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(57) ABSTRACT

An unmanned vehicle for supplying feed to an animal, which
is provided with a frame, with propulsion mechanism dis-
posed thereon, feed supplier for supplying feed and navigator
connected to the propulsion mechanism with a sensor for
forming an image of an observation area, wherein the sensor
comprises: a source of radiation for emitting modulated elec-
tromagnetic radiation, a receiver device for radiation reflected
by an object, comprising a matrix with rows and columns of
receivers, an optical device and sensor image processor con-
figured to determine for 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. Through use of the
unmanned vehicle device an excellent and reliable navigation
is possible, so that, for example, milk can be conveyed effi-
ciently from a milking implement to a calf.
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1
UNMANNED VEHICLE FOR SUPPLYING
FEED TO AN ANIMAL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of international applica-
tion no. PCT/NL2008/00031, filed on Feb. 14, 2008, and
claims priority from Netherlands application no. 1033590
filed on Mar. 26, 2007. The contents of both applications are
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an unmanned vehicle for supplying
feed to an animal.

2. Description of the Related Art

Such an unmanned vehicle is described, for example, in the
non-published Dutch application U.S. patent application Ser.
No. 2011-0174227, which is hereby incorporated by refer-
ence in its entirety. The described vehicle comprises means,
in particular a drinking nozzle, for supplying liquid feed to an
animal. It also comprises a microprocessor for controlling its
movement from and to feed loading and feed unloading
places, as well as position determination means known per se,
but not further elaborated.

BRIEF SUMMARY OF THE INVENTION

The unmanned vehicle according to the invention com-
prises a frame, with disposed thereon a propulsion mecha-
nism; a feed supplier for supplying feed, and a navigator
connected to the propulsion mechanism with a sensor for
forming an image of an observation area, where the sensor
includes a radiation source for emitting modulated electro-
magnetic radiation, in particular light, a receiver device for
receiving electromagnetic radiation reflected by an object in
the observation area, comprising a matrix with a plurality of
rows and a plurality of columns of receivers, an optical device
for displaying the reflected electromagnetic radiation on the
receiver device, and a sensor image processor which is
arranged to determine for each of the receivers a phase dif-
ference between the emitted electromagnetic radiation and
the reflected electromagnetic radiation in order to calculate a
distance from the receiver to the object.

A vehicle with such a sensor has the advantage of being
capable of forming a very accurate and flexible image of the
environment, so that it is also capable of navigating through
its environment in a more reliable, faster and more flexible
manner. Due to this, it is also capable of performing addi-
tional tasks besides navigating, as will be explained herein-
after in further detail. More precisely, the sensor image pro-
cessor calculates the distance from the receiver to the part of
the observation area displayed 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 an animal or
a feed trough to which feed should be supplied, a feed loading
place, etc.

By using such a matrix of receivers and by determining for
these receivers a distance, like in this case by phase shifting of
the emitted light, it is possible to obtain per observation a
complete spatial image. This spatial image is in fact com-
posed in one go, instead of by scanning. All this will be
explained hereinafter in further detail.
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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 colours, or
the image may be rotated, etc.

It should be noted that the optical device, i.e. the lens or
lenses, is an optical system which casts an image of the
observation area onto 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-
able optical device by which the angle of view can be
selected, such as a zoom optical device.

It should be noted that the sensor is additionally also suit-
able 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 may be obtained. In particular, the sensor
image processor is configured to recognize an object in a thus
produced grey tone values image. An example here is the
recognition of a dark coloured animal on sawdust or the like.
Dark animal skin will in general have a low reflection capac-
ity (be dark), while sawdust is often light coloured. All this
may depend on the radiation applied by the sensor.

In particular, the sensor image processor is arranged to
determine repeatedly an image of the observation area, in
particular of an object therein. Although, in principle, deter-
mining a three-dimensional or not three-dimensional image
only once is sufficient for performing 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 that is present.

Below, a sensor of the vehicle according to the invention
will briefly be explained in further detail. The source of radia-
tion emits electromagnetic radiation. Preferably light is used
for this purpose, more preferably infrared radiation, more
preferably near-infrared (NIR) radiation. For this purpose,
suitable LEDs can be used which are very easy to drive by an
electrically controllable supply current, and which are, in
addition, very compact and efficient and have a long service
life. However, it is also possible to use other sources of radia-
tion. The advantage of (near-)infrared radiation is that the
radiation does not irritate animals that 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.
Infrared light, for example, 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.

The emitted radiation determines the distance by measur-
ing a phase shift of the modulation signal, by comparing the
phase of reflected radiation with the phase of reference radia-
tion. For the latter, the emitted radiation is mostly (almost)
directly passed on to the receiver, in any case 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/2 pi),
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wherein the wavelength is that of the modulation signal.
Please note that the above relation does not make allowance
for unique determination of the distance which results 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 dis-
tances which occur in practice are indeed uniquely deter-
mined.

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 one embodiment, a wavelength is adjustable, in particu-
lar switchable between at least two values. This provides the
possibility of performing, for example, first a rough measure-
ment of the distance and/or size, by the large modulation
wavelength. For, this wavelength provides a reliable measure-
ment over great distances, albeit with an inherent lower reso-
Iution. 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 pos-
sible to measure the rough distance. Subsequently, it is pos-
sible to perform, at a smaller wavelength, a more precise
measurement, wherein the unique determination is provided
by the rough measurement.

For example, first a measurement is performed at a wave-
length of 2 m. The accuracy of the phase determination is 5%.
The measured phase difference amounts to (0.8x2 pi)£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. Subse-
quently, measurement is performed at a wavelength 0of 0.5 m.
The measured phase difference 0.12x2 pi modulo 2 pi, 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 dis-
tance should moreover amount to 0.80+0.04, the distance
should be equal to 0.78 m, but now with an accuracy of 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.

In one embodiment, the sensor, at least a provided sensor
control, is arranged to automatically adjust the wavelength or,
of course, the frequency, to the determined distance. This
makes it possible to determine the distance and/or 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.
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In one 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 preferably
not more than Y% 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 adapting 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, a
dark skin spot or the like. Itis also possible to adapt 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 navigating
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 part of an animal, such as a mouth or
the like, the angle of radiation may also be selected as a
smaller one, 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 adapt the
implement to more unfavourable conditions, because the
totally received amount of light increases. This may be advan-
tageous, 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.
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 simplic-
ity. Additionally or alternatively, the receiver device, and
advantageously also the source of radiation, may be tele-
scopic. As aresult thereof, the sensor may, if not required, e.g.
be protected from influences from outside, while it may
assume a favourable observation position, if this is desired.

In another embodiment, the sensor comprises receivers
that 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
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comprise each a plurality of rows and columns of receivers.
The advantage of this embodiment is that it is capable of
overlooking in one go the complete forward field of view to
move in one direction, and even of observing a complete
around-image. This is particularly favourable for navigating
and guiding.

In another embodiment, an angle of view of the observation
area of the sensor is adjustable. The angle of view may then be
selected, for example, in accordance with the observation
object or area. 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 quickly 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 another embodiment, the navigator are operatively con-
nected to the sensor, in particular to the sensor image proces-
sor, and more in particular the navigator 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 a desired object, but also, for
example, for guiding the vehicle as a whole to, for example, a
recharging point, etc. It is then possible for the navigator to
receive information via the sensor, in order thus to be able to
map out a route.

In particular, the image recognizer comprises previously
stored information regarding position and/or orientation of
one or more reference objects. Advantageously, the sensor
image processor is moreover arranged for orientation 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, abeacon orthe like. Advantageously the reference object
comprises a marking, in particular a line or pattern on a floor
of, for example, a shed, in which case the reference object has
a high reflection coefficient for the emitted radiation. The line
or the pattern may be used as an easily to be orientation
recognizer, 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 milking imple-
ment to a box for a calf or to a feed unloading place.

In a particular embodiment, if the object in the observation
area comprises a plurality of sub-objects, the sensor is con-
figured to distinguish the plurality of sub-objects, i.e. to rec-
ognize and process a plurality of objects in one image. 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, for
example, to distinguish between a plurality of animals.

In another embodiment, the sensor image processor is
arranged 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 navigator are then
able to determine whether the vehicle can pass through
between the two sub-objects.
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In a further embodiment, the sensor image processor is
arranged to determine repeatedly, from an image ofthe obser-
vation area, a position and/or a mutual distance to 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 that comes into the path of the
vehicle. Therefore, the vehicle according to this embodiment
is capable of following an animal that may be present in a very
efficient manner in the case of such movements.

In another embodiment, the sensor image processor is
arranged to calculate, from a change of the position and/or the
mutual distance, the speed of the vehicle relative to a target or
object in the environment, and in particular to minimize,
advantageously on the basis of the calculated speed, the
mutual distance between the vehicle and the target to be
reached, which will effect an even more efficient navigation.

In particular, the sensor image processor is arranged to
recognize at least one of a feed loading place, a feed unload-
ing place, an animal and a part of an animal. Such sensor
image processor may, for example, be based on recognition of
animals on the basis of the size thereof, by means of shape or
pattern recognition or the like. In particular, this may be of
importance for safety.

Inthis case, a feed unloading place may relate, for example,
to a feed trough (drinking trough), or more in general to a
place where the feed should be supplied. If such recognizer 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 an indicated target, such as an animal to be fed, or,
on the contrary, around such a target. Also avoiding obstacles
may be provided by first of all recognizing these, for example
as a wheelbarrow, tractor, etc., and subsequently choosing a
path around these obstacles. Needless to say that such a
vehicle is capable of saving a lot of labour. Moreover, it is
possible to apply a very animal-friendly animal recognition,
and to recognize an animal or the like already at a large
distance, and even to make already a record of anot marked or
not chipped animal and to link an animal identification
thereto afterwards.

The sensor image processor may be configured to adapt, 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. In the case of unknown obstacles, a warning signal may
be supplied, if desired.

In a particular embodiment, the vehicle further comprises
one or more animal identifiers. These may, for example, com-
prise transponders which are capable of reacting to, for
example, an earmark or implemented chip. Due to this, a very
fast and reliable identification is possible, which, however,
depends on the presence of such an identifier.

In another embodiment, the image recognizer is further
arranged to determine changes in the identified animal, in
particular in the height and/or size thereof. It is thus possible,
for example, to update the growth of an animal, its udder size,
etc., which may influence the amount of feed to be supplied.
The image recognizer may also be arranged to determine
abnormalities in, for example, the skin, the head, etc. of the
animal, by comparing the image determined with a reference.

In advantageous embodiments, the vehicle, and more in
particular the feed supplier, are arranged to supply liquid
feed. Inthe case of solid feed, it is sufficient to offer a partially
open trough with the solid feed present therein in such a
position that the animal is able to eat. In the case of liquid
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feed, it is possible to obtain a better result by making use of
the flow properties, of, for example, milk, water, pulp-like
substances, etc. For, there may be provided a substantially
closed feed supplier with a feed supplying aperture which is
capable of being positioned in a suitable position, advanta-
geously in a sensor-controlled manner.

In embodiments, the feed supplier comprises an operable
valve or a drinking nozzle, advantageously a flexible teat. By
means of an operable valve it is, for example, possible to
supply feed in a feed trough associated with an identified
animal, if necessary. It may concern liquid feed, such as milk
or water. For liquid feed, and in particular for milk, a drinking
nozzle, such as a flexible teat, is particularly suitable, because
it comes very close to natural feeding. Advantageously, the
drinking nozzle is movably mounted relative to the rest of the
vehicle. Here, a very great advantage of the invention
emerges, because by means of the sensor and the image
recognizer it is possible to bring the drinking nozzle in a very
reliable and fast manner to the mouth of the animal. In this
case, it is possible to determine the desired position, to take an
animal’s posture, changes thereof, etc., into account. The
drinking nozzle being movable helps in this case to adapt the
vehicle to different sizes and postures of the animal. Some-
thing like that also holds for the valve which may, for
example, also be adaptable to different feed trough heights.

It should be noted that from U.S. Pat. No. 5,816,192,
hereby incorporated by reference in its entirety, an autono-
mously displaceable vehicle for supplying feed to a feed
unloading place is known per se. However, this known
vehicle is not provided with such a sensor and is neither
suitable for supplying liquid feed, such as milk, directly to an
animal, such as a calf.

The feed trough may concern an external feed trough, in
particular a milk or water container, but a feed trough may
also be provided on the vehicle. This provides optimum con-
trol over the amount and kind of feed supplied, as well as a
reliable measurement of the amount of feed consumed.

In another embodiment, the feed supplier is controllable by
the image processor and/or by means of the identifier. In this
case, the feed supplier may be arranged to be controllable for
supplying feed if this is desired for the identified animal, for
example on the basis of the previously supplied amount of
feed and the estimated feeding need. Both the valve and the
drinking nozzle may be controllable, for example for supply-
ing or not supplying feed, for selecting a kind of feed, if a
plurality of kinds of feed are provided in the vehicle, etc.
Through the use of the animal identification signal it is pos-
sible to apply the relevant settings, such as mouth height,
feeding or not feeding, etc., in a reliable manner.

Advantageously, the image recognizer is arranged to deter-
mine the amount of feed in a feed trough. Through the use of
the image recognition, in particular 3 D, it is possible to
determine in a reliable manner a height and/or volume of the
feed, and thus also a possible need for supplying feed in that
feed trough. This holds both for a feed trough on the vehicle
and for an external feed trough.

In another embodiment, the vehicle further comprises at
least one of a connection for electrical feeding and a connec-
tion to a feed loading place for receiving feed, in particular
liquid feed, wherein the sensor image processor is are
arranged 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. This means: the
vehicle comprises controller, connected to the sensor image
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processor, which minimize, on the basis of the image of the
connection and the counter-connection, the distance there
between, in order thus to realize the coupling. In this case, the
connection and/or the counter-connection are preferably self-
searching. In this case, the coupling of the connection to the
counter-connection may comprise steps that are comparable
with the steps for, for example, determining the location of
and navigating to an animal to be fed.

In other embodiments, the feed loading place comprises a
milk storage vessel or milking implement, in particular an
autonomously displaceable milking implement. It is then
possible, for example, for the unmanned vehicle according to
the invention to take itself a desired amount of milk from the
storage vessel or to receive a desired amount of milk from the
milking implement. This amount may, for example, be deter-
mined on the basis of animal identification. Subsequently, the
vehicle moves to the relevant animal in order to supply the
milk. If the vehicle collects the milk from a milking imple-
ment, it may even be arranged to collect milk obtained from a
particular, identified mother animal, and to supply the col-
lected milk to the young animal belonging to that mother
animal. It is thus possible to provide a particularly suitable
and very fast feeding regime. Of course, other regimes than
mother-child regimes are possible as well.

In particular, according to the invention, the vehicle com-
prises a milking implement with automatically connectable
teat cups and a milk storage vessel. Such a vehicle is suitable
for collecting completely autonomously the milk needed and
subsequently supplying it to an animal.

In general, it should be noted that the vehicle according to
the invention is extremely suitable for feeding animals such as
dairy animals, and in particular animals that are fed with milk,
such as young animals and in particular calves. Owing to the
fact that the vehicle is autonomously displaceable between
one or more feed loading places and one or more feed unload-
ing places, itis possible that the transport of the milk obtained
to the calf is performed in a flexible manner by the vehicle,
instead of, for example, by means of a known system of lines.
Owing to the fact that the vehicle may comprise a drinking
nozzle, such as a flexible teat, the milk can be supplied to the
calf directly by the vehicle, so that additional lines for sup-
plying the milk to the calf are neither needed.

In one embodiment of an implement according to the
invention, the vehicle comprises one or more thermally insu-
lating storage device for liquid feed. Such an insulating stor-
age device, such as a storage device resembling a thermos jug,
ensures that the temperature of the liquid feed obtained at the
feed loading place will remain as constant as possible during
transport to the feed unloading place. Because of the fast and
reliable navigation which is possible by the vehicle according
to the invention, the insulation need not be complex or expen-
sive.

The invention also provides a, preferably passive, heat
exchanger, such as for example a reservoir for and/or with
water, for keeping the liquid feed at a particular temperature.

The invention also provides a device for supplying feed, in
particular liquid feed, to an animal, comprising at least one
feed loading place and at least one vehicle according to the
invention. The feed loading places may comprise a storage
vessel for, for example, water or milk, or a milking imple-
ment. Furthermore, the implement may comprise at least one
feed unloading place, such as a feed trough. Also the drinking
nozzle of the one or more vehicles may be considered as a
feed unloading place.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the invention will be appre-
ciated upon reference to the following drawings, in which:
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FIG. 1 is a schematic plan view of an implement with a
vehicle according to the invention,

FIG. 2 is a schematic side view ofa vehicle according to the
invention, and

FIG. 3 is a schematic side view of a sensor of the unmanned
vehicle according to the invention.

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. A device for supplying, in this case
liquid, feed to an animal, such as a calf, is shown in a dia-
grammatic plan view in FIG. 1. The implement comprises one
or more feed loading places, in the embodiment shown in
FIG. 1 a milking machine 1, in the example a milking
machine with a (not shown) device for automatically connect-
ing teat cups to teats of a dairy animal. The implement also
comprises one or more feed unloading places 2-7, in the
embodiment shown in FIG. 1 the feed unloading places 2, 3
and 6 being located in a shed 8 and the feed unloading places
4, 5 and 7 being located outside the shed 8. Furthermore, the
feed unloading places 2, 3, 4, 5 are feed unloading places for
containing only one animal, so-called igloo housings, and the
feed unloading places 6, 7 are suitable for containing a plu-
rality of animals.

The device further comprises one or more vehicles that are
autonomously displaceable, controlled by a microprocessor
or the like, between the milking machine 1 and the feed
unloading places 2-7, only one vehicle 9 being shown in FI1G.
1 for the sake of clarity, although it will be obvious that any
other number of vehicles will also fall within the scope of the
invention. Autonomously displaceable vehicles for perform-
ing many different functions, as well as the control of such
vehicles, are known per se and will consequently not be
described here in detail. Automatic charging of the energy
supply of the vehicle and automatic loading and unloading of
other materials into and from, respectively, containers present
on the vehicle, are known as well. It will suffice to refer to the
following patent documents: U.S. Pat. No. 2,966,256,
DE-1109441, DE-1183301, EP-0382693, DE-4425924,U.S.
Pat.  No. 5309,592, EP-0142594, DE-4444508,
GB-2313190, U.S. Pat. No. 5,109,566, GB-2313191, U.S.
Pat. No. 3,273,038, NL-7416427, U.S. Pat. No. 5,341,540,
U.S. Pat. No. 5,646,494, EP-0943235, EP-1369010,
EP-1369012 en EP-1368017, each of which is incorporated
by reference in its entirety.

For accurate position determination and identification of
animals, the relevant milking machine 1 and, for example, the
feed unloading places 2-7, the vehicle 9 comprises a sensor
according to the invention, as well as, if desired, animal
identifier such as transponder readers. Furthermore, the sen-
sor and the navigation may be used to couple the vehicle 9 to
a connection on the milking machine 1 in order to transfer, for
example, milk. Navigation may take place by, for example,
minimizing the distance between that connection and an asso-
ciated connection on the vehicle 9, which connections may,
for example, be self-searching.

According to the invention, the vehicle 9 comprises a
drinking nozzle 10, such as a flexible teat, so that liquid feed
carried by the vehicle 9, for example stored in a container, can
be supplied to a calf present in the feed unloading places 2-7.
Although the shed 8 may be thermally insulated from the
outside environment to a certain extent, the environment will
nevertheless influence the temperature of the liquid feed car-
ried by the vehicle 9. In order to reduce this thermal influence
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by the environment as far as possible, the vehicle 9 comprises
one or more thermally insulating storage device 11 for liquid
feed (see FIG. 2). Although only one storage device 11 is
shown in FIG. 2, two or more storage devices are also appli-
cable in the invention. These thermally insulating storage
device, which are known per se, make it possible to keep the
temperature of the liquid feed stored therein constant for a
long time, so that it is even possible for the liquid feed that is
transferred to the feed unloading places 4, 5, 7 located outside
the shed 8 to have at that location substantially the same
temperature as the temperature of the liquid feed when the
latter was supplied in the storage device 11.

FIG. 2 is a schematic side view of a vehicle 9 according to
the invention. Here, it comprises a frame with a drinking
nozzle 10 which is displaceable through the use of a paral-
lelogram construction 15 having a height adjustment and a
control cylinder 17, a storage device 11 and a reservoir 12
with hot water. 14 and 18 are each a temperature sensor for
measuring the temperature of milk in the storage device 11
and the water in the reservoir 12, respectively.

By 24 and 28 are denoted (here) two sensors according to
the invention, having respective image fields 26 and 30. The
mode of operation of the sensors will be explained in further
detail with reference to FIG. 3. It will suffice here that the
image fields 26 and 30 are used to form 3 D-images of the
environment, through which it is possible for the vehicle 9 to
navigate, for example as a whole toward the animal shown on
the left side, or to bring the drinking nozzle 10 to the mouth.

Through a parallelogram construction 15, for example, the
drinking nozzle 10 is movable relative to the rest of the
displaceable vehicle from a withdrawn first position of the
nozzle 10 indicated by uninterrupted lines to an extended
position of the nozzle 10" indicated by interrupted lines. This
means that, on the one hand, it is possible, for example, to
move the drinking nozzle 10' forward in such a manner that it
is easily accessible for an animal and, on the other hand, it is
possible to attune the position of the drinking nozzle to the
dimensions of an animal by using, for example, a height
adjusting device with a control cylinder 17. In the latter case,
it is advantageous if the displaceable vehicle is provided with
animal identifier for identifying an animal and for supplying
an identification signal indicative of the identity of an animal,
the identification signal, besides for other objectives, such as
supplying particular sorts of feed, being used in particular for
moving the drinking nozzle. By use of the sensor it is possible
to control the movement from the nozzle to the mouth of the
animal to be fed, such as a calf, in an optimum manner. Also
when the animals move about freely, the sensor may be very
useful, for example by identifying an animal or by navigating
the vehicle toward an animal.

It should be noted that in this figure neither a milking robot
nor components thereof, such as automatically connectable
teat cups are shown, this in fact not being a characterizing part
of'the invention. For details, reference may be made, besides
the know-how of'the person skilled in the art, to inter alia U.S.
Pat. No. 7,231,886, which discloses a trolley with automati-
cally connectable teat cups, and which is hereby incorporated
by reference in its entirety.

The milk obtained in the milking machine 1 being rela-
tively warm, it is advantageous to transport the milk obtained
as quickly as possible to a relevant animal in order that as little
energy as possible is needed to keep the milk at a particular
temperature. In an embodiment of an implement according to
the invention, this is achieved in that the milking machine 1
comprises a detection device for detecting the arrival of an
animal in the milking machine 1 and for supplying a detection
signal. This detection signal may then be used for controlling
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the displacement of the displaceable vehicle 9, so that the
vehicle is displaced to the milking machine 1. In this case, it
is possible, of course, to make use of the navigation by the
sensor according to the invention. In this manner it is possible
for the vehicle 9 to arrive quickly at the milking machine 1
and to take milk that has cooled as little as possible from the
milking machine 1, or a storage device located in its vicinity,
and to transport it to the relevant feed unloading place 2-7. It
should be noted that means for detecting that a particular
animal has entered the milking machine are known per se.
Also for this purpose, it is possible to use the sensor of the
vehicle according to the invention.

The vehicle 9 is self-propelled, i.e. autonomously displace-
able, by wheels driven by a not shown drive. The control of
the drive is preferably connected to the sensor image proces-
sor and/or navigator that are not separately depicted here. In
fact, it is advantageous, for reasons of compactness, to com-
bine both the sensor image processor, the navigator, as well as
the not shown robot controller and other controllers, if any, in
one control device.

FIG. 3 is a schematic side view of a sensor of the unmanned
vehicle according to the invention. The first sensor 24, at least
a not separately shown light source thereof, 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. Like-
wise, a not separately shown light source in the second sensor
28 emits a second light beam 30, and the second observation
area will roughly correspond to the solid angle in which the
second light beam is emitted.

The sensor 24 comprises a housing 33 with a light source
34 that emits light 36 which is formed by the exit optical
device 38 into an outgoing beam 40. A first ray 42 thereofhits
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 processing device 52 which is connected to the sensor
control 54. The sensor control 54 is also connected to the light
source 56 which also emits a reference ray 34 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 fastened 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
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. The light intensity of
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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 9 as
awhole. It should be noted that neither the power supply, nor
any of the sensor control 54, the sensor image processor 52 to
be described hereinafter, or 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 calf, acow’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 is formed into an image
by the entrance optical device 48. The entrance optical device
48 may also effect an adaptation of the image to the desired
observation area or vice versa, and may, for example, be
designed for this purpose as an adjustable lens or even as a
zoom lens.

Inthe 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 another
embodiment, this is a matrix of 64x64 photodiodes, but reso-
Iutions 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. 3. Here, the reflected beam 46 is found to
be displayed on the receiver 50-3, which will supply a signal.
It will be obvious that, if, for example, the object 44 is larger,
or the resolution 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
through implementation of known techniques, such as sam-
pling 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.

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 2 D 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



US 8,397,670 B2

13

desired, it is also possible to repeat the measurement at one
and the same modulation wavelength, for example for an
increased reliability, to take changes in the observation area
into account, such as movement, or even to determine a speed
of an object 44 in that observation area, by measuring the
change of a distance. For this purpose, the sensor control 54
may be arranged in a simple manner. A favourable repeat
speed is, for example, at least 16 Hz, because it is thus pos-
sible 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 Hzto 2 Hz,
such as for unanimated objects, such as a feed loading place
or a not shown milking machine.

In a particular embodiment, short light pulses may be emit-
ted 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 frequen-
cies occurring in practice, this can easily be realized.

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, but that numerous
modifications are possible within the scope of the accompa-
nying claims. Thus, the invention has been described by ref-
erence to certain embodiments discussed above. Further
modifications in addition to those described above may be
made to the structures and techniques described herein with-
out 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.

What is claimed is:

1. Unmanned vehicle for supplying liquid feed to an ani-

mal, comprising a frame, with disposed thereon:

a propulsion mechanism;

a container for storing the liquid feed;

a feed supplier for supplying the liquid feed;

an animal identifier configured to supply an identification
signal which is indicative of identity of the animal; and

a navigator connected to the propulsion mechanism with a
sensor for forming an image of an observation area, the
sensor comprising:

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, compris-
ing a matrix with a plurality of rows and a plurality of
columns of receivers,

an optical device for displaying imaging the reflected elec-
tromagnetic radiation on the receiver device, and

a sensor image processor configured to determine for each
of the receivers a phase difference between the emitted
electromagnetic radiation and the reflected electromag-
netic radiation in order to calculate a distance from the
receiver to the object and generate a spatial image
thereof,

wherein the sensor image processor is configured to rec-
ognize at least one of'a feed loading place, a feed unload-
ing place, an animal, and a part of an animal based onthe
spatial image, and the navigator is controllable by the
sensor image processor for controlling movement of the
vehicle, and

wherein the feed supplier comprises an operable valve and
a drinking nozzle movably supported on a height adjust-
ing mechanism for vertical movement of said drinking
nozzle with respect to the vehicle for supplying the
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liquid feed, the feed supplier being controllable by the
sensor image processor and the identification signal for
adjusting a height of the drinking nozzle for supplying
feed for the identified animal.

2. The vehicle according to claim 1, wherein the sensor
image processor configured to form a three-dimensional
image of the observation area.

3. The vehicle according to claim 1, wherein the sensor
image processor configured to form a three-dimensional
image of an object in the observational area.

4. The vehicle according to claim 1, wherein at least one of
the receiver device and the source of radiation is disposed at
least one of rotatably and telescopically.

5. A device for supplying feed to an animal, comprising a
vehicle according to claim 1 and a feed loading place, wherein
the sensor image processor is configured to recognize a feed
loading place, and the feed loading place comprises an
autonomously displaceable milking implement.

6. The vehicle according to claim 1, wherein the sensor
image processor is further configured to determine changes in
the identified animal.

7. The vehicle according to claim 6, wherein the sensor
image processor is further configured to determine a change
in at least one of a height and a size of the identified animal.

8. The vehicle according to claim 6, wherein the feed
supplier is mounted movably relative to the rest of the vehicle.

9. The vehicle according to claim 1, further comprising at
least one of a connection for electrical feeding and a connec-
tion to a feed loading place for receiving feed, and wherein the
sensor image processor is arranged 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.

10. The vehicle according to claim 9, wherein the connec-
tion to the feed loading place is configured to receive liquid
feed.

11. The vehicle according to claim 1, wherein the sensor
image processor is configured to recognize a feed loading
place, and the feed loading place comprises at least one of a
milk storage vessel and a milking implement.

12. The vehicle according to claim 1, further comprising a
milking implement with automatically connectable teat cups
and a milk storage vessel.

13. The vehicle according to claim 1, wherein movement of
the drinking nozzle of the feed supplier is controllable by the
sensor image processor for bringing the nozzle to the mouth
of the animal.

14. The vehicle according to claim 1, wherein the feed
supplier is controllable for supplying a particular sort of feed
based on the identification signal to the identified animal.

15. The vehicle according to claim 1, wherein the sensor
image processor is configured to recognize the feed loading
place, feed unloading place, animal, or part of an animal
based on the spatial image and previously stored information
regarding position and/or orientation of one or more reference
objects.

16. The vehicle according to claim 1, wherein the height
adjusting mechanism is configured to attune a position of the
drinking nozzle to the dimensions of an animal by using a
height adjusting device.

17. The vehicle according to claim 16, wherein the height
adjusting mechanism adjusts the height of the drinking nozzle
to a height of the identified animal at at least one feed unload-
ing place.



