurement regarding the signal
quality of that respective GNSS signal which led to the
exclusion of the zone may be disregarded, while option-
ally any previous signal qualities that where determined
for the zone may be considered for a respective recalcu-
lation of the accuracy of the location determination for
previous points in time.

[0110] Figure 9B shows the skyplot 202 of the same
grid points at second point in time. Compared to the sky-
plot of figure 3A, the skyplot is representing a further sat-
ellite position that also has quality number that does not
fulfill the first quality criterion (shaded position on the top
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left). Consequently, this zone will also be excluded from
any future accuracy determinations.

[0111] Fromfigure 9A it becomes clear, that regarding
the given point in time three satellites can be used for
determining and the accuracy of determination or calcu-
lation of the location of the mower at the given grid point.
lthas to be noted here that it is clear for the skilled person
that in practice a position determination using only three
satellites is not possible. Discussion is only for illustrative
purposes and the skilled person will be able to extend
the discussed principles to a number of satellites that is
sufficient for performing a precise location determination.
[0112] Since in the figure 9B only two satellites are
available for the respective determination of an accuracy
of location determination, this means that the accuracy
for the time point at which the data for figure 3B was
acquired is lower than the accuracy for the time point at
which the data or figure 3A was acquired. Comparing
figures 9A and 9B also illustrates that it is possible that
the satellite positions may vary within the zones 206
slightly. The size of the zones may be adapted according
to the needs of accuracy and the number of time points
for which GNSS signal acquisition is available or desired.
[0113] Infigure 9C, only the signals from two satellites
are available, all having signal qualities that are fulfilling
the first quality criterion.

[0114] Figure 9D shows a different approach. Here,
the skyplot is divided into a blank area 302 and a shaded
area 300. The shaded area 300 comprises one satellite
position 208 for which the signal quality does not fulfill
the first quality criterion. This shaded area 300 is flanked
by a set of further satellite positions 208 for which the
signal quality does fulfill the first quality criterion. In case
a sufficient number of satellites is available which are
arranged in a favorable constellation around a satellite
position for which signal quality does not fuffill the first
quality criterion, boundaries 304 may be calculated that
delimit the blank area 302 as an "area of good reception”
from the shadowed area 300. Instead of excluding a spe-
cific zone from any further accuracy calculations of the
vehicle location because its quality number is below the
quality criterion, the approach in figure 9D permits the
possibility to exclude extended specific areas 300 from
such calculations (or vice verca restrict the calculations
to the specific area 302).

[0115] After having a determined for different time
points and grid points the respectively achievable accu-
racy of the location determination of the mower, itis now
the goal to determine for future points in time when to
start a mowing process. Since satellite constellations re-
peat periodically within satellite repeat cycles and since
satellite constellations or satellite positions are predicta-
ble for future points in time using GNSS Ephemerides or
Almanacs, it is possible to perform a predicting process
for at least some of the grid points and for forecasting
the accuracy of the location determination for points in
time in future.

[0116] However, this only holds true for grid points for
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which already GNSS signals where acquired in the past.
For grid points that are not yet covered by the mower e.g.
during the initialization phase, an interpolation maybe
performed. The interpolation is starting from grid points
for which the accuracy of a location determination is al-
ready available, either from direct measurements or from
the above-mentioned predictions.

[0117] As aresult, for different points in time and grid
points a dataset is obtained which comprises a mix of
accuracy of location determinations, determined either
from the direct measurements, predictions or interpola-
tions.

[0118] From such a dataset, a clustering of grid points
can be performed. For example, the clustering clusters
all grid points together in a suitable manner such that
within the next 24 hours, 48 hours or any arbitrary time
span the mower is able to process the lawn by means of
mowing operation and a respective movement trajectory
that covers these clustered grid points. The clustering
may select a suitable starting time point for the mowing
operation.

[0119] Figure 10 shows a first set of clustered grid
points with respect to a given starting time point. The
clustering is assumed to include as criterion one of the
above described parameters characterizing the soil. Ad-
ditionally, the clustering is based on the accuracy of the
location determination, determined as described above.
[0120] Withinthe grid 108 the individual grid points are
either marked with filled circles, empty circles or stars.
Some of the grid points miss any markings. This is based
on the assumption that when starting the mowing oper-
ation at a given time point and moving the mower along
the trajectory 410, location determination is possible with
sufficient high accuracy (accuracy of the location deter-
mination during the guiding fulfilling a second minimum
quality criterion). The filled circles 400 represent grid
points for which the accuracy of the possible location
determination is available from satellite repeat cycle
based prediction processes. The empty circles 404 rep-
resent grid points for which the accuracy of the possible
location determination is available from broadcast
Ephemeride calculations. The stars 402 represent grid
points for which the accuracy of the possible location
determination was determined by means of interpolation.
[0121] Further shown in figure 10 is an area of 408
which contains only one marked grid point. The reason
is understandable from figure 5 which shows the area
108 is partially shadowed by an obstacle 500, a tree. In
figure 4 the presence of the tree is illustrated by the con-
tour line 406. The reason for the shadowing it is under-
standable from figure 11. Here, a satellite 200 is illustrat-
ed, wherein the obstacle 500 shadows the signals sent
by the satellite 200 within shadow area of 502 of the work
area 108. The finer the discretization of the work area
with coordinate grid points, and the more data on achiev-
able location accuracy is available in a clustering, the
more precise will be the exact shape of the shadow area
of 502. Since in figure 10 the grid is rough and the amount
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of data on achievable location accuracy within the are
408 is low, the trajectory 410 must completely omit area
408 since accurate GNSS based navigation is not pos-
sible within that area for the given time point of starting
the mowing operation.

[0122] Regarding figure 11 itis assumed, that still with-
in area of 408 a precise location determination of the
mower is not possible. However, since for the grid points
of the border line of area 408 additional data on achiev-
able location accuracy is available. The respective tra-
jectory 410 may be modified compared to figure 10 to
also cover this area 408.

[0123] It has to be noted here that it even may be pos-
sible that the mower is moving into the area of 408 even
though a GNSS based navigation it may not be a reliable
enough anymore. Forthe grid pointsindicated by crosses
in figure 11, a predicting process may be used that ad-
ditionally takes into account that the position determina-
tion is additionally performed using a deduced reckoning
position estimate. For example, when the mower is lo-
cated at grid point 504, odometry may be used to move
the mower to grid point 506. Just considering the second
minimum quality criterion, in the predicting process the
grid point 506 would have been excluded because the
accuracy of the location determination does not fulfill a
second minimum quality criterion. However, since a low-
er quality in location determination using GNSS could be
improved using odometry, it is additionally considered if
the accuracy of the location determination does fulfill the
second minimum quality criterion. If this is the case, the
associated accuracy of location determination is adjust-
ed taking into account that the position determination is
additionally performed using a deduced reckoning posi-
tion estimate obtained from a deduced reckoning navi-
gation device ofthe vehicle. This approach is only applied
in case the respective grid point is located within a max-
imum predefined distance from a grid point for which the
unadjusted associated accuracy of location determina-
tion fulfills the second minimum quality criterion. This
minimizes the risk that due to accumulating errors arising
from the deduced reckoning navigation the effective ac-
curacy of location determination is decreasing so much
that in practice the achieved accuracy is not acceptable
any more, e.g. not fulfilling the second minimum quality
criterion any more.

[0124] It further has to be noted that the above men-
tioned second minimum quality criterion may be tight-
ened up for certain grid points that are defining the bound-
aries confining the work area 108. The reason is that
under no circumstances the mower is allowed to leave
the working area of 108. By tightening up the second
minimum quality criterion, the location determination for
these grid points at the boundaries can be performed
with even higher accuracy thus minimizing the risk that
due to navigational errors the mower is unintentionally
leaving the area 108.

[0125] Figure 12 is a flowchart of operating a robotic
vehicle for movable operationina work area. The method
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starts with step 700 and reception of the first set of GNSS
signals from the vehicle base. In parallel in step 702, a
second set of GNSS signals is received from the GNSS
receiver of the vehicle. Thereupon, in step 704 a com-
parison is made of the signal qualities of the first and
second set of GNSS signals and a quality nhumber per
satellite position is derived.

[0126] Satellite positions which have a quality number
that does not fulfill the predefined quality criterion are
then excluded in this step 706. For the remaining satel-
lites and the respective GNSS signals an accuracy of a
location determination is then determined and stored to-
gether with the point in time of GNSS signal reception
and grid point in a dataset.

[0127] Step 708 and 710 are optional: in step 708 a
sky area of good reception is determined which compris-
es at least some of the satellite positions for which the
guality number of that satellite positions fulfills a respec-
tive minimum quality criterion. Thereupon, in step 710
for this area of good reception a forecasting of receiving
GNNS signals from satellites located in this area of good
reception is being made for forecasting an accuracy of a
location determination for points in time future to the re-
spective point in time when the signals were required in
step 700 and 702. The forecasting is made for example
using Ephemerides, Almanacs and satellite repeat cy-
cles applied on the first or second set of GNSS signals
received in steps 700 and 702. For this forecasting, a
satellite is allowed to appear anywhere within the whole
sky area of good reception. The forecasted accuracy of
location determination is then stored together with the
future point in time and grid point in the dataset.

[0128] In case steps 708 and 710 are not used, the
method continues after step 706 with step 712 and the
forecasting of an accuracy of a location determination for
points in time future to the respective point in time when
the signals were required in step 700 and 702. The fore-
casting is made for example using Ephemerides, Alma-
nacs and satellite repeat cycles applied on the first or
second set of GNSS signals received in steps 700 and
702. Compared to the forecasting that was made with
respect to steps 708 and 710, this forecasting is based
on the discrete satellite positions and sky areas around
these satellite positions: in steps 700 and 702 the first
and second GNSS signals were received from satellites
that were located at certain satellite positions in the sky
above the base and the vehicle. In step 712 a forecasting
of a reception of first or second GNSS signals for future
points in time from satellites located at a sky area around
these certain satellite positions is made. From this fore-
casting, an accuracy of location determination is then
determined and stored together with the future point in
time and grid point in the dataset.

[0129] In optional step 714 an interpolation is being
made for at least some of the grid points for which the
accuracy of a location determination for certain points in
time future to the respective point in time of reception is
yet unavailable. |.e. for some points in time in the future,
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the accuracy of a location determination may already
available and for some others not. In the latter case the
interpolation may be used to complete the dataset re-
garding further future time points. The interpolation is
considering grid points for which the accuracy of an al-
ready available location determination for future points
in time is available. The interpolation is resulting in esti-
mated accuracies of location determination for the grid
points for which the interpolation was performed.
[0130] Step 716 comprises a clustering which was al-
ready at least partially described in fig. 6 and will be fur-
ther described in figure 13. In essence, the clustering is
resulting in sets of clustered grid points, wherein for each
set of the clustered grid points starting from a respective
point in time moving of the vehicle along said set of clus-
tered grid points guided using GNSS signals received
the planning of the movable operation comprises clus-
tering determination during the guiding fulfilling the sec-
ond minimum quality criterion. Further, the clustering is
based on the parameter characterizing the soil (e.g.
growth rate of plants, slip, slope of the area to be proc-
essed etc.).

[0131] Instep 718 the actual movable operation is per-
formed which includes a planning of the operation. The
planning comprises a scheduling of the movable opera-
tion for obtaining a movement trajectory of the mower for
performing the movable operation, the scheduling com-
prising selecting one or more of the sets of clustered grid
points, the movement trajectory comprising the grid
points of the sets of clustered grid points.

[0132] During the performance of the mowing opera-
tion, for each grid point traveled by the vehicle new GNSS
signals may be received from the base and the vehicle
receiver. All the signals may then be subject to the meth-
od steps 704-716, which are repeated accordingly. The
more often this process is repeated, the more precise
the guidance of the vehicle can be even in the presence
of shadows from full satellite reception because the da-
taset representing the grid points and associated accu-
racies of the location determination and time points is
more and more filled such that even for critical grid points
the clustering is able to find an appropriate point in time
for which guidance of the vehicle is possible with the re-
quired accuracy.

[0133] Figure 13 is a flowchart illustrating a method of
clustering of grid points. The method starts in step 800
with the clustering according to a second minimum qual-
ity criterion: the goal is that sets of clustered grid points
are obtained that - starting from a certain future time point
- can be traveled by the vehicle and for which (during this
travel) a guidance of the vehicle using GNSS signals re-
ceived during said traveling (movement) is possible with
an accuracy of the location determination during the guid-
ing fulfilling a certain (second) minimum quality criterion.
In this manner, it is ensured that GNSS based guidance,
eventually assisted by deduced reckoning position esti-
mates, is possible at a decent positioning quality. It has
to be noted that the clustering according to the parameter
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characterizing the soil is not discussed here in further
detail.

[0134] In optional step 802 it is checked if grid points
are forming a boundary zone confining the work area. If
this is the case, the method continues with step 804 in
which the second minimum quality criterion is tightened
up and the method jumps back to step 800 which then
uses for the grid points of the boundary zone the tight-
ened up (enforced) quality criterion. It has to be noted
here, that this procedure may also be reversed in that
first all grid points forming the boundaries are identified
and then for these identified grid points the quality crite-
rion is tightened up. For the remaining grid points the
quality criterion is set to the (non-tightened-up) second
minimum quality criterion and thereupon the clustering
process is performed. With this approach, a repetition
may not be necessary.

[0135] In step 806 grid points are identified for which
adeduced reckoning position guiding may be necessary.
Generally spoken, these may be any grid points which
do not yet fulfill the second minimum quality criterion. For
the identified grid points, in step 808 it is checked whether
the grid points are located within a maximum predefined
distance from a grid point for which the unadjusted as-
sociated accuracy of location determination fulfills the
second minimum quality criterion. In case the check is
positive, for a grid point the associated accuracy of loca-
tion determination is adjusted taking into account that the
position determination is additionally performed using a
deduced reckoning position estimate obtained from a de-
duced reckoning navigation device of the vehicle.
[0136] The method continues in step 812 which is a
scheduling of the movable operation for obtaining a
movement trajectory of the vehicle for performing the
movable operation, the scheduling comprising selecting
one or more of the sets of clustered grid points, the move-
ment trajectory comprising the grid points of the sets of
clustered grid points. Each set of clustered grid points
comprises respective time points and accuracies.
[0137] In step 814 it is additionally checked wherein
the movement trajectory obtained for a single contiguous
movable operation results in a fragmentation degree of
the work area. The fragmentation degree is describing
the degree of fragmentation of the work area with respect
to subareas of the area covered by the trajectory. In case
the fragmentation degree is above a predefined fragmen-
tation threshold, the second minimum quality criterion is
relaxed within specified limits in step 816 and the clus-
tering process is repeated starting again from step 800.
This repetition is performed with a more and more relax-
ing the second quality criterion until the degree of frag-
mentation is below the predefined fragmentation thresh-
old.

[0138] Finally, in step 818 the movable operation is
performed.

[0139] A correspondence with the clustering process
of Figure 6 results from the fact that steps 800-808 may
be comprised by step 600, step 812 corresponds to step
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602, step 814 corresponds to step 604, and step 818
corresponds to step 608.

List of reference numerals

[0140]

100 vehicle

102 GNSS receiver

104 base

106 GNSS receiver

108 work area

110 tile

112 grid point

114 first set of GNSS signals
116 second set of GNSS signals
118 controller

120 processor

122 memory

124 instructions

200 satellite

202 skyplot

204 circle

205 line

206 zone

208 representation of a satellite
300 shadow area

302 area of good reception
304 boundary

400 grid point

402 grid point

404 grid point

406 contour line

408 area

410 trajectory

500 tree

502 shadow area

504 grid point

506 grid point

1200 trajectory

1202  trajectory

1204  area limit

1206 area

1208 area

1210  area limit

1212  direction of gradient
1300 clustered grid point
1302  set

1500 wheel

1502  sensor

1504  blade

1506 engine

1508  Dbattery

Claims

1. A robotic vehicle (100) for movable operation in a
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work area (108), the movable operation comprising
a sail cultivation, the work area (108) being repre-
sented by a set of discretized coordinate grid points
(112), the vehicle (100) comprising a controller (118),
the controller (118) comprising a memory (122) and
a processor (120), the memory (122) comprising in-
structions (124), wherein execution of the instruc-
tions (124) by the processor (120) causes the vehicle
(100) for planning the movable operation, the plan-
ning comprising clustering of at least some of the
grid points (112), wherein the clustering results in
sets (1302) comprising some of the grid points (112),
wherein for a given one of the sets (1302) for all grid
points (112) in the set a value of a parameter char-
acterizing the soil represented by said grid points
(112) satisfies a soil criterion for performing the mov-
able operation, wherein execution of the instructions
(124) by the processor (120) further causes the ve-
hicle (100) for performing the movable operation
based on the sets (1302) of grid points (112), the
planning of the movable operation comprising
scheduling the movable operation for obtaining a
movement trajectory (410; 1200) of the vehicle (100)
for performing the movable operation, the schedul-
ing comprising selecting multiple ones of the sets
(1302) of clustered grid points (112), the movement
trajectory (410; 1200) comprising the grid points
(112) of the selected sets (1302) of clustered grid
points (112).

The robotic vehicle (100) of claim 1, wherein the
movement trajectory (410; 1200) obtained for a sin-
gle contiguous movable operation results in a frag-
mentation degree of the work area (108), the frag-
mentation degree describing the degree of fragmen-
tation of the work area (108) with respectto subareas
of the area covered by the trajectory (410; 1200),
wherein in case the fragmentation degree is above
a predefined fragmentation threshold, the soil crite-
rion is successively relaxed within specified limits
until the degree of fragmentation is below the pre-
defined fragmentation threshold.

The robotic vehicle (100) of any of the previous
claims, wherein the grid points (112) of the set of grid
points (112) are distributed overa portion of the work-
ing area, the parameter characterizing the soil com-
prising a slope of the work area (108), wherein the
soil criterion is a minimum average slope of the por-
tion, wherein optionally the minimum average slope
is larger than 15%, preferably larger than 20% or
25%.

The robotic vehicle (100) of claim 3, the movement
trajectory (410; 1200) comprising a zigzag form of
the trajectory (410; 1200) with mutually opposite di-
rections of movement, wherein for two parts of the
trajectory (410; 1200) running directly adjacent to
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one another the direction of the movement of the
vehicle (100) is respectively opposite with one direc-
tion of movement comprising a forward movement
and the other direction of the movement comprising
a backward movement of the vehicle.

The robotic vehicle (100) of any of the previous
claims, the parameter characterizing the soil being
selected from

- a growth rate of plants to be cultivated and

- aslip of the vehicle’s wheels (1500) to be used
for the movement of the vehicle (100) on the
working area for performing the movable oper-
ation,

wherein the soil criterion is a selected range of the
value of the parameter characterizing the soil.

The robotic vehicle (100) of claim 5, each grid point
having associated a respective value of the param-
eter characterizing the soil, the clustering comprising
a cluster analysis of the parameter values charac-
terizing the soil for identifying groups of ranges of
parameter values characterizing the soil, the select-
ed range of the parameter values characterizing the
soil being selected from the groups of ranges.

The robotic vehicle (100) of claim 5 or 6, each grid
point having associated a respective value of the pa-
rameter characterizing the soil, wherein execution
of the instructions (124) by the processor (120) fur-
ther causes the vehicle (100) for performing a pa-
rameter value prediction comprising for a given one
of the grid points (112)

- receiving data valid for said given grid point
and being related to the parameter characteriz-
ing the sail,

- adapting the parameter value characterizing
the soil associated with the given grid point
based on the received data.

The robotic vehicle (100) of claim 7, the data com-
prising data on an environmental factor valid for said
given grid point and affecting the parameter charac-
terizing the sail, the environmental factor being se-
lected from: sunshine hours, rainfall, soil moisture,
fertilization, season, environmental temperature,
wind speed, wind direction, air humidity.

The robotic vehicle (100) of claim 7 or 8, the data
comprising a deviation in the value of the parameter
characterizing the soil as determined by the vehicle
(100) using a comparison of an expected value of
the parameter and an actual value of the parameter
as measured by the vehicle, both valid for said given
grid point, wherein optionally the movable operation
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is comprising a grass cutting operation, the actual
growth height being measured by the vehicle (100)
during performing the movable operation, the meas-
urement of the growth height being performed using
at least any of an optical sensor and the power con-
sumption of the motor (1508) used to cut the grass.

The robotic vehicle (100) of any of claims, the sched-
uling comprising determining a cultivation point in
time for performing the movable operation, the de-
termination of the cultivation point in time being
based on

- at least some of the values of the parameter
characterizing the soil associated with the grid
points (112) of the selected one or more of the
sets (1302) of clustered grid points (112) and

- asoil parameter threshold required for perform-
ing the movable operation, wherein the sail pa-
rameter threshold is a threshold of the values of
the parameter characterizing the soil.

The robotic vehicle (100) of any of claims, the values
of the parameter characterizing the soil comprising
values of the slip of the vehicle’s wheels (1500) as-
sociated with the grid points (112) of the selected
one or more ofthe sets (1302) of clustered grid points
(112), wherein in case the specific slip value does
not satisfy the sail parameter threshold, the cultiva-
tion point in time is delayed compared to the case
when the specific slip value does satisfy the sail pa-
rameter threshold.

The robotic vehicle (100) of any of the previous
claims, wherein execution of the instructions (124)
by the processor (120) causes the vehicle (100) for
each grid point of a subset of the grid points (112)
at different first points in time performing an initiali-
zation process, the initialization process comprising
determining by the vehicle (100) the value of the pa-
rameter characterizing the soil represented by said
grid point.

The robotic vehicle (100) of claim 12, the vehicle
(100) comprising a Global Navigation Satellite Sys-
tem, GNSS, receiver (106), the initialization process
further comprising:

- receiving at the first point in time a first set of
GNSS signals (114) from a vehicle base (104),
- receiving at the first point in time a second set
of GNSS signals (116) from the GNSS receiver
(106),

- determining an accuracy of a location determi-
nation, the location determination being based
on the second set of GNSS signals (116), the
determination of the accuracy being based on a
comparison of the signal qualities of the first set
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of GNSS signals (114) and the second set of
GNSS signals (116),

wherein optionally execution of the instructions (124)
by the processor (120) further causes the vehicle
(100) for performing the planning the movable oper-
ation based on at least some of the grid points (112)
for which an accuracy of the location determination
is available and the accuracy of the location deter-
mination.

A method for operating a robotic vehicle (100) for
movable operationin awork area (108), the movable
operation comprising a soil cultivation, the work area
(108) being represented by a set of discretized co-
ordinate grid points (112), the method comprising
planning the movable operation, the planning com-
prising clustering of at least some of the grid points
(112), wherein the clustering results in sets (1302)
comprising some of the grid points (112), wherein
for a given one of the sets (1302) for all grid points
(112)in the set a value of a parameter characterizing
the sailrepresented by said grid points (112) satisfies
a soil criterion for performing the movable operation,
wherein the movable operation is performed based
on the sets (1302) of grid points (112), the planning
of the movable operation comprising scheduling the
movable operation for obtaining a movement trajec-
tory (410; 1200) of the vehicle (100) for performing
the movable operation, the scheduling comprising
selecting multiple ones of the sets (1302) of clustered
grid points (112), the movement trajectory (410;
1200) comprising the grid points (112) ofthe selected
sets (1302) of clustered grid points (112).

A computer program product comprising computer
executable instructions (124) to perform the method
of claim 14.

Amended claims in accordance with Rule 137(2)
EPC.

A robotic vehicle (100) for movable operation in a
work area (108), the movable operation comprising
a soil cultivation, the work area (108) being repre-
sented by a set of discretized coordinate grid points
(112), the vehicle (100) comprising a controller (118),
the controller (118) comprising a memory (122) and
a processor (120), the memory (122) comprising in-
structions (124), wherein execution of the instruc-
tions (124) by the processor (120) causes the vehicle
(100) for planning the movable operation, the plan-
ning comprising clustering of at least some of the
grid points (112), wherein the clustering results in
sets (1302) comprising some ofthe grid points (112),
wherein for the sets (1302) for all grid points (112)
in the sets a value of a parameter characterizing the
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soil represented by said grid points (112) satisfies a
soil criterion for performing the movable operation,
wherein execution of the instructions (124) by the
processor (120) further causes the vehicle (100) for
performing the movable operation based on the sets
(1302) of grid points (112), the planning of the mov-
able operation comprising scheduling the movable
operation for obtaining a movement trajectory (410;
1200) of the vehicle (100) for performing the movable
operation, the scheduling comprising selecting mul-
tiple ones of the sets (1302) of clustered grid points
(112), the movement trajectory (410; 1200) compris-
ing the grid points (112) of the selected sets (1302)
of clustered grid points (112).

The robotic vehicle (100) of claim 1, wherein the
movement trajectory (410; 1200) obtained for a sin-
gle contiguous movable operation results in a frag-
mentation degree of the work area (108), the frag-
mentation degree describing the degree of fragmen-
tation of the work area (108) with respectto subareas
of the area covered by the trajectory (410; 1200),
wherein in case the fragmentation degree is above
a predefined fragmentation threshold, the soil crite-
rion is successively relaxed within specified limits
until the degree of fragmentation is below the pre-
defined fragmentation threshold.

The robotic vehicle (100) of any of the previous
claims, wherein the grid points (112) of the set of grid
points (112) are distributed over a portion of the work-
ing area, the parameter characterizing the soil com-
prising a slope of the work area (108), wherein the
soil criterion is a minimum average slope of the por-
tion, wherein optionally the minimum average slope
is larger than 15%, preferably larger than 20% or
25%.

The robotic vehicle (100) of claim 3, the movement
trajectory (410; 1200) comprising a zigzag form of
the trajectory (410; 1200) with mutually opposite di-
rections of movement, wherein for two parts of the
trajectory (410; 1200) running directly adjacent to
one another the direction of the movement of the
vehicle (100) is respectively opposite with one direc-
tion of movement comprising a forward movement
and the other direction of the movement comprising
a backward movement of the vehicle.

The robotic vehicle (100) of any of the previous
claims, the parameter characterizing the soil being
selected from

- a growth rate of plants to be cultivated and

- a slip of the vehicle’s wheels (1500) to be used
for the movement of the vehicle (100) on the
working area for performing the movable oper-
ation,
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wherein the soil criterion is a selected range of the
value of the parameter characterizing the soil.

The robotic vehicle (100) of claim 5, each grid point
having associated a respective value of the param-
eter characterizing the soil, the clustering comprising
a cluster analysis of the parameter values charac-
terizing the soil for identifying groups of ranges of
parameter values characterizing the soil, the select-
ed range of the parameter values characterizing the
soil being selected from the groups of ranges.

The robotic vehicle (100) of claim 5 or 6, each grid
point having associated a respective value of the pa-
rameter characterizing the soil, wherein execution
of the instructions (124) by the processor (120) fur-
ther causes the vehicle (100) for performing a pa-
rameter value prediction comprising for a given one
of the grid points (112)

- obtaining data valid for said given grid point
and being related to the parameter characteriz-
ing the sail,

- adapting the parameter value characterizing
the soil associated with the given grid point
based on the received data.

The robotic vehicle (100) of claim 7, the obtained
data comprising data on an environmental factor val-
id for said given grid point and affecting the param-
eter characterizing the soil, the environmental factor
being selected from: sunshine hours, rainfall, soil
maoisture, fertilization, season, environmental tem-
perature, wind speed, wind direction, air humidity.

The robotic vehicle (100) of claim 7 or 8, the obtained
data comprising a deviation in the value of the pa-
rameter characterizing the soil as determined by the
vehicle (100) using a comparison of an expected val-
ue of the parameter and an actual value of the pa-
rameter as measured by the vehicle, both valid for
said given grid point, wherein optionally:

the movable operation is comprising a grass cutting
operation and the actual growth height being meas-
ured by the vehicle (100) during performing the mov-
able operation and the measurement of the growth
height being performed using at least any of an op-
tical sensor and the power consumption of the motor
(1508) used to cut the grass.

The robatic vehicle (100) of any of claims, the sched-
uling comprising determining a cultivation point in
time for performing the movable operation, the de-
termination of the cultivation point in time being
based on

- at least some of the values of the parameter
characterizing the soil associated with the grid
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points (112) of the selected one or more of the
sets (1302) of clustered grid points (112) and

- asoil parameter threshold required for perform-
ing the movable operation, wherein the sail pa-
rameter threshold is a threshold of the values of
the parameter characterizing the soil.

The robotic vehicle (100) of any of claims, the values
of the parameter characterizing the soil comprising
values of the slip of the vehicle’s wheels (1500) as-
sociated with the grid points (112) of the selected
one or more ofthe sets (1302) of clustered grid points
(112), wherein in case the specific slip value does
not satisfy the soil parameter threshold, the cultiva-
tion point in time is delayed compared to the case
when the specific slip value does satisfy the sail pa-
rameter threshold.

The robotic vehicle (100) of any of the previous
claims, wherein execution of the instructions (124)
by the processor (120) causes the vehicle (100) for
each grid point of a subset of the grid points (112)
at different first points in time performing an initiali-
zation process, the initialization process comprising
determining by the vehicle (100) the value of the pa-
rameter characterizing the soil represented by said
grid point.

The robotic vehicle (100) of claim 12, the vehicle
(100) comprising a Global Navigation Satellite Sys-
tem, GNSS, receiver (106), the initialization process
further comprising:

- receiving at the first point in time a first set of
GNSS signals (114) from a vehicle base (104),
- receiving at the first point in time a second set
of GNSS signals (116) from the GNSS receiver
(108),

- determining an accuracy of a location determi-
nation, the location determination being based
on the second set of GNSS signals (116), the
determination of the accuracy being based on a
comparison of the signal qualities of the first set
of GNSS signals (114) and the second set of
GNSS signals (116),

wherein optionally execution of the instructions (124)
by the processor (120) further causes the vehicle
(100) for performing the planning the movable oper-
ation based on at least some of the grid points (112)
for which an accuracy of the location determination
is available and the accuracy of the location deter-
mination.

A method for operating a robotic vehicle (100) for
maovable operationin a work area (108), the movable
operation comprising a soil cultivation, the work area
(108) being represented by a set of discretized co-

10

15

20

25

30

35

40

45

50

55

21

EP 3 696 639 A1

15.

40

ordinate grid points (112), the method comprising
planning the movable operation, the planning com-
prising clustering of at least some of the grid points
(112), wherein the clustering results in sets (1302)
comprising some of the grid points (112), wherein
forthe sets (1302) for all grid points (112) in the sets
a value of a parameter characterizing the soil repre-
sented by said grid points (112) satisfies a soil crite-
rion for performing the movable operation, wherein
the movable operation is performed based on the
sets (1302) of grid points (112), the planning of the
movable operation comprising scheduling the mov-
able operation for obtaining a movement trajectory
(410; 1200) of the vehicle (100) for performing the
movable operation, the scheduling comprising se-
lecting multiple ones of the sets (1302) of clustered
grid points (112), the movement trajectory (410;
1200) comprising the grid points (112) ofthe selected
sets (1302) of clustered grid points (112).

A computer program product comprising computer
executable instructions (124) to perform the method
of claim 14.
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