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placing manure includes navigating an unmanned vehicle,
further including detecting an animal, determining whether a
current course of the unmanned vehicle will lead to a collision
with the animal. If this is the case, the method continues by:
determining at least a first priority parameter from a set of
priority parameters, wherein the first priority parameter is a
standing condition of the detected animal, deciding, on the
basis of the set of priority parameters, whether the course of
the unmanned vehicle will be adjusted to avoid the animal,
wherein the course will be maintained if the set of priority
parameters meets a predetermined collision criterion, and the
course will be adjusted to avoid the animal if the set of priority
parameters does not meet the predetermined collision crite-
rion, wherein the set of priority parameters only meets the
collision criterion if at least the standing condition is that the
animal is standing.
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1
UNMANNED VEHICLE FOR DISPLACING
MANURE

This application claims priority from Netherlands applica-
tion no. 1035980, filed on Sep. 25, 2008, which is hereby
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates generally to a method of navigating
an unmanned vehicle, and more particularly to navigating an
unmanned vehicle in a space in which at least one animal is
present.

2. Description of the Related Art

International application no. WO 2000/70941 discloses a
method of navigating an unmanned vehicle comprising a
manure slide, wheels, and a camera. The unmanned vehicle
navigates through a stable with cows in a not further described
manner with the aid of the camera. It has been found that the
known method can lead to unrest in a stable with animals.

BRIEF SUMMARY OF THE INVENTION

The present invention addresses these problems by provid-
ing an apparatus and method for navigating an unmanned
vehicle in a space in which at least one animal is present,
comprising the steps of detecting at least a part of the at least
one animal, determining whether a current course of the
unmanned vehicle will lead to a collision with the animal,
wherein the method, if the current course of the unmanned
vehicle will lead to a collision with the detected animal,
subsequently comprises the following steps: determining at
least a first priority parameter from a set of one or more
priority parameters of the detected animal, wherein the first
priority parameter is a standing condition of the detected
animal, deciding, on the basis of the set of priority parameters
of the detected animal, whether the course of the unmanned
vehicle will be adjusted to avoid the detected animal, wherein
the course of the unmanned vehicle will be maintained if the
set of priority parameters meets a predetermined collision
criterion, and the course of the unmanned vehicle will be
adjusted to avoid the detected animal if the set of priority
parameters does not meet the predetermined collision crite-
rion, wherein the set of priority parameters only meets the
predetermined collision criterion if at least the standing con-
dition of the detected animal if that the detected animal is
standing, and wherein the set of priority parameters does not
meet the predetermined collision criterion if the standing
condition of the detected animal is that the detected animal is
not standing.

Thanks to the inventive method, in specific cases a detected
animal is given priority and the unmanned vehicle will devi-
ate. In other cases, determined by the set of priority param-
eters within which set the animal is at any rate standing, the
unmanned vehicle will take priority and not adjust its course
to avoid a collision. It is subsequently up to the cow to deviate,
or to experience the consequences of a collision. As a result,
on the one hand, collisions, which would unnecessarily
frighten the animal in question, are prevented, and, on the
other hand, the animals are prevented from being able to take
over the control of the course of the unmanned vehicle in the
stable, or even to use it as their plaything. Incidentally, the
method in the situation “no collision predicted” as to the
result, i.e. maintaining the course, does not differ from meth-
ods in which either an animal is not taken into account at all,
or deviation always takes place upon detection of an animal.
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Since there is no animal, there is no reason to deviate. How-
ever, the quintessence of the method according to the inven-
tion is to provide the possibility of continuing nevertheless,
depending on the set of priority parameters, in the case of a
predicted collision. The known methods of deviation will
always deviate, whereas the not image-controlled vehicles
will never deviate. In particular the adequate deviation of the
invention ensures that the vehicle can function efficiently
without causing much unrest among the animals.

Although the set of priority parameters can only meet the
collision criterion if the standing condition of the detected
animal is that the detected animal is standing, when a set of a
plurality of priority parameters is used there are combinations
of priority parameters, in which, although the detected animal
is standing, as a result of one or a plurality of other priority
parameters, the set of priority parameters does not meet the
collision criterion, so that the unmanned vehicle still deviates.
This is defined in more detail in the sub-claims and elucidated
in the exemplary embodiments.

In a particular method, the set of priority parameters com-
prises the relative orientation of the detected animal with
respect to the unmanned vehicle, wherein the set of priority
parameters only meets the predetermined collision criterion if
the standing condition of the detected animal is that the
detected animal is standing and the relative orientation of the
detected animal is such that the course of the unmanned
vehicle is within an observation area of the detected animal,
and wherein the set of priority parameters does not meet the
predetermined collision criterion if the standing condition of
the detected animal is that the detected animal is not standing
and/or the relative orientation of the detected animal is such
that the course of the unmanned vehicle is outside the obser-
vation area of the detected animal. It is thus avoided that the
unmanned vehicle collides with an animal which, although it
is standing, is not able to see the unmanned vehicle approach.

In one embodiment, the set of priority parameters com-
prises a position of the animal with respect to the space,
wherein the set of priority parameters only meets the prede-
termined collision criterion if at least the standing condition
of'the detected animal is that the detected animal is standing
and the detected animal is present for less than a predeter-
mined part in a confined area of the space, such as a cubicle,
and wherein the set of priority parameters does not meet the
predetermined collision criterion if the standing condition of
the detected animal is that the detected animal is not standing
and/or the detected animal is present for more than the pre-
determined part in the confined area of the space. It is thus
avoided that the unmanned vehicle collides with an animal
which, although it is standing, is completely or partially
present in for example a cubicle, or in another part of the
space where it is unwanted that the animal will be frightened
by the unmanned vehicle and/or where the risk is small that
the animal will take over the control of the unmanned vehicle.

Incidentally, it is possible to combine the above mentioned
two embodiments, so that there is created a set of three pri-
ority parameters, wherein the set only meets the collision
criterion, and an unmanned vehicle thus does not adjust its
course which can lead to a collision, if the animal is standing
and the relative orientation of the detected animal is such that
the course of the unmanned vehicle is within an observation
area of the detected animal and the detected animal is present
for less than a predetermined part in a confined area of the
space, such as a cubicle. Of course, this set of priority param-
eters can be extended further with other priority parameters,
wherein in each case the whole set of priority parameters
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should meet the collision criterion in order, according to the
inventive method, to make the vehicle not deviate in the case
of an approaching collision.

In particular, the predetermined part is a percentage of the
detected animal, which percentage is selected from a range of
0-90% and amounts in particular to 75%, 50%, or 25%. It is
thus possible to select a suitable percentage at which the
animal is not hit by the unmanned vehicle if it is present for at
least this part in the confined area, depending on the configu-
ration of the space, on the confined area of the space, and on
the reactions of the animals in practice.

The inventive also relates to a method of navigating an
unmanned vehicle in a space in which at least one animal is
present, which method comprises the following steps: detect-
ing at least a part of the at least one animal, determining
whether a current course of the unmanned vehicle will lead to
a collision with the detected part of the animal. The method
subsequently comprises—if the current course of the
unmanned vehicle will lead to a collision with the detected
part of the animal—the following steps: determining a prior-
ity parameter of the detected animal, deciding, on the basis of
the priority parameter of the detected animal, whether the
course of the unmanned vehicle will be adjusted to avoid the
animal, wherein the course of the unmanned vehicle will be
maintained if the priority parameter meets a predetermined
collision criterion.

In one embodiment, the priority parameter meets the pre-
determined collision criterion if the detected animal is stand-
ing on at least part of its legs, preferably on all its legs. An
animal which is standing can easily deviate, while an animal
which is completely lying has first to get up. This is relatively
stressful, so that in this case the animal is given priority. An
animal which is standing on part of its legs is probably just
going to get up or to lie down and is therefore able to deviate,
if desired. In a variant, such an animal is also given priority, so
that the priority parameter only meets the collision criterion if
the animal is standing on all its legs.

In another embodiment, the priority parameter meets the
predetermined collision criterion if the detected animal has
such an orientation with respect to the unmanned vehicle that
the course of the unmanned vehicle is within an observation
area of the detected animal. As a result, the animal will be
given priority if it is not able to see the unmanned vehicle
approach. If the animal is indeed able to see it approach, the
animal will have to deviate itself to avoid a collision.

In a further embodiment, the priority parameter only meets
the predetermined collision criterion if the detected animal is
standing on at least part of its legs, preferably on all its legs,
and ifthe detected animal has such an orientation with respect
to the unmanned vehicle that the course of the unmanned
vehicle is within the observation area of the detected animal.
As aresult, the animal only needs to get out of the way of the
unmanned vehicle if it is standing on its legs and is able to see
the vehicle approach. In other cases, the unmanned vehicle
will give way to the animal and consequently deviate.

In particular, the observation area comprises at least the
area in front of the forelegs of the detected animal. This is a
conservative confinement of the observation area, which in
practice can easily be determined by a computer which is
linked to detection mechanism of the unmanned vehicle.
More in particular, the observation area further comprises an
area next to the detected animal, which area is confined by a
virtual line which extends obliquely rearwards from the head
of the detected animal. The extent to which the virtual line
extends rearwardly is determined by the position of the eyes
in the head of the animal in question.

30

35

40

45

55

4

Inone embodiment, the method comprises, prior to the step
of deciding on the basis of the priority parameter, a step of
determining a position of the detected part of the animal with
respect to the space. The course of the unmanned vehicle is
adjusted to avoid an animal if the detected animal is present
for more than half, preferably substantially completely, in a
confined area of the space, such as a cubicle, whereafter the
method restarts with the step of detecting at least a part of the
at least one animal. Thanks to this measure it is prevented that
an animal which is present in a confined area of the space will
be forced to leave same. It is thus also prevented that an
animal whose hind legs are for example outside a cubicle will
be stimulated to enter the cubicle completely and possibly
will subsequently relieve itself in the cubicle.

The invention further relates to software for performing for
navigating an unmanned vehicle in a space in which at least
one animal is present, the method comprising detecting at
least a part ofthe atleast one animal, and determining whether
a current course of the unmanned vehicle will lead to a col-
lision with the animal, wherein the method, if the current
course of the unmanned vehicle will lead to a collision with
the detected animal, subsequently comprises the following
steps: determining at least a first priority parameter from a set
of one or more priority parameters of the detected animal,
wherein the first priority parameter is a standing condition of
the detected animal, deciding, on the basis of the set of pri-
ority parameters of the detected animal, whether the course of
the unmanned vehicle will be adjusted to avoid the detected
animal, wherein the course of the unmanned vehicle will be
maintained if the set of priority parameters meets a predeter-
mined collision criterion, and the course of the unmanned
vehicle will be adjusted to avoid the detected animal if the set
of priority parameters does not meet the predetermined col-
lision criterion, wherein the set of priority parameters only
meets the predetermined collision criterion if at least the
standing condition of the detected animal if that the detected
animal is standing, and wherein the set of priority parameters
does not meet the predetermined collision criterion if the
standing condition of the detected animal is that the detected
animal is not standing.

The unmanned vehicle, according to various aspects of the
present invention, includes in a space in which at least one
animal is present, comprising a frame, with mounted thereon
a propulsion mechanism and a navigation mechanism,
wherein the vehicle further comprises a sensor for forming an
image of an observation area, wherein the sensor comprises a
sensor image processor that is operatively connected to the
navigation mechanism, and wherein at least one of the sensor
image processor and the navigation mechanism is configured
to detect at least a part of the at least one animal, and deter-
mine whether a current course of the unmanned vehicle will
lead to a collision with the animal, wherein the at least one of
sensor image processor and navigation mechanism, if the
current course of the unmanned vehicle will lead to a collision
with the detected animal, subsequently: determine at least a
first priority parameter from a set of one or more priority
parameters of the detected animal, wherein the first priority
parameter is a standing condition of the detected animal,
decide, on the basis of the set of priority parameters of the
detected animal, whether the course of the unmanned vehicle
will be adjusted to avoid the detected animal, wherein the
course of the unmanned vehicle will be maintained if the set
of priority parameters meets a predetermined collision crite-
rion, and the course of the unmanned vehicle will be adjusted
to avoid the detected animal if the set of priority parameters
does not meet the predetermined collision criterion, wherein
the set of priority parameters only meets the predetermined
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collision criterion if at least the standing condition of the
detected animal if that the detected animal is standing, and
wherein the set of priority parameters does not meet the
predetermined collision criterion if the standing condition of
the detected animal is that the detected animal is not standing.

The vehicle comprises a frame, preferably with material
remover mounted thereon, in particular manure remover, pro-
pulsion mechanism and navigation mechanism connected to
the propulsion mechanism and comprising a sensor for form-
ing an image of an observation area. On the basis of the image
of this sensor the environment is analysed and the course is
determined.

The sensor is in particular a 3D sensor. In various embodi-
ments, the sensor comprises a time-of-flight sensor, compris-
ing a light source which is configured for transmitting one or
more light pulses, and a matrix of light sensitive sensors,
wherein the time-of-flight sensor is configured to determine
the time elapsed between transmission of the light pulse and
recording of reflected radiation in the light sensitive sensors.
On the basis thereof, and at a known light velocity, it is
possible to determine the distance from the sensor to objects
in the environment.

In embodiments, the (3D) sensor comprises a source of
radiation for emitting modulated electromagnetic radiation,
in particular light, a receiver device for receiving electromag-
netic radiation reflected by an object in the observation area,
an optical device for imaging the reflected electromagnetic
radiation on the receiver device, and sensor image processor,
wherein the receiver device comprises a matrix with a plural-
ity of rows and a plurality of columns of receivers, and
wherein the sensor image processor is configured to deter-
mine for each of the receivers a phase difference between the
emitted and the reflected electromagnetic radiation in order to
calculate a distance from the receiver to the object. More
precisely, the sensor image processor calculates in this case
the distance from the receiver to the part of the observation
area imaged on that receiver. For the sake of convenience, the
latter distance will be denoted hereinafter by distance from
the receiver to an object in that observation area. That object
then relates advantageously to material to be removed, such
as manure, straw, rests of feed, etc.

By using such a matrix of receivers and by determining for
these receivers a distance, like in this case by means of phase
shifting of the emitted light, it is possible to obtain per obser-
vation a complete spatial image. This spatial image is in fact
composed in one go, instead of by scanning All this will be
explained hereinafter in further detail. Incidentally, it is
explicitly pointed out here that for the method and the system
according to the invention a time-of-flight sensor will provide
comparable advantages, but the description is limited below
to the second mentioned 3D sensor variant, without limiting
the scope of protection thereto.

In one embodiment, the sensor image processor is config-
ured to form a three-dimensional image of the observation
area, in particular of an object therein. In principle, the series
of measured distances will suffice, but it may be advanta-
geous to produce also a three-dimensional image, for
example for visual control. In this case, the image formed is
transferred to a display screen or the like. In this case, the
distance may, for example, be displayed by false colors, or the
image may be rotated, etc.

It should be noted here that the optical device, i.e. the lens
or lenses, is an optical system which casts an image of the
observation area on the receivers, and which determines from
what direction measurement takes place. There may be
selected a wide or narrow angle of view of the observation
area. Advantageously, the optical device comprises an adjust-
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6

able optical device by means of which the angle of view can
be selected, such as a zoom optical device.

It should be noted here that the sensor is also suitable as an
“ordinary” camera, i.e. a 2D camera which is capable of
recording grey tone values. In this case, the emitted and
reflected radiation is not recorded as a matrix of depth or
distance data, but as an image of the observation area. On the
basis of this image, and in particular grey tone values, addi-
tional information can be obtained. On the basis of the
detected image and the momentary course it is also possible to
determine whether there is a chance of collision with a cow or
the like.

In particular, the sensor image processor and/or the navi-
gation mechanism is configured to recognize an object in a
thus produced grey tone values image. An example here is the
recognition of manure on sawdust or the like. Manure will in
general have a low reflection capacity (be dark), while saw-
dust is usually light colored. All this may depend on the
radiation applied by the sensor.

The sensor image processor and/or the navigation mecha-
nism is configured to adjust, if an obstacle is detected, the
position and/or the speed of the vehicle. For example, if an
animal, a child or other moving object is recognized, the
speed will be reduced, if desired to zero, according to the
inventive method. In the case of unknown obstacles, a warn-
ing signal can be supplied, if desired.

In particular, the sensor image processor is configured to
determine repeatedly an image of the observation area, in
particular of an object therein. Although, in principle, it is
sufficient to determine only once a three-dimensional or not
three-dimensional image, to perform the further control on
the basis thereof, it is advantageous to perform this determi-
nation a plurality of times (successively). It is thus possible to
take into account changing circumstances, and in particular
movements of an animal or the like which is present.

Below, a sensor of the vehicle according to the invention
will briefly be set out in further detail. The source of radiation
emits electromagnetic radiation. Preferably, light is used for
this purpose, more preferably infrared radiation, more pref-
erably near-infrared (NIR) radiation. The fact is that, for this
purpose, suitable LEDs can be used which are very easy to
control by means of an electrically controllable supply cur-
rent, and which are, in addition, very compact and efficient
and have a long service life. Nevertheless, other sources of
radiation could be used as well. The advantage of (near-)
infrared radiation is that the radiation does not irritate animals
which may be present.

The radiation is modulated according to a modulation fre-
quency which is, of course, different from and much lower
than the frequency of the electromagnetic radiation itself.
The, for example, infrared light is in this case a carrier for the
modulation signal. The modulation helps to determine the
phase difference of emitted and reflected radiation. Prefer-
ably, the modulation is amplitude modulation.

By means of the emitted radiation, the distance is deter-
mined by measuring a phase shift of the modulation signal, by
comparing the phase of reflected radiation with the phase of
reference radiation. For the latter, the emitted radiation is
usually (almost) directly passed on to the receiver, at any rate
with a known distance between the source and the receiver, so
that the actual distance can easily be determined from the
measured phase difference by applying

Distance=Y%xwavelengthx(phase difference/2pi),

wherein the wavelength is that of the modulation signal. It
should be noted that the above relation does not make allow-
ance for unique determination of the distance which results
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from the fact that a phase difference, due to the periodicity,
may be associated with a distance A, but also with A+nx
(wavelength/2). For this reason, it may be sensible to select
the wavelength of the amplitude modulation in such a manner
that the distances which occur in practice are indeed uniquely
determined.

Preferably, a wavelength of the amplitude modulation of
the emitted light is between 1 mm and 20 m. Hereby distances
may be uniquely determined up to a maximum distance of 0.5
mm to 10 m. In practice, often a sub-range of that distance is
adhered to, for example between 0.5 mm and 5 m, due to loss
of light and, partially as a result thereof, noisy and possibly
inaccurate measurements. A modulation frequency of 300
MHz to 15 kHz is associated therewith, which modulation
frequency can easily be realized in electric circuits for con-
trolling LEDs. It should be noted that, if desired, it is also
possible to select even smaller or larger wavelengths. It is
advantageous, for example, to select the wavelength in depen-
dence on the expected to be determined distance. For
example, when looking for material to be removed, that dis-
tance will often be between 10 cm and 100 cm, so that a
preferred wavelength range will be between 20 cm and 200
cm, and consequently a preferred frequency range will be
between 1.5 MHz and 150 kHz.

In a preferred embodiment, a wavelength is adjustable, in
particular switchable, between at least two values. This pro-
vides the possibility of performing, for example, first a rough
measurement of the distance and/or the size, by means of the
large modulation wavelength. For, this wavelength provides a
reliable measurement over great distances, albeit with an
inherent lower resolution. Here, it is assumed for the sake of
simplicity that the resolution is determined by the accuracy of
measuring the phase, which can be measured, for example,
with an accuracy of y %. By first measuring at the large
wavelength it is possible to measure the rough distance. Sub-
sequently, it is possible to perform, at a smaller wavelength, a
more precise measurement, wherein the unique determina-
tion is provided by the rough measurement.

By way of example, first a measurement is performed at a
wavelength of 2 m. The accuracy of the phase determination
is 5%. The measured phase difference amounts to (0.8x2pi)
+5%. The measured distance then amounts to 0.80+0.04 m.
The next possibility would be 1.80+0.04 m, which, however,
can be excluded on the basis of the expected distance. Sub-
sequently, measurement is performed at a wavelength of 0.5
m. The measured phase difference amounts to 0.12x2pi
modulo 2pi, and again with £5%. This means that the distance
amounts to 0.12x0.25 modulo 0.25, so 0.03 modulo 0.25 m.
As the distance should moreover amount to 0.80+0.04, the
distance should be equal to 0.78 m, but now with an accuracy
01'0.01 m. In this manner the accuracy can be increased step
by step, and the different modulation wavelengths can be
selected on the basis of the accuracy of the previous step.

Advantageously, the sensor, at least a provided sensor con-
trol, is configured to automatically adjust the wavelength or,
of course, the frequency, to the determined distance. This
makes it possible to determine the distance and/or the size
more accurately in a next step.

It is also advantageous, for example, first to determine
roughly the position/distance/size at a large wavelength, and
subsequently to determine the speed from the change of posi-
tion, which can indeed be uniquely determined from the
change of the phase difference, and then preferably measured
at a smaller wavelength.

In a preferred embodiment, the source of radiation emits
radiation in a pulsed manner, preferably at a pulse frequency
of between 1 Hz and 100 Hz. Here, the pulse length is pref-
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erably not more than V2 part, more preferably 1/n part of a
pulse period. This provides radiationless pauses between the
pulses, which may be used for other purposes, such as data
transmission. For this purpose, the same source of radiation
could then be used for example, but now with a different
transmitter protocol; however, no measurement nevertheless
being suggested or disturbed by the sensor. Additionally, it is
possible to operate a different source of radiation and/or
sensor in the pauses, in which case mutual interference nei-
ther takes place.

Preferably, the source of radiation has an adjustable light
intensity and/or an adjustable angle of radiation. This pro-
vides the possibility of adjusting the emitted radiation inten-
sity or the emitted amount of radiation energy to the light
conditions, which may result in energy saving. In the case of
a short distance and a strong reflecting capacity, for example,
less radiation is required than in the case of a great distance
and a relatively strong absorbing capacity, of, for example, an
amount of manure or the like. It is also possible to adjust the
angle of radiation to the angle of view of the sensor, because
the radiation angle of view need not be greater than that angle
of' view. It may be advantageous, for example, when navigat-
ing through a space, to select a great angle of radiation, such
as for example between 80° and 180°, because the angle of
view used in that case will often be great as well. On the other
hand, when ‘navigating’ on a heap of material to be removed
orthe like, the angle ofradiation may also be selected smaller,
such as for example between 30° and 60°. Of course, other
angles of radiation are possible as well.

Alternatively or additionally, a sampling time of the sensor
may be adjustable. For example, there is provided a mode in
which a sampling time has been prolonged, for example has
been doubled. Also in this manner it is possible to adjust the
implement to more unfavorable conditions, because the total
received amount of light increases. This may be advanta-
geous, for example, at low reflection of the objects and the
environment, or if there is, on the contrary, much scattered
light. By way of example, a standard sampling time is 8 ms,
whereas for difficult conditions the sampling time may be
prolonged, to for example 16 ms.

Ina particular embodiment, the receiver device, and advan-
tageously also the source of radiation, is disposed rotatably
and/or telescopically. This provides the advantage that for
efficient navigation not the entire vehicle, but only the
receiver device and, possibly, also the source of radiation, has
to be rotated. The vehicle then ‘looks about’ as it were. This is
in particular advantageous if the angle of view, and possibly
also the angle of radiation, is relatively small, in order to
ensure in this manner a relatively high resolution. However, it
is also possible, of course, to dispose the receiver device and
the source of radiation rigidly, for the purpose of a greatest
possible constructional simplicity. Additionally or alterna-
tively, the receiver device, and advantageously also the source
of radiation, may be telescopic. As a result thereof, the sensor
may, if not required, e.g. be protected from influences from
outside, while it may assume a favourable detection position,
if this is desired.

In another embodiment, the sensor comprises receivers
which are positioned in such a manner that the sensor has an
observation area with an angle of view of at least 180°, pref-
erably of substantially 360°. In this case, it is possible to use
either a single ultra wide-angle lens (‘fisheye’) to cast the
image on the sensor, but it is also possible to use a sensor with
a plurality of (image) surfaces, and associated lenses, or in
other words a sensor with a plurality of sub-sensors, which
comprise each a plurality of rows and columns of receivers.
The advantage of this embodiment is that it is capable of
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overlooking in one go the complete field of view to move in
one direction, and even of detecting a complete around-im-
age. This is particularly favorable for navigating and guiding.

In a particular embodiment, an angle of view of the obser-
vation area of the sensor is adjustable. The angle of view may
then be selected, for example, in accordance with the obser-
vation object or area. It is advantageous, for example, when
guiding to a heap of material to be removed, to select the angle
of view as a small one, with a corresponding higher resolu-
tion. It may also be advantageous to keep disturbing radiating
objects, i.e. hot objects, such as incandescent lamps, away
from the observation area by advantageously selecting the
angle of view. For this purpose, it is possible, for example, to
dispose an objective (lens) with variable focal distance
(‘zoom lens’) in front of the sensor. It is also possible to select
only a limited area of the receivers of the sensor. This is
comparable with a digital zoom function.

Advantageously, at least a part of the sensor, in particular a
source of radiation and/or the receiver device, is resiliently
suspended from the frame. An advantage thereof is that, for
example, an animal such as a cow will less soon get injured by
the sensor which, of course, often projects to some extent, and
thus forms a risk for legs and the like. On the other hand, the
source of radiation and/or the receiver device are/is thus better
protected from jolts caused by, for example, the same legs.

In a further embodiment, the navigation mechanism is
operatively connected to the sensor, in particular to the sensor
image processor, and more in particular the navigation
mechanism comprises the sensor. As already pointed out now
and then in the foregoing, the present invention may not only
be applied for, for example, detection of and guiding to mate-
rial to be removed, but also, for example, for guiding the
vehicle as a whole to, for example, a recharging point, etc. It
is then possible for the navigation mechanism to receive
information via the sensor, in order thus to be able to map out
a route.

In particular, the sensor image processor is configured to
recognize at least one of a heap of material to be removed such
as manure, an animal or a part thereof such as a leg of the
animal. If such recognition mechanism is incorporated in the
sensor image processor, or, of course, in a control device
which is operatively connected thereto, the vehicle is very
well capable of finding in an efficient manner its way to
material to be removed such as manure, or around an animal.
In particular, this may be of importance for safety. For
example, if the implement is configured to recognize a calf, or
other young animal, it is possible to prevent that a calf born
from a cow which has calved prematurely is recognized as
material to be removed, which is, of course, dangerous and
very undesirable. The vehicle is also capable of recognizing
whether a box or other object to be cleaned is free from
animals. Needless to say that such a vehicle is capable of
saving a lot of labour. Such image recognition mechanism is,
incidentally, known per se in the state of the art, and will not
be explained here in further detail.

In particular, the image recognition mechanism comprises
previously stored information regarding position and/or ori-
entation of one or more reference objects. Advantageously,
the sensor image processor is moreover configured for orien-
tation in the observation area on the basis of comparing the
observed image with the stored information. Very efficient
navigation is thus possible. Examples of reference objects are
a door, a box, a beacon or the like. Advantageously the refer-
ence object comprises a marking, in particular a line or pat-
tern on a floor of, for example, a stable, in which case the
reference object has a high reflection coefficient for the emit-
ted radiation. The line or the pattern may be used as an easily
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to be recognized orientation mechanism, while the high
reflection ensures a reliable signal. Such a reference object is
advantageous if the vehicle often follows the same route, for
example from a box to an unloading place for the material
removed.

In a particular embodiment, the sensor is configured to
distinguish the plurality of sub-objects, i.e. to recognize and
process a plurality of objects in one image, if the object in the
observation area comprises a plurality of sub-objects. This
may be distinguished, for example, because in the group of
points from which radiation is reflected there is a discontinu-
ously changing distance between at least a first group of
points and a second group of points. It is thus possible to
distinguish between a plurality of separate amounts of mate-
rial to be removed, or between material to be removed and a
part of an animal which, of course, can move. However, these
techniques are known per se in the state of the art, so that this
will not be set out here in further detail.

In another embodiment, the sensor image processor is con-
figured to determine a mutual distance between two of the
plurality of sub-objects. This is, for example, advantageous
when navigating, because the sensor or the navigation mecha-
nism is then able to determine whether the vehicle can pass
through between the two sub-objects.

In a further embodiment, the sensor image processor is
configured to determine repeatedly, from an image of the
observation area, a position and/or a mutual distance to the
distinguished subject, especially the material to be removed.
It is sufficient per se to determine only once the relevant
position and/or the mutual distance to that material. However,
it is advantageous to do this repeatedly, because the vehicle is
thus able to anticipate, for example, unforeseen changes, such
as an animal which comes into the path of the vehicle. There-
fore, the vehicle according to this embodiment is capable of
following an animal which may be present in a very efficient
manner in the case of such movements.

In another embodiment, the sensor image processor is con-
figured to calculate the speed of the vehicle relative to the
material to be removed from a change of the position and/or
the mutual distance, and in particular to minimize, advanta-
geously on the basis of the calculated speed, the mutual
distance between the vehicle and the material to be removed,
which will effect an even more efficient navigation. Alterna-
tively, the speed and/or the position can also be adjusted, for
another purpose, such as avoiding.

The material displacing mechanism advantageously com-
prises a material slide, so that the material can be slid from the
floor. This is a very simple embodiment for removing mate-
rial, wherein it is possible to slide that material, for example,
to a central collecting place.

The material slide is preferably made of flexible material,
the flexibility being chosen in such a manner that, when
displacing material, the material slide will at least substan-
tially keep its shape, whereas, when colliding with a not
recognized small obstacle which is rigidly fitted in or on the
floor, the material slide will deform in such a manner that it is
capable of passing along the obstacle.

More advantageously, the material displacing mechanism
comprise the material take-up mechanism with a material
storage, in particular material pick-up mechanism and/or
material sucking mechanism. With the aid of such mecha-
nisms of displacement ofunwanted material, by smearing and
the like, is avoided in an efficient manner.

Such material pick-up mechanism may comprise, for
example, a gripper with a jaw portion, and advantageously
with at least two jaw portions, as well as a storage container.
In a similar manner, the material sucking mechanism may
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comprise a suction pump, whether or not supported by, for
example, rotating brushes or the like.

In various embodiments, the vehicle further comprises a
cleaning device for cleaning an environment, in particular a
floor cleaning device for cleaning a stable floor. In addition to
the removal of material, this enhances the hygiene of the
environment. The cleaning device comprises, for example, at
least one rotating or reciprocatingly movable brush and/or a
cleaning liquid applying device, if desired complemented by
a sucking device for sucking material loosened by brushing
and/or cleaning liquid. In one embodiment, the material suck-
ing mechanism and the sucking device are preferably com-
bined.

A further advantage of the vehicle according to the inven-
tion is that it is capable of judging very well whether the
material to be removed has actually been removed substan-
tially completely. For this purpose the vehicle, at least the
control device, is preferably configured to form again an
image of the observation area, after a material removing
action, and to judge whether the material to be removed has
disappeared from that image. For example, the control device
is configured to judge the image of the observation area as
cleaned if in the depth image of that observation area no
deviating height differences are recognized, or if the reflec-
tion capacity of the floor in the observation area does not
deviate significantly from a predetermined average value.

In another embodiment, the vehicle further comprises at
least one of a connection for electric power supply, a connec-
tion for material supply, in particular manure, used washing
and/or disinfecting liquid, and a connection for a liquid, in
particular a washing or disinfecting liquid, wherein the sensor
image processing mechanism is configured to couple the
connection to a counter-connection for that connection, by
recognizing the connection and the counter-connection and
minimizing the mutual distance between the connection and
the counter-connection. It is thus possible for such a vehicle to
perform even more functions without the intervention of an
operator. In this case, the coupling of the connection to the
counter-connection may comprise steps which are compa-
rable with the steps for locating and removing the material to
be removed. This means: the vehicle comprises controller,
connected to the sensor image processor, which minimize, on
the basis of the image of the connection and the counter-
connection, the distance there between, in order thus to real-
ize the coupling. In this case, the connection and/or the
counter-connection are preferably self-searching.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the invention will be appre-
ciated upon reference to the following drawings, in which:

FIG.11is a diagrammatic side view of an unmanned vehicle
according to the invention,

FIG. 2 is a diagrammatic view of a detail of a sensor of the
unmanned vehicle according to the invention,

FIG. 3 is a diagrammatic side view of another unmanned
vehicle according to the invention, and

FIG. 4 is a flowchart of an embodiment of a method.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The following is a description of certain embodiments of
the invention, given by way of example only and with refer-
ence to the drawings. Referring to FIG. 1, aunmanned vehicle
shown in a diagrammatic side view is generally denoted by
the reference number 1. It comprises a frame 10 with rear
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wheels 12 and a sliding shoe 14 and/or optionally front
wheels 14' which are indicated here by a dashed line, and with
a control device 16. A manure slide 18 is disposed on the
frame 10. There are further provided a first sensor 24 which
emits a first light beam 26, as well as a second sensor which
emits a second light beam 30, as well as a communication
device 32.

Thevehicle 1 is self-propelled, i.e. autonomously displace-
able, by means of wheels 12 and/or 14' driven by a not shown
drive. The control of the drive is preferably connected to the
sensor image processor and/or navigation mechanism, which
are not separately depicted here. In fact, it is advantageous,
for reasons of compactness, to combine both the sensor image
processor, the navigation mechanism, robot control mecha-
nism (neither shown) and other control mechanism, if any, in
the control device 16 which comprises, forexample, a CPU or
comparable device.

In one embodiment shown here, the manure slide 18 is
made of flexible material. In this case, the flexibility is chosen
in such a manner that, when displacing manure, the manure
slide will at least substantially keep its shape, whereas, when
colliding with a not recognized small obstacle which is rig-
idly fitted in or on the floor, the manure slide will deform so as
to be capable of passing along the obstacle.

A light source in the first sensor 24, or separate light source,
emits a first light beam 26. The first observation area of the
first sensor 24 substantially corresponds to the solid angle in
which the first radiation beam 26 is emitted, but may also be
smaller. Likewise, the second sensor 28, or separate light
source, emits a second light beam 30, and the second obser-
vation area will roughly correspond to the solid angle in
which the second light beam is emitted.

The first observation area, which is, incidentally, shown
very diagrammatically in FIG. 1, will be used in practice to
navigate the vehicle 1. It will be possible to use the second
observation area to be able to navigate in an area behind the
vehicle 1.

The communication device 32 may be used for communi-
cation with an external PC, data storage, etc. For this purpose,
there may be used radio signals, optical signals, and the like.
For example, the image which is produced by means of the
first and/or the second sensor may be sent to a control panel.
The communication device may also serve to emit a warning
signal, for example in the case of an operational failure. The
signal may, for example, be visible and/or audible.

FIG. 2 is a diagrammatic view of a sensor in operation. The
sensor 24 comprises a housing 33 with a light source 34 which
emits light 36 which is formed by the exit optical device 38
into an outgoing beam 40. A first ray 42 thereof hits an object
44, such as a heap of manure, and is reflected as a reflected
beam 46 which is displayed, via the entrance optical device
48, on a number of receivers 50-1, 50-2, 50-3, . . .. The signals
from those receivers are processed by the sensor image pro-
cessing device 52 which is connected to the sensor control 54.
The sensor control 54 is also connected to the light source 34
which also emits a reference ray 56 to the reference receiver
58.

The housing 33 is, for example, a moisture-proof and dust-
proof housing of shock-proof synthetic material or metal,
which may be attached on the milking implement in a resilient
or otherwise shock-absorbing manner. The housing 33 com-
prises a front side. At the front side there is included an exit
optical device 38 which forms light 36 from one or a plurality
of light sources 34 into a desired outgoing beam 40. The
outgoing beam need not be wider than the desired observation
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area, and preferably corresponds thereto. For this purpose, the
exit optical device 38 may advantageously be an adjustable or
even a zoom lens.

In this embodiment, the light source 34 comprises infrared
light emitting diodes (IR-LEDs), but may also comprise other
colours of LEDs, or a laser diode, etc. It should be noted that
everywhere in this document the term ‘light’ is used, but that
this may generally be read as ‘electromagnetic radiation’. The
light source 34 is connected to the sensor control 54 which,
for example, applies an amplitude modulation signal over the
control current of the IR-LEDs of light source 34, or other-
wise effects a modulation of the light 36. An exemplary
modulation frequency is, for example, 100 kHz, but this may
be selected within very wide margins, and even be adjustable.
Incidentally, there may also be provided a separate light
source control, which may be connected itself to the sensor
control 54, or a general control device 16. The light intensity
of the light source 34 may be adjusted within associated
limits, for example, by increasing the supplied power.

There may be provided a not shown power supply for the
light source 34, for the sensor 24, and even for the vehicle 1 as
awhole. It should be noted that neither the power supply, nor
any of the sensor control 54, the sensor image processing 52
to be described hereinafter, nor even the light source 34, need
be provided in the sensor 24, but may, for example, also be
provided elsewhere on the vehicle. The connections may be
wired or wireless connections.

In a variant, the exit optical device 38 is provided at the
inner side of the front side, the front side being made from a
material which is transmissible for the emitted light. In this
manner the exit optical device 38, and in general the interior
of'the sensor 24, is protected from external influences, while
a flat front side of synthetic material can easily be cleaned.

In the outgoing beam 40, or in many cases in the observa-
tion area, there is an object 44, such as a heap of manure, a
cow’s leg or the like, which is irradiated by a first ray 42. The
object 44 will partially reflect that first ray 42 in a reflected
beam 46. Only a small part thereof is depicted, which part is
formed into an image by the entrance optical device 48. The
entrance optical device 48 may also effect an adjustment of
the image to the desired observation area or vice versa, and
may, for example, be designed for this purpose as an adjust-
able lens or even as a zoom lens.

In the housing 33 there is further included a place-sensitive
receiver device, such as a CMOS or a CCD or the like. The
receiver device comprises a matrix with a plurality of rows
and columns of receivers 50-1, 50-2, 50-3, . . ., in the form of
photodiodes or other light-sensitive elements. In an exem-
plary embodiment, this is a matrix of 64x64 photodiodes, but
resolutions of 176x144, 640x480, and other, smaller or
larger, matrices are likewise possible. For the sake of clarity,
only a very small number of receivers, and only in one single
row, are depicted in FIG. 2. Here, the reflected beam 46 is
found to be displayed on the receiver 50-3, which will supply
a signal. If, for example, the object 44 is larger, or the reso-
Iution of the sensor 24 is greater, there will be per object 44 a
plurality of receivers 50-1, . . . , which will supply a signal.
This is also the case if a plurality of objects 44 are present in
the observation area.

Consequently, in the depicted case, (only) the receiver 50-3
supplies a signal, from which a phase can be determined by
means of known techniques, such as sampling at four points,
at a known frequency. For this purpose, the sensor image
processing device 52 may, for example, be equipped with
suitable circuits. The sensor control 54 may also be equipped
for this purpose.
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This phase is compared with the phase of a reference ray 56
which is transmitted to and received by a reference receiver
58. It is not relevant whether the latter is located immediately
next to the light source 34, as long as the optical path length,
and consequently the acquired phase difference of the refer-
ence ray 56, between the light source 34 and the reference
receiver 58, is known.

For each receiver 50-1, . . ., there is determined, from the
phase difference between the reference ray 56 and the beam
reflected on the receiver, a distance with the known relation
between wavelength and phase difference. This takes place in
principle substantially parallel and simultaneously for each of
the receivers 50-1, . . . . There is thus created a 2D collection
of distances, from which a spatial image of the observed
object 44 can be formed.

If necessary, the measurement is also performed at one or
more other modulation wavelengths, in order to achieve a
unique determination in distance, or an increased accuracy. If
desired, it is also possible to repeat the measurement at one
and the same modulation wavelength, for example to increase
the reliability, to take changes in the observation area into
account, such as movement, or even to determine a speed of
anobject 44 in that observation area, by measuring the change
of a distance. For this purpose, the sensor control 54 can be
configured in a simple manner. A favourable repeat speed is,
for example, at least 16 Hz, because it is thus possible to
display movements sufficiently flowing, at least for human
beings. For higher accuracy of control, a higher repeat speed,
such as 50 Hz or 100 Hz is even better. Other repeat speeds are
possible as well, such as, for example, 1 Hz to 2 Hz, such as
for unanimated objects, such as a heap of manure.

In one embodiment, short light pulses may be emitted by
the light source 34, provided that each light pulse comprises
at least one whole wave, preferably two or more waves, of the
modulated signal. At the modulation frequencies occurring in
practice, this can easily be realized.

In another embodiment, the sensor comprises a Photonox
Mixer Device (PMD), which incorporates in a suitable man-
ner a matrix of light-sensitive and distance-sensitive sensors.

In practice, the vehicle with the sensor according to the
invention will be able to recognize material to be removed, for
example because the observed image contains depth informa-
tion which should not be present therein. For, the floor is
assumed to be flat, or to extend at least in a known manner. If
another depth is found in the image, i.e. another distance than
an anticipated distance, this is an indication of the presence of
often unwanted material. If desired, it is possible to make an
additional judgement about this by means of additional image
recognition techniques, for example by means of a spectral
(colour) analysis which indicates whether the subject com-
prises manure, feed or the like. After positive recognition
made in this manner it is possible for the vehicle 1 to displace
the material 44 by means of the manure slide 18, for example
to a collecting point.

FIG. 3 is a diagrammatic side view of another unmanned
vehicle according to the invention. Similar components will
not be separately indicated again.

Here, the vehicle comprises material pick-up mechanism
and material sucking mechanism provided with a storage and
with a cleaning device. The material pick-up mechanism
comprise a gripper 22. The material sucking mechanism com-
prise a suction nozzle 21 with a guide mechanism 20. The
storage is denoted by 23. The cleaning device comprises a
rotatable brush 60 and a spray nozzle 62 which is capable of
ejecting a jet of liquid 64.

Under the control of the sensor of the vehicle, the gripper is
capable of picking up the heap 44 and depositing the latter, if
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desired, in the storage 23. Alternatively or additionally, under
the guidance of the guide mechanism 20 which itself is under
the control of the sensor, the suction nozzle 21 is capable of
sucking the heap 44.

Additionally, the cleaning device is capable of cleaning the
floor, for example by brushing by means of the brush 60
and/or providing a jet of cleaning and/or disinfecting liquid
64. This liquid may be sucked, together with loosened mate-
rial, by means of, for example, the suction nozzle 21. If
desired, brushing may subsequently take place by means of
the brush 60, and, if desired, sucking may take place again.
Additionally, both during and after the cleaning process, the
sensor may take an image of the area to be cleaned, in order to
verify whether cleaning has been carried out properly.

An algorithm 100 for the method according to the inven-
tion is shown in the flowchart of FIG. 4. A sensor, for example
the sensor 24 of the above described unmanned vehicle,
detects a part of a space, in which space animals may be
present. This detection is translated into an image, for
example a spatial image. This image is added to the algorithm
in step 102. In step 104 the objects in the image are analysed,
for example by comparing shape aspects and dimensions with
reference objects in a database. An animal, such as a cow, can
thus be detected. It is also detected whether the cow is lying or
standing and, if desired, other characteristics, such as size and
health of the cow, can be determined.

In step 106 it is detected whether a cow, or a part thereof, is
present in the image. If not, the unmanned vehicle is allowed
to maintain its course in step 108 and the algorithm restarts
with step 102. Although the maintenance of a course is
involved here, itis, of course, also possible that another part of
the navigation mechanism gives an order to change the
course, for reasons that have nothing to do with the presence
or absence of an animal, such as a cow, but, for example, to
reach a desired destination.

If a cow is indeed detected in step 104, there is subse-
quently determined in step 110 a part of a set of priority
parameters which give an indication whether the detected
animal is able to give way to the unmanned vehicle. The
animal is assumed to be able to deviate if it is standing and in
particular if the animal is further not completely or partially
present in a cubicle and if the animal is able to detect the
unmanned vehicle. In such a case the set of priority param-
eters in question meets a collision criterion. To determine the
set of priority parameters, the position, the orientation and (in
step 118) the standing condition of the cow are determined.
The position of the cow can be established in absolute terms,
with respect to a fixed coordinate system, or in relative terms
with respect to the unmanned vehicle. By orientation is meant
a direction of a forwardly oriented longitudinal axis through
the cow, also here with respect to a fixed coordinate system, or
in relative terms with respect to the unmanned vehicle. The
orientation can be established by determining the position of
the head and/or the tail with respect to the centre of gravity of
the cow. Other characteristics, such as the mutual distance of
the legs and the shape of the hoofs, can be used to establish
where the front side, the lateral side and the rear side of the
detected cow are located.

In step 112 it is determined whether the cow is present on,
orinthe vicinity of, a current course of the unmanned vehicle.
If this is not the case, the unmanned vehicle is allowed to
maintain its course in step 108 and the algorithm restarts with
step 102. If there is indeed a cow present on or near the course
ofthe unmanned vehicle, then, on the basis of the earlier made
image analysis and position determination (steps 104 and
106) it is established whether the cow is present in a cubicle
(step 113). In practice, a cow can also be partially present in
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the cubicle. Preferably, it is established beforehand how large
a part of the cow should at least be in the cubicle to decide
within the context of step 113 that the cow is present in the
cubicle. This part may, for example, be 25%, 50% or 75% of
the cow. When the cow is in the cubicle according to step 113,
the navigation mechanism receives in step 114 a command to
make the unmanned vehicle deviate. A simple manner of
deviating is to adjust the current course by a predetermined
value, for example 15 degrees, in a predetermined direction.
Of course, more complex adjustments are also possible, in
which, for example, the presence of other cows, a desired
destination and/or the shape of a stable are taken into account.

If the cow is not present in a cubicle, in step 116 it is
determined whether the course of the unmanned vehicle is in
the observation area of the cow. This is for example the case
if the unmanned vehicle is currently located in front of the
cow, i.e. in an area of =90 degrees to +90 degrees with respect
to the longitudinal axis of the cow. In other words, the obser-
vation area is formed by the area in front of the forelegs of the
animal. If desired, greater values can be selected, depending
on the position of the eyes of the cow and the associated field
of view. For example, the observation area may also extend
from —135 degrees to +135 degrees with respect to the for-
wardly oriented longitudinal axis of the cow. If the course of
the vehicle does not go through the observation area, the
navigation mechanism receives in step 114 the command to
make the unmanned vehicle deviate.

Ifthe course of the vehicle does go through the observation
area, in step 118, on the basis of the earlier made image
analysis (step 104), there is established a next priority param-
eter, a standing condition of the detected animal, by deter-
mining whether the cow is standing. If this is the case, the set
of priority parameters meets the collision criterion and the
unmanned vehicle need not deviate (step 108, followed by
step 102). If the cow is not standing, but lying or possibly
kneeling, the navigation mechanism receives in step 114 the
command to make the unmanned vehicle deviate and the
algorithm restarts with step 102. The standing condition may
be established by determining, on the basis of the earlier made
image analysis (step 104) with how many legs the cow is
standing on the ground. If the cow is standing with three or
four legs on the ground, it is established that the cow is
standing. If the cow is standing with zero or one leg on the
ground, it is established that the cow is not standing. If the
cow is standing with two legs on the ground, this can mean
that the cow is kneeling and is going to lie down from a
standing position, or to get up from a lying position.

In the case of a kneeling position it can optionally be
established that the cow is standing or is not standing. If it is
decided to equate, for the standing condition, a cow which is
kneeling with a cow which is standing, the set of priority
parameters meets the collision criterion ifit is found from the
image analysis that the cow is standing with at least two legs
on the ground. Alternatively, it may be decided that the col-
lision criterion is met if it is found from the image analysis
that the cow is standing with at least three legs on the ground.

It will be obvious that the invention is not limited to the
preferred embodiments of the unmanned vehicle shown in the
figures and described in the foregoing and the method of
navigating same, but that numerous modifications are pos-
sible within the scope of the accompanying claims. For
example, the method need not go through all the above-
described steps, or the method may be configured differently.
Preferably, the method will at least determine if the animal is
standing. In a relatively simple embodiment, the unmanned
vehicle never deviates for an animal which is standing and
always deviates for an animal which is not standing. Alterna-
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tively, the method may at least determine whether the animal
is at least partially present in a confined area of the space,
and/or whether the unmanned vehicle is travelling in the
observation area of the animal. In a relatively simple embodi-
ment, the unmanned vehicle never deviates for an animal
positioned with less than a predetermined portion of its body
in a confined area of the space and always deviates for an
animal which is present therein. In another relatively simple
embodiment, the unmanned vehicle never deviates for an
animal for which the unmanned vehicle is travelling within
the observation area and always deviates for an animal for
which the unmanned vehicle is travelling outside the obser-
vation area.

In an alternative method, a plurality of priority parameters
are determined in one go and the decision to deviate or not to
deviate is made from a multidimensional matrix in which for
each combination of priority parameters it is recorded
whether or not it meets the collision criterion and the
unmanned vehicle accordingly deviates or maintains its
course.

The manure slide and the sliding shoe of the unmanned
vehicle may, for example, be designed linearly. Furthermore,
the sliding shoe may be detachably attached to the unmanned
vehicle, so that itis possible to use the unmanned vehicle with
and without sliding shoe.

An unmanned vehicle can also perform other activities,
such as autonomously connecting teat cups for milking a
dairy animal, such as a cow, inspecting the health of the
animals, driving animals, or distributing feed. The unmanned
vehicle and the associated method can also be applied in
another space than a stable, such as a pasture. In said space
there may also be other animals than cow, such as, for
example, pigs. The navigation, as far as it is not influenced by
the above-described inventive method, may have various
forms and may be fed in different manners. Although it is
advantageous if the unmanned vehicle selects its route on the
basis of detected spatial images of the environment, the route
may also be determined completely or partially by chance
(fixed, or random choice of adjustment of the course direction
after meeting an obstacle), or by a beforehand programmed
route, for example with respect to fixed beacons, or with
respect to GPS coordinates.

It is further possible to use a different type of sensor for
forming an image by which an animal is detected. For
example, there may be used other types of spatial sensors,
such as a time-of-flight sensor, stereometric cameras, radar,
or laser scanners. There may also be used a camera which
forms a two-dimensional image. For, this suffices to deter-
mine whether an animal is lying on the course of the
unmanned vehicle and what is the orientation of the animal.
Moreover, from a two-dimensional image there can be made
a distance estimation by determining the size of an image on
the camera of the depicted animal. It may also be advanta-
geous to combine different types of sensors with each other.

Thus, the invention has been described by reference to
certain embodiments discussed above. It will be recognized
that these embodiments are susceptible to various modifica-
tions and alternative forms well known to those of'skill in the
art. Further modifications in addition to those described
above may be made to the structures and techniques described
herein without departing from the spirit and scope of the
invention. Accordingly, although specific embodiments have
been described, these are examples only and are not limiting
upon the scope of the invention.
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What is claimed is:
1. A method of navigating an unmanned vehicle in a space
in which at least one animal is present, the method compris-
ing:
detecting at least a part of the at least one animal, and
determining whether a current course of the unmanned
vehicle will lead to a collision with the animal,

wherein, if it is determined that the current course of the
unmanned vehicle will lead to a collision with the
detected animal, the method further comprises:

determining a set of one or more priority parameters of the
detected animal comprising at least a first priority
parameter relating to a standing condition of the
detected animal, and
deciding, on the basis of the set of priority parameters of the
detected animal, whether the course of the unmanned
vehicle will be adjusted to avoid the detected animal,

wherein the course of the unmanned vehicle will be main-
tained if the set of priority parameters meets a predeter-
mined collision criterion, and the course of the
unmanned vehicle will be adjusted to avoid the detected
animal if the set of priority parameters does not meet the
predetermined collision criterion, and

wherein the set of priority parameters only meets the pre-

determined collision criterion if at least the standing
condition of the detected animal is that the detected
animal is standing, and wherein the set of priority
parameters does not meet the predetermined collision
criterion if the standing condition of the detected animal
is that the detected animal is not standing.

2. The method according to claim 1, wherein the deter-
mined set of priority parameters used in the step of deciding
whether the course of the unmanned vehicle will be adjusted
to avoid the detected animal further comprises a relative
orientation of the detected animal with respect to the
unmanned vehicle,

wherein the set of priority parameters only meets the pre-

determined collision criterion if at least the standing
condition of the detected animal is that the detected
animal is standing and

the relative orientation of the detected animal is such that

the course of the unmanned vehicle is within an obser-
vation area of the detected animal, and

wherein the set of priority parameters does not meet the

predetermined collision criterion if the standing condi-
tion of the detected animal is that the detected animal is
not standing or the relative orientation of the detected
animal is such that the course of the unmanned vehicle is
outside the observation area of the detected animal.

3. The method according to claim 2, further comprising the
step of setting the observation area to comprise at least the
area in front of the forelegs of the detected animal.

4. The method according to claim 3, further comprising the
step of setting the observation area to further comprise an area
next to the detected animal,

wherein the area is confined by a virtual line which extends

obliquely rearwards from the head of the detected ani-
mal.

5. The method according to claim 1, wherein the deter-
mined set of priority parameters used in the step of deciding
whether the course of the unmanned vehicle will be adjusted
to avoid the detected animal further comprises a position of
the animal with respect to the space,

wherein the set of priority parameters only meets the pre-

determined collision criterion if at least the standing
condition of the detected animal is that the detected
animal is standing and the detected animal is positioned
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with less than a predetermined portion of its body in a
confined area of the space, and

wherein the set of priority parameters does not meet the
predetermined collision criterion if the standing condi-
tion of the detected animal is that the detected animal is
not standing or that the detected animal is positioned
with more than a predetermined portion of its body in a
confined area of the space.

6. The method according to claim 5, further comprising the
step of selecting the predetermined portion is a percentage of
the detected animal in a range of 0-90%.

7. The method according to claim 6, wherein the percent-
age is 75%, 50% or 25%.

8. An unmanned vehicle for performing activities ina space
in which at least one animal is present, comprising a frame,
with mounted thereon:

a propulsion mechanism and a navigation mechanism,
wherein the vehicle further comprises a sensor for form-
ing an image of an observation area, the sensor compris-
ing a sensor image processor operatively connected to
the navigation mechanism, and

wherein at least one of the sensor image processor and the
navigation mechanism is configured to:

detect at least a part of the at least one animal, and

determine whether a current course of the unmanned
vehicle will lead to a collision with the animal, wherein
the at least one of sensor image processor and navigation
mechanism, if the current course of the unmanned
vehicle will lead to a collision with the detected animal,
subsequently:

determine at least a first priority parameter from a set of one
or more priority parameters of the detected animal,
wherein the first priority parameter is a standing condi-
tion of the detected animal,

decide, on the basis of the set of priority parameters of the
detected animal, whether the course of the unmanned
vehicle will be adjusted to avoid the detected animal,
wherein the course of the unmanned vehicle will be
maintained if the set of priority parameters meets a pre-
determined collision criterion, and the course of the
unmanned vehicle will be adjusted to avoid the detected
animal if the set of priority parameters does not meet the
predetermined collision criterion,

wherein the set of priority parameters only meets the pre-
determined collision criterion if at least the standing
condition of the detected animal if that the detected
animal is standing, and

wherein the set of priority parameters does not meet the
predetermined collision criterion if the standing condi-
tion of the detected animal is that the detected animal is
not standing.

9. The unmanned vehicle according to claim 8, wherein the
set of priority parameters comprises a relative orientation of
the detected animal with respect to the unmanned vehicle,

wherein the set of priority parameters only meets the pre-
determined collision criterion if at least the standing
condition of the detected animal is that the detected
animal is standing and the relative orientation of the
detected animal is such that the course of the unmanned
vehicle is within an observation area of the detected
animal, and

wherein the set of priority parameters does not meet the
predetermined collision criterion if the standing condi-
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tion of the detected animal is at least one of: that the
detected animal is not standing or the relative orientation
of the detected animal is such that the course of the
unmanned vehicle is outside the observation area of the
detected animal.

10. The unmanned vehicle according to claim 9, wherein
the observation area comprises at least the area in front of the
forelegs of the detected animal.

11. The unmanned vehicle according to claim 10, wherein
the observation area further comprises an area next to the
detected animal, wherein the area is confined by a virtual line
which extends obliquely rearwards from the head of the
detected animal.

12. The unmanned vehicle according to claim 8, wherein
the sensor is configured to form a spatial image of the obser-
vation area.

13. The unmanned vehicle according to claim 9, wherein
the sensor comprises:

a source of radiation for emitting modulated electromag-
netic radiation,

a receiver device for receiving electromagnetic radiation
reflected by an object in the observation area, the
receiver device comprising a matrix with a plurality of
rows and a plurality of columns of receivers,

an optical device for imaging the reflected electromagnetic
radiation on the receiver device, and

wherein the sensor image processor is configured to deter-
mine for each of the receivers a phase difference
between the emitted electromagnetic radiation and the
reflected electromagnetic radiation in order to calculate
a distance from the receiver to the object.

14. The unmanned vehicle according to claim 8, wherein
the set of priority parameters comprises a position of the
animal with respect to the space,

wherein the set of priority parameters only meets the pre-
determined collision criterion if at least the standing
condition of the detected animal is that the detected
animal is standing and the detected animal is positioned
with less than a predetermined portion of its body in a
confined area of the space, and

wherein the set of priority parameters does not meet the
predetermined collision criterion if the standing condi-
tion of the detected animal is that the detected animal is
not standing or the detected animal is positioned with
more than a predetermined portion of its body in a con-
fined area of the space.

15. The unmanned vehicle according to claim 8, wherein
the sensor image processor is configured to determine repeat-
edly at least one of: an image of the observation area, and an
image of an object in the observation area.

16. The unmanned vehicle according to claim 8, wherein
the sensor image processor is configured to recognize at least
one of a heap of material to be removed and a leg of the
animal.

17. The unmanned vehicle according to claim 16, wherein
the vehicle is configured to remove material from the floor of
a stable, and comprises a material remover.
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